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Chicago  Fuel  Session 


THE  joint  Bessiona  in  which  representatives  of  the 
Society,  the  National  Automobile  Chamber  of 
Commerce  and  other  automotive  interests  con- 
ferred with  members  of  the  American  Petroleum  Insti- 
tute at  Chicago  on  Dec.  6  and  7  represent  one  of  the  re- 
sults of  (.(insistent  effort  on  the  part  of  leading  men  in 
the  automotive  and  the  oil  industries  for  the  past  2  years 
to  bring  about  a  closer  understanding  and  more  active  co- 
operation between  these  two  industries  in  reaching  solu- 
tions of  some  of  the  immensely  important  problems  in 
which  their  interests  and  those  of  the  general  public  are 
involved. 

The  keynote  of  the  sessions  was  the  necessity  and  prac- 
ticability of  uniformity  and  sufficient  volatility  of  gaso- 
line as  marketed  and  used  for  motor  fuel  throughout  the 
Country.  After  a  presentation  of  the  general  economic 
situation  by  Dr.  Van  II.  -Manning  for  the  petroleum  in- 
dustry and  Edward  S.  Jordan  for  the  automotive  indus- 
try, the  technical  phases  of  the  problem  were  discussed 
from  various  angles  in  a  series  of  papers  that  appear 
hereinbelow  in  abstract  form. 

The  success  of  the  meeting  in  bringing  about  a  better 
understanding  of  the  real  problems  and  difficulties  of 
each  industry  by  representatives  of  the  other  was  ob- 
vious throughout.  It  was  evident  that  a  status  has  been 
reached  wherein  neither  the  petroleum  refiner  nor  the 
automotive  engineer  is  willing  to  speak  before  a  technical 
audience  without  considering  carefully  whether  his  state- 
ments will  stand  analysis  in  the  light  of  the  practical 
limitations  of  the  other  industry. 

The  automotive  engineer  has  of  necessity  studied  the 
problem  of  proper  utilization  of  available  fuels;  it  was  a 
part  of  his  job.  Therefore,  prior  to  a  recent  date  the 
problems  of  decreasing  volatility  and  lack  of  uniformity 
received  more  attention  from  him  than  from  the  fuel  pro- 
ducer. Of  late  there  has  been  a  rapidly  increasing  inter- 
est in  this  problem  on  the  part  of  the  petroleum  indus- 
iry,  this  being  accompanied  by  gratifying  research  activ- 
ity. The  Chicago  meeting  constituted  a  conspicuous  step 
in  advance  in  the  growing  spirit  of  mutual  understand- 
ing and  cooperation  between  the  two  great  industries. 
The  technical  men  in  them  are  being  brought  together  in 
intimate  professional  discussion. 

R.  D.  Benson,  president  of  the  Tide  Water  Oil  Co.,  and 
Capt.  J.  F.  Lucey,  president  of  the  Lucey  Mfg.  Co.,  had 
charge  of  the  deliberations  of  the  sessions,  and  as  execu- 
tives  favored  strongly  the  continuance  of  further  and 


more  intensive  engineering  work  in  the  field  of  oil  tech- 
nology. It  was  seen  how  very  great  the  need  is  for  re- 
search in  the  realm  of  oil  refining.  This  point  was  driven 
home  by  Sir  John  Cadman,  formerly  His  Majesty's  Pe- 
troleum Executive.  The  matter  was  stressed  also  by 
President  Beecroft,  of  the  Society. 

EDWARD  S.  JORDAN 

Mr.  Jordan,  president  of  the  Jordan  Motor  Car  Co.,  pre- 
sented on  behalf  of  the  National  Automobile  Chamber  of 
Commerce  a  statement  as  to  the  public's  attitude  toward 
the  automobile  industry  and  toward  the  little  understood 
fuel  problem,  in  the  working  out  of  which  the  engineers 
have  had  little  consideration  from  many  of  the  automo- 
bile producers.    His  address  was  in  part  as  follows. 

It  has  been  said  that  five  things  are  vitally  essential 
to  the  welfare  of  the  people  and  the  progress  of  the 
Nation.  The  first  four,  food,  fuel,  clothing  and  shelter, 
are  really  necessary  to  life,  but  the  distribution  and  gen- 
eral enjoyment  of  them  depend  absolutely  upon  the  fifth, 
transportation. 

Some  of  you  represent  an  industry  engaged  in  produc- 
ing fuel.  I  represent  an  industry  engaged  in  producing 
transportation.  Our  interests  are  mutual  and  our  com- 
mon obligation  to  the  public  is  identical. 

I  have  an  impression  that  the  oil  industry  has  suffered 
in  somewhat  the  same  way  the  automobile  industry  has 
suffered,  through  prosperity.  Engineers  in  our  industry 
will  tell  you  that  the  manufacturers  have  been  so  suc- 
cessful in  past  years  in  building  what  they  chose  to  build, 
that  they  have  not  been  careful  to  keep  in  touch  with  all 
of  the  engineering  developments.  Many  of  the  companies 
have  not  spent  much  money  in  research  work.  I  think 
that  the  present  conditions  will  bring  about  a  greater  ap- 
preciation of  the  necessity  for  cooperative  research  work 
in  our  industry  and  in  yours.  I  wish  to  present  a  certain 
point  of  view,  which  might  be  said  to  be  a  sales  or  a  ser- 
vice point  of  view,  based  upon  our  mutual  obligation  to 
the  man  who  is  going  to  determine  whether  we  can  mar- 
ket our  product  and  how  we  shall  market  and  what  price 
we  will  get  for  it — the  owner  of  the  automobile. 

More  Efficient  Cars 

There  is  a  very  strong  tendency  among  manufacturers 
to  direct  their  engineers  to  build  lighter  or  at  least  more 
economical,  more  efficient  cars.  That  is  the  first  consid- 
eration today.     It  indicates  an  acceptance  on  the  part  of 
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automobile  manufacturers  of  the  fundamental  need  of 
the  owner,  a  vehicle  of  necessary  transportation  that 
can  be  operated  at  the  lowest  possible  cost. 

A  misapprehension  still  exists  in  the  minds  of  many 
that  people  do  not  care  how  much  they  pay  for  service, 
whether  it  pertains  to  weight,  tires,  gasoline  or  upkeep. 
They  do  care,  because  they  have  passed  the  social  stage, 
I  may  say,  in  the  appreciation  of  the  automobile.  They 
are  now  on  a  practical  day-in  and  day-out  service  basis. 
We  believe  that  this  movement,  which  is  fostered  and 
being  promoted  very  energetically  by  the  Society  of  Auto- 
motive Engineers,  will  be  acquiesced  in  and  adopted  by 
the  manufacturers,  not  because  they  merely  desire  to 
improve  automobiles,  but  because  they  want  to  maintain 
their  volume  of  production  and  build  their  business. 
There  will  be  a  very  strong  movement  toward  more  effi- 
cient, more  economical  cars. 

Better  Gasoline  Wanted 

During  the  past  10  months  I  have  visited  every  State 
in  the  Union  except  two.  I  have  talked  with  thousands 
of  automobile  dealers,  owners,  salesmen  and  service-men. 
The  producers  of  automobiles  and  the  producers  of  fuel 
should  realize  that  there  is  a  very  insistent  demand  on 
the  part  of  the  public  for  what  it  calls  a  better  grade  of 
gasoline.  The  engineers  might  say  a  more  standard 
grade  of  gasoline.  I  do  believe  that  the  public  is  de- 
manding not  so  much  a  lower  price  for  gasoline  as  a 
more  efficient  kind  of  service  from  the  gasoline  used. 
We  hear  the  demand  everywhere,  and  I  think  it  should 
be  recognized. 

We  hear  frequently  now  that  the  automobile  industry 
is  not  growing,  and  that  possibly  we  will  not  need  so 
much  fuel  in  the  future  as  we  have  thought  we  would 
need.  It  is  our  belief  that  the  so-called  saturation-poinr 
will  never  be  reached  until  every  place  in  the  civilized 
world  is  united  to  every  other  place  by  some  unit  of 
transportation,  and  that  the  passenger  car  of  the  future 
will  serve  as  a  very  important  part  of  that  system.  The 
future  of  the  motor  truck  is,  in  my  opinion,  almost  be- 
yond our  comprehension. 

What  Increased  Efficiency  Would  Mean 

The  question  of  economy  in  design  and  operation  is  be- 
coming more  and  more  acute  and  widely  talked  about. 
There  are  4,000,000  Fords  in  this  Country.  Assuming 
that  every  Ford  owner  drives  his  car  5000  miles  a  year 
we  have  a  total  of  20,000,000,000  miles  per  year.  At  20 
miles  per  gal.,  the  consumption  would  be  1,000,000,000 
gal.  At  20  cents  per  gal.,  which  is  low,  the  total  cost 
would  be  $200,000,000.  Now  if  a  saving  of  10  per  cent 
could  be  made  by  the  joint  efforts  of  the  engineers  build- 
ing motor  cars,  the  carbureter  designers  and  the  fuel  pro- 
ducers, it  would  mean  $20,000,000  to  Ford  owners,  which 
would  mean  the  sale  of  40,000  more  Fords,  and  the  con- 
sumption of  more  gas.  Naturally  I  take  the  sales  point 
of  view.  All  good  merchandisers  recognize  the  fact  that 
volume  at  a  low  margin  is  more  profitable  than  a  smaller 
volume  at  a  higher  price. 

The  Yellow  Taxicab  Co.  of  Chicago  operates  1300  cabs. 
It  uses  350,000  gal.  of  "gas"  per  month.  It  is  now  manu- 
facturing its  own  gas.  At  20  cents  per  gallon  that 
amounts  to  $840,000  per  year.  A  saving  of  1  cent  per 
gal.  would  mean  $42,000,  or  the  equivalent  of  210,000 
miles  of  service. 

I  mention  the  figures  relating  to  Fords  and  Ford 
owners,  and  to  the  Yellow  Taxicab  Co.,  because  they 
serve  as  concrete  illustrations  of  what  it  would  mean 
to  all  of  the  car  owners  in  the  United  States,   if  some 


small  increase,  some  small  percentage  of  improvement, 
were  made  in  the  efficiency  of  motor  cars. 

There  is  a  very  insistent  demand  on  the  part  of  me- 
chanics all  over  the  Country  for  better  gas,  as  they  say, 
or  a  more  standard  grade  of  gas.  One  engineer  told  me 
about  having  to  take  down  the  engine  of  one  of  the  best 
cars  built  every  fifteen  thousand  miles  to  repair  the 
damage  that  had  been  done  by  poor  gas,  rotten  gas  as  he 
called  it. 

There  are  10,000,000  people  in  this  Country  using  your 
product  and  our  product.  We  are  selling  your  product 
as  well  as  our  own.  We  have  reached  the  conclusion 
that  if  we  render  better  service  our  product  will  be  sold 
more  effectively;  and  that  our  volume  of  business  and 
profits  will  be  increased,  if  we  strive  with  might  and 
main  to  improve  the  character  of  our  product. 

We  of  the  National  Automobile  Chamber  of  Commerce 
have  great  respect  for  your  organization.  You  repre- 
sent in  your  own  industry  about  the  same  thing  that  we 
represent  in  ours.  You  have  here  today  some  very  able 
men  representing  the  Society  of  Automotive  Engineers 
and  various  departments  of  the  Government,  and  others 
well  qualified  to  be  of  assistance  to  our  industry  and  to 
yours  in  promoting  research  work  which  will  help  us 
meet  this  situation.  The  manufacturers  of  motor  cars 
are  sincerely  anxious  that  the  American  Petroleum  Insti- 
tute accept  this  offer  of  cooperation.  It  will  be  fulfilled 
in  spirit  and  deed.  We  hope  that  out  of  this  gathering 
will  come  some  definite  expression  or  some  definite  prac- 
tical effort  toward  the  solution  of  the  fuel  problem. 

H.  M.  CRANE 

The  first  spokesman  of  the  Society  at  the  sessions  was 
H.  M.  Crane,  the  chairman  of  its  Research  Committee. 
His  topic  was  the  requirements  of  motor-vehicle  fuel. 
He  pointed  out  that  the  growth  of  the  automotive  indus- 
try in  its  present  form  was  made  possible  by  a  plentiful 
supply  of  a  volatile  fuel,  the  original  76-deg.  gasoline. 
In  spite  of  economic  pressure  for  20  years  toward  the 
use  of  kerosene,  the  public  is  still  willing  to  pay  twice  as 
much  for  gasoline,  proving  its  greater  "utilization  value" 
in  the  class  of  motor-car  equipment  that  has  proved  prac- 
tical. Engineers  have  learned  to  design  equipment  to  use 
heavier  and  heavier  fuels  but  there  is  a  limit  beyond 
which  this  cannot  go.  Some  portions  of  the  worst  fuels 
now  marketed  have  practically  no  utilization  value  at  all 
in  present  classes  of  equipment  and  might  better  be 
thrown  away.  Uniformity  in  fuels  marketed  in  the  same 
territory  would  be  an  aid  to  economy  and  efficient  utili- 
zation. More  volatile  fuels  in  winter  than  in  summer, 
and  in  the  colder  than  in  the  warmer  parts  of  the  Coun- 
try, are  desh-able  both  for  the  refiner  and  for  the  user. 

N.  A.  C.  SMITH 

An  exposition  of  the  volatility  of  motor  fuel  as  mar- 
keted in  the  United  States  was  given  by  N.  A.  C.  Smith, 
petroleum  chemist  of  the  Bureau  of  Mines,  which  has 
made  periodic  surveys  of  the  motor-fuel  supplies  mar- 
keted throughout  the  Country  in  1915,  1917,  1919,  1920 
and  1921.  He  summarized  the  results  of  tests  of  vola- 
tility to  show:  (a)  periodic  changes  in  volatility  and  (&) 
variations  between  fuels  from  different  companies  mar- 
keted simultaneously  in  the  same  territories.  The  end- 
point  was  taken  as  the  criterion  of  volatility  and  it  was 
shown  that  the  average  end-point  has  risen  steadily  from 
about  370  deg.  fahr.  in  1915  to  about  445  deg.  in  1920, 
with  a  slight  drop  in  1921.  The  average  end-point  of  the 
least  volatile  10  per  cent  of  the  fuels  was  compared  with 
that  of  the  10  per  cent  most  volatile  fuels.     The  differ- 
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eiu-e  between  these  was  ;i  maximum  of  no  deg.  fahr.  in 
1919,  and  has  been  growing  somewhat  less,  from  which 

Mr,  Smith  concluded  that  there  is  a  natural  trend  toward 
greater  uniformity  in  tumor  fuels  marketed  by  different 
companii 

F.   A.   How  AIM) 

The  qualitative  limitations  in  refining  and  marketing 
were  discussed  by  F.  A.  Howard,  manager  of  the  devel- 
opment department  of  the  Standard  Oil  Co.  of  New 
Jersey.  He  enumerated  the  possible  limitations  in  refin- 
ing <>f  mot'!  fuel  as:  '"'  heating  value,  i  '<  i  volatility, 
(c)  purity  and  stability  and  (d)  combustion  character 
istics.  He  showed  that,  for  practical  purposes,  volatility 
alone  imposes  any  real  limitation  on  fuels  produced  from 
sources  at  present  available.  The  present  Government- 
specification  gasoline  was  referred  to  as  two  parts  head, 
seven  parts  body  and  one  part  tail ;  while  the  available  sup- 
ply of  crude  includes  aboul  •">■">  parts  tail,  most  of  which 
have  to  he  marketed  in  the  form  of  other  products.  Mar- 
keting limitations  are  volatility  and  susceptibility  to  wa- 
ter. It  is  impossible  to  market  by  present  methods  a  fuel 
of  too  low  a  boiling-point  or  one  that  is  injured  by  the 
presence  of  small  amounts  of  water  The  present  mar- 
ket ing  system  cannot  handle  different  grades  of  fuel 
without  adding  greatly  to  the  cost:  it  tends  therefore  to 
uniformity.  Gasoline  as  a  primary  fuel  must  be  pro- 
duced at  a  minimum  of  labor  costs,  as  its   function   is  to 

conserve  labor. 

F.  C.   MOCK 

The  limitations  imposed  on  economy  by  volatility 
changes  in  motor  fuel  were  outlined  by  F.  C.  Mock,  re- 
search engineer  of  the  Stromberg  Motor  Devices  Co.  He 
characterized  the  intake  system  of  the  automobile  engine 
as  a  still  in  which  the  liquid  is  metered  continually  at  the 
intake-  end,  the  behavior  of  the  engine  depending,  how- 
ever, upon  the  amounts  of  vapor  at  the  outlet  end.  Most 
of  the  difficulties  in  carburet  ion  arise  from*  the  naturs 
of  this  still  system  when  applied  to  less  ami  less  volatile 
fiu's.  The  engine  and  the  carbureting  system  have  been 
improved  to  meet  the  changing  quality  of  fuels  but  this 
does  not  apply  to  cars  that  have  been  in  use  lor  several 
years.  In  particular,  the  high-grade  ears,  which  do  not 
wear  out  quickly,  are  compelled  to  operate  much  of  the 
time  with  fuels  for  which  they  are  not  adapted.  The 
motor  fuels  marketed  have  ranged  from  too  volatile  to 
operate  in  summer  to  those  that  could  not  be  lighted  with 
a  match  at  5  deg.  fahr.  While  some  variations  may  be 
necessary  and  desirable,  there  should  be  a  recognized 
Standard,  aid  variation  from  it  should  be  clearly  specified 
as  such. 

C.  K.  FRANCIS 

In  the  matter  of  the  exteni  and  causes  of  the  presen' 
variations  in  the  quality  of  motor  fuel.  o.  K.  Francis, 
chief  chemist  of  Cosden  &  Co.  tool  the  ground  that 
the  demands  of  the  public  which  the  engineer  attempts 
to  meet  are  for  speed  and  "pep,"  without  much  regard  to 
how  these  are  secured.  The  status  of  gasoline  ha 
changed  in  20  years  from  that  of  an  almost  worthless 
nuisance  to  a  product  of  prime  importance  in  the  pe- 
troleum output.  The  accepted  laboratory  tests  for  motor 
fuel  were  discussed  by  Mr.  Francis  in  some  detail. 

Gravity  is  no  longer  considered  an  index  of  quality, 
since,  with  the  advent  of  a  wide  variety  of  crude  oils, 
there  is  no  longer  any  definite  relationship  between  speci- 
fic gravity  and  any  other  important  property  of  gasoline. 

The  tests  for  sulphur-content  are  not  yet  entirely  satis- 
factory. Sulphur  compounds  in  general  must  be  removed 
to  prevent  corrosion  and  present  refining  processes  are 


quite  capable  of  accomplishing  this.  Better  methods  of 
let  are  luiiiv  developed.  Mr.  l-'rancis  stated  that  free 
sulphur  present  to  the  extent  of  0.008  per  cent  is  dele- 
terious and  larger  amounts  are  very  bad. 

The  presence  of  unsaturated  compounds  is  not  detri- 
mental in  itself  but  under  some  conditions,  not  yet  veiv 
well  under  control,  these  compounds  may  lead  to  the 
formation  of  gummy  compounds  that  are  very  objection- 
able. Gasoline  should  be  entirelj  free  from  acid  and  can 
be  so  produced  « ithouf  difficult} . 

The  total  available  energy  of  all  gasolines  as  repre- 
sented by  their  heats  of  combustion  does  not  vary  more 
than  a  few  per  cent  from  20,000  B.t.u.  per  lb.  The  en- 
per  gallon  is  greater  for  the  heavier  fuels. 

The  distillation  curve  representing  the  volatility  of  the 
gasoline  is  a  measure  of  its  "pep,"  the  quality  most  de- 
sired by  the  average  user;  and  volatility  is  the  most  im- 
portant of  the  laboratory  tests.  Most  gasolines  are  mar- 
keted today  at  wholesale  on  a  volatility  basis  and  the  dis- 
tillation characteristics  of  the  product  reaching  the  con- 
sumer are  secured  by  blending,  in  which  very  volatile 
casinghead  gasoline  plays  an  important  part.  There  is 
no  real  definition  of  what  gasoline  really  is.  With  regard 
to  the  marketing  of  several  different  grades,  Mr.  Francis 
asked.  With  a  more  exact  knowledge  of  the  uses  to  which 
a  gasoline  is  to  be  put,  is  it  not  possible  to  imagine  that 
several  grades  of  gasoline  should  be  sold  at  the  filling 
station'.'  The  present  practice,  at  least  in  many  places, 
is  to  put  the  same  gasoline  into  a  Ford  that  goes  into  a 
Locomobile. 

Mr.  Francis  warned  against  too  close  specifications  for 
gasoline.  He  maintained  that  the  present  Government 
specifications  are  so  close  as  to  limit  the  output  of  the 
smaller  refiners  and  that  the  general  adoption  of  such 
rigid  specifications  would  be  a  hardship  on  them  and  in- 
crease the  price  to  the  public. 

O.  C.  BERRY 

With  relation  to  the  practical  effects  of  too  low  volatility, 
O.  C.  Berry,  chief  engineer  of  the  Wheeler-Schebler  Carbu- 
retor Co.,  drew  a  distinction  between  the  results  obtain- 
able in  the  use  of  present-day  fuels  under  experimental 
conditions  and  these  secured  in  practice,  and  pointed  out 
the  reasons  for  this  difference.  It  has  been  impossible  for 
the  engineer  to  put  into  the  hands  of  the  public  an  engine 
that  will  utilize  present  fuels  without  serious  difficulty 
and  waste,  and  any  further  decrease  in  volatility  would 
decrease  the  usefulness  of  the  10,000,000  vehicles  now  in 
use.  The  automotive  engineers  are  making  every  effort 
to  remedy  this  situation  and  it  can  be  expected  that  they 
will  find  means  in  the  near  future  for  producing  engines 
that  will  use  present  and  even  heavier  fuels  with  entire 
satisfaction,  but  until  that  time  the  petroleum  refiners 
are  urged  to  make  no  further  reduction  in  the  volatility 
of  commercial  motor  fuel. 

PRESIDENT  BEECROFT 

Research  work  is  necessary  at  this  time  when  the  at- 
tention of  the  world  is  focused  on  the  subject  of  greater 
efficiency  and  economy.  In  the  earlier  days  of  our  in- 
dustries it  was  not  a  necessity;  today  it  is  obviously  a 
necessity.  I  regret  that  the  executives  of  the  great 
petroleum  industry  of  this  Country  and  the  executives 
of  the  various  groups  constituting  the  automotive  indus- 
tries are  not  meeting  together  to  discuss  a  common  re- 
search program. 

The  Society  of  Automotive  Engineers  is  keenly  appre- 
ciative of  the  spirit  of  cooperation  manifested  last  year 
at  the  Washington  meeting  of  the  American  Petroleum 
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Institute,  and  again  this  year  by  your  invitation  to  us 
to  participate  extensively  in  the  sessions  now  being  held. 
We  recognize  that  your  request  for  cooperation  has  been 
prompted  by  a  clear  conception  of  the  relationships  that 
exist  between  you,  the  producers  of  the  fuel  for  the 
internal-combustion  engine,  and  us,  the  designers  of  the 
engines  and  vehicles  that  must  use  the  fuel. 

We  express  the  sincerest  hope  that  we  shall  approach 
nearer  and  nearer  to  the  .eventual  goal  both  of  us  are 
seeking.  The  Society  has  been  considering  the  fuel  prob- 
lem at  its  semi-annual  meetings  for  several  years  and  we 
ask  that  the  engineers  representing  your  industry  meet 
with  us  in  increasing  numbers.  We  solicit  their  mem- 
bership in  our  Society  on  the  basis  that  only  by  the 
closest  cooperation  of  the  two  groups  of  engineers  will 
the  results  be  accomplished  that  the  exigencies  of  the 
time  call  for. 

The  world  will  use  all  forms  of  automotive  apparatus 
if  we  can  make  them  suitable  in  design  and  operation 
for  its  needs  and  capacities.  It  is  not  so  much  a  ques- 
tion of  where  the  market  is  as  of  adapting  the  vehicle 
and  its  fuel  to  the  possible  owner.  We  have  but  one 
aim,  and  it  is  common  to  our  two  organizations;  namely, 
to  design  the  vehicles  and  fuels  to  permit  of  purchasing, 
operating  and  maintaining  the  vehicles  at  the  lowest  cost. 
With  another  mutual  aim  we  would  be  erecting  barriers 
to  sales,  making  it  more  difficult  for  the  peoples  of  the 
world  to  own,  operate  and  maintain  our  apparatus. 

America  has  been  and  is  the  greatest  world  producer 
of  petroleum  products.  America  has  been  and  is  the 
greatest  producing  nation  of  automotive  vehicles.  Fairly 
reliable  statistics  show  that  while  we  have  approximately 
10,000,000  motor  vehicles  in  this  Country,  there  are 
approximately  1,000,000  in  the  other  parts  of  the  world. 
Let  us  not  lose  sight  of  the  fact  that  the  world  is  our 
market  and  that  we  must  set  our  houses  in  order  to 
meet  it. 

Early  this  year  our  Society  created  a  research  depart- 
ment which  had  its  inception  nearly  2  years  ago  in  the 
fuel  problem  that  we  are  discussing  today.  We  are  not 
creating  a  special  laboratory  to  carry  on  research  work, 
but  are  cooperating  with  Government  laboratories,  such 
as  the  Bureau  of  Standards  and  the  Bureau  of  Mines, 
with  university  laboratories  and  with  the  laboratories  of 
companies  in  the  various  automotive  industries  repre- 
sented in  the  membership  of  the  Society.  We  expect  this 
research  work  to  become  one  of  the  major  activities  of 
the  Society,  not  second  to  the  standardization  work  that 
we  have  carried  on  for  over  10  years  and  that  has  made 
the  great  development  of  the  automotive  industry  pos- 
sible. 

We  believe  that  a  combined  research  program  of  your 
industry  and  our  Society  on  the  internal-combustion  en- 
gine fuel  program  is  most  desirable,  and  look  forward  to 
the  time  when  the  expense  of  the  work  now  defrayed 
from  the  regular  funds  of  your  Institute  and  our  Society, 
will  be  borne  by  appropriations  or  endowments  that  will 
place  the  work  on  the  plane  that  the  necessities  of  the 
case  demand. 

CHAIRMAN  LUCEY 

We  who  are  in  the  practical  end  of  the  petroleum  in- 
dustry would  like  to  take  Mr.  Beecroft's  little  speech, 
take  out  the  words  "automotive  engineers"  and  simply 
substitute  "the  oil  industry."  The  speech  would  apply 
just  the  same. 

In  my  owti  experience  in  contact  with  engineers,  I  find 

1  Manager  of  the  paraffin  and  lubricating  sales  and  bulk  sales 
departments.  Tide  Water  Oil  Co.,  New  York  City. 


that,  contrary  to  the  general  thought  expressed,  they  are 
not  theoretical  but  intensely  practical.  They  have  no 
more  time  for  the  theorists  than  we  have.  We  have 
with  us  a  man  who  contributed  much  in  the  great  war. 
He  is  very  much  interested  in  the  subject  we  are  dis- 
cussing, having  been  the  founder  of  one  of  the  courses 
in  connection  with  the  study  of  the  oil  problem  in  a 
principal  college  in  England,  and  having  headed  the 
petroleum  industry  for  his  Government  during  the  war. 
I  thought  you  would  all  like  to  have  the  opportunity  of 
meeting  Sir  John  Cadman. 

SIR  JOHN  CADMAN 

If  there  was  ever  evidence  of  the  importance,  the  de- 
sirability and  the  necessity  of  scientific  research  in  these 
great  industries,  it  is  the  evidence  of  what  we  have 
heard  this  morning.  When  I  heard  the  illuminating 
papers  that  were  presented  by  men  of  knowledge  on  the 
subject,  as  a  petroleum  technologist  my  scientific  con- 
science almost  made  me  shout,  "Atta  boy!"  I  believe 
that  the  great  internal-combustion  engine  industry  has 
got  to  force  scientific  ability  in  the  research  upon  this 
most  important  petroleum  problem. 

On  the  other  hand,  I  am  sensitive  of  the  fact  that  the 
automobile  engineers  also  realize  that  if  they  are  to 
carry  on  their  industry  and  if  they  are  unable  to  force 
the  petroleum  industry  into  giving  them  those  beautiful 
homogeneous  products  that  they  appear  to  desire,  they 
must  make  the  design  of  their  machines  so  elastic  that 
they  can  use  efficiently  without  that  25-per  cent  loss  of 
which  we  have  heard,  the  product  that  the  oil  industry 
in  its  judgment  feels  that  it  can  give. 

There  are  a  great  many  important  problems  in  this 
connection  that  all  of  us  must  bear  in  mind.  We  must 
bring  knowledge  to  bear  upon  the  component  parts  of 
the  product  with  which  we  are  working.  I  do  not  wish 
to  belittle  in  any  way  the  great  work  that  has  already 
been  done.  *  The  demand  upon  the  industries  has  been  so 
great  that  to  my  mind  it  is  extraordinary  that  they  have 
been  able  to  rise  to  the  occasion  and  provide  the  great 
quantity  of  products  which  you  are  using.  But  knowl- 
edge demands  a  further  inroad  into  the  base  of  this 
product.  The  realm  of  the  physicist,  the  activity  of  the 
chemist  and  the  ingenuity  of  the  engineer  are  all  re- 
quired. What  we  want  to  know  is  the  actual  structure 
of  the  molecule  that  is  really  the  primary  base  of  this 
product;  and  when  we  know  its  structure,  we  have  got 
to  find  out  how  we  can  handle  that  molecule  and  make  it 
behave  in  the  way  we  please.  We  must  learn  how  we 
can  add  another  atom  of  hydrogen,  chiefly.  That  is  in 
the  realm  of  abstruse  science;  it  is  the  real  science;  the 
subject  may  take  years  to  fathom.  But  I  believe  that 
with  the  aid  of  the  great  geniuses  of  this  Country  the 
problem  will  be  solved.  When  it  is  solved,  the  automobile 
engineers  will  be  able  to  get  exactly  what  they  want,  a 
homogeneous  product  of  a  molecular  structure  giving  a 
possibility  of  bringing  about  combustion  without  any 
losses.  Then,  in  truth,  the  activities  of  this  great  body 
and  its  sister  body,  the  Society  of  Automotive  Engineers, 
will  have  solved  one  of  the  great  problems  which  they 
face. 

O.  P.  KEENEY1 

I  would  like  to  discuss  very  briefly  the  value  of  re- 
search work  to  the  sales  department.  In  a  period  of  large 
stocks  and  diminished  demand,  a  sales  department  is 
more  than  just  an  order-taking  department,  and  its  prob- 
lems get  more  attention  then  though  not  more  than  they 
deserve  all  the  time.    There  is  a  form  of  research  that  is 
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always  important  to  a  sales  department  and  particularly 
valuable  during  a  time  of  uncertain  prices  and  difficulty 
in  keeping  the  refinery  storage-tanks  from  overflowing. 
It  is  of  great  importance  to  all  phases  of  the  industry. 
It  has  to  do  with  the  standardization  of  tests  and  testing- 
methods.  As  this  research  is  done  efficiently  and  uniform 
testing  methods  are  evolved  and  put  into  practice,  we 
shall  see  the  approach  of  the  millennium  for  the  oil  sales- 
men, when  goods  once  sold  will  stay  sold  and  at  the  price 
originally  agreed  upon:  when  no  telegrams  will  be  re- 
ceived during  a  falling  market,  such  as,  "Your  tank-car 
of  lubricating  oil  held  on  demurrage,  not  up  to  specifi- 
cations, will  unload  at  reduced  price." 

Uniform  Testing-Methods 

When  a  shipment  is  received  and  tested  by  a  buyer,  he 
may  not  use  the  same  type  of  instrument  or  may  inter- 
pret the  results  differently,  and  the  chance  for  a  most 
unsatisfactory  dispute  arises,  more  unsatisfactory  even 
than  the  cost  of  demurrage  or  a  double  transportation- 
cost.  Testing-methods  and  specifications  are  two  differ- 
ent subjects,  and  I  want  to  plead  the  cause  of  research 
work  that  will  evolve  and  make  possible  the  putting  into 
actual  everyday  use  of  uniform  testing-methods. 

The  gentlemen  present  representing  the  automotive 
industry  are,  I  believe,  vitally  interested  in  this  problem. 
They  are  concerned  with  the  problem  of  uniformity  of  mo- 
tor fuel.  How  can  this  be  solved  when  the  refiner  and  the 
purchaser  of  gasoline  in  describing  a  product  can  use  the 
same  general  terms  and  each  in  reality  mean  to  describe 
an  essentially  different  product,  because  they  make  the 
same  tests  in  different  ways.  I  think  I  need  not  elaborate 
on  the  necessity  or  economy  of  uniformity  in  testing- 
methods.  The  only  difficulty  is  in  getting  something  done 
about  it.  After  much  discussion  and  thought,  many 
people  feel  that  just  one  thing  more  is  necessary  to  have 
this  long-contemplated  ideal  have  the  chance  of  becoming 
a  reality.  That  is  for  the  American  Petroleum  Institute 
to  operate  a  research  laboratory  equipped  to  do  referee 
testing  work.  This  would  not  be  an  unnecessary  dupli- 
cation of  any  existing  laboratory.  No  refinery  laboratory 
can  fulfil  this  function;  the  law  prevents  the  Government 
bureaus  from  doing  it;  the  commercial  laboratories 
would  be  more  profitable  and  useful  if  they  could  guar- 
antee their  work  to  check  with  this  referee  testing 
laboratory.  This  laboratory  could  also  do  absolutely 
necessary  research  work.  The  expense  to  the  Institute 
need  not  be  large,  as  the  fees  for  work  and  for  issuing 
certificates  to  commercial  laboratories  should  bring  in  a 
good  revenue.  Indeed,  I  believe  that,  if  necessary, 
various  oil  companies  or  organizations  might  guarantee 
in  advance  to  furnish  enough  work  for  the  first  year  to 
pay  the  running  expenses. 

There  is  an  almost  universal  desire  for  uniformity  in 
testing  methods;  considerable  progress  in  that  direction 
has  been  made,  but  further  progress  absolutely  requires 
a  research  laboratory  equipped  to  do  referee  testing. 
The  American  Petroleum  Institute  is  the  only  logical 
organization  to  undertake  this  work. 

Mechanical  Standards 

J.  R.  Stockton,  vice-president  of  the  Purchasing 
Agents'  Association  of  Tulsa,  Okla.,  made  a  strong  plea 
for  standardization  of  parts  and  fittings  in  the  oil  field, 
on  a  national  basis  by  a  national  organization,  stating 
that  the  American  Petroleum  Institute  is  the  logical  body 
to  foster  the  movement.  He  said  that  the  need  for  a 
broader  and  more  comprehensive  standardization  had 
long  been  recognized,  but  that  those  most  vitally  inter- 


ested have  in  this,  as  in  many  of  their  other  interests, 
played  the  great  American  game  of  "passing  the  buck," 
losing  hundreds  of  thousands  of  dollars  as  a  result  of 
this  attitude.  He  explained  that  purchasing  agents,  in 
touch  with  both  their  own  stocks  and  those  of  the  supply 
companies,  see  this  very  clearly.  The  duplication  of 
stocks  in  the  hands  of  both  the  producers  and  the  supply 
companies,  which  even  a  little  standardization  would  ma- 
terially cut  down,  is  enormous.  The  operating  companies 
have  to  pay  the  carrying  charges  on  these  stocks,  whether 
they  are  carried  in  their  warehouses  or  not.  It  is  only 
natural,  therefore,  that  there  should  be  much  interest  i:i 
standardization. 

A.  W.  AMBROSE 

Discussing  petroleum  research,  A.  VV.  Ambrose,  chief 
petroleum  technologist  of  the  Bureau  of  Mines,  gave  an 
interesting  account  of  general  and  specific  problems  in 
this  field.     Some  of  the  points  he  made  were  as  follows: 

Much  research  is  ultra-scientific  and  closely  associated 
with  theoretical  deductions.  As  a  result,  some  people 
are  inclined  to  place  all  research  in  a  class  that  perhaps 
can  be  best  described  as  high-brow  work.  This  possibly 
accounts  for  a  certain  feeling  that  research  work  does 
not  tie  up  with  the  business  end  of  the  industry.  This 
is  a  mistake,  for  engineering  research  and  investigation 
can  in  many  cases  be  easily  translated  into  large  financial 
returns.  Often  a  piece  of  work  of  a  few  weeks'  duration 
will  give  results  that  can  be  easily  measured  in  dollars 
and  cents.  For  example,  an  oil  company  in  the  Mid- 
Continent  oil  fields  approached  the  Bureau  of  Mines' 
field  men  at  Bartlesville,  Okla.,  on  a  problem  of  sour 
gasoline.  In  less  than  1  week  tests  had  been  carried  on 
which  demonstrated  that  the  gasoline  could  be  made 
sweet  by  a  treatment  costing  $0,001  per  gal.  The  com- 
pany had  a  production  of  gasoline  of  250,000  gal.  per 
month,  and  as  a  result  of  this  1  week's  investigation  it 
sold  its  gasoline  for  an  additional  3  cents  per  gal.,  thus 
increasing  its  revenue  about  $7,500  per  month.  That 
is  practical  research. 

There  is  of  course  another  type  of  research  that  ex- 
tends over  a  long  period  of  time,  but  often  this  furnishes 
fundamental  data  that  are  the  basis  of  further  work.  It 
is  difficult  to  show  that  such  work  has  a  money  basis  but 
it  is  there  just  the  same.  The  petroleum  industry  needs 
both  the  practical  type  of  research  concerning  the  imme- 
diate problems  at  hand  and  that  of  a  more  scientific 
nature  which  furnishes  fundamental  data. 

Perhaps  the  most  important  problem  today  is  a  study 
of  the  better  utilization  of  the  fuel-oil  fraction  of  our 
crude  oil.  Fifty-five  to  60  per  cent  of  the  crude  oil  pro- 
duced in  the  United  States  is  burned  directly  under 
boilers  to  produce  steam,  and  this  percentage  indicates 
the  importance  of  the  problem.  It  seems  advisable  when 
we  have  a  limited  supply  of  fuel  oil  that  it  should  be 
utilized  so  as  to  go  around  as  far  as  possible.  There  are 
many  plants  where  the  needed  power  can  be  furnished  as 
readily  by  a  Diesel  engine  as  by  steam  turbines  or  other 
forms  of  steam  engine.  An  ordinary  steam-engine  power- 
plant  in  which  fuel  oil  is  burned  directly  under  boilers 
will  have  an  overall  efficiency  of  from  10  to  12  per  cent. 
If  this  same  fuel  oil  is  used  in  an  internal-combustion 
engine  of  the  Diesel  type,  the  efficiency  will  perhaps  be 
as  high  as  33  per  cent.  This  means  that  a  given  amount 
of  fuel  oil  will  yield  about  three  times  as  much  power. 
The  trend  at  present  therefore  should  be  toward  the  use 
of  Diesel-type  engines. 

Much  oil  is  needed,  however,  for  use  under  steam 
boilers  and  there  is  room  for  improvement  in  the  design 
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of  burners  for  handling  this  oil,  in  both  steam  atomizing 
and  mechanical  burners.  The  possibilities  of  such  in- 
vestigative work  were  indicated  when  boiler  inspectors 
in  California  in  the  service  of  the  United  States  Fuel 
Administration  demonstrated  that  fuel-oil  consumption 
of  almost  every  plant  inspected  could  be  reduced  from  5 
to  25  per  cent  by  making  simple  tests  and  repairs  which 
involved  no  new  purchases  of  expensive  equipment. 

Unsaturated  Hydrocarbons 

A  must  important  problem  today  is  the  better  utiliza- 
tion of  motor  fuels.  We  should  appreciate  that  sooner 
or  later  the  automobile  user  must  face  the  necessity  of 
using  motor  fuels  that  are  comparatively  high  in  un- 
saturated hydrocarbons.  Cracking  will  probably  become 
more  and  more  general  and  the  products  of  oil  from  oil 
shale  also  will  undoubtedly  be  high  in  unsaturated  hydro- 
carbons. The  vast  deposits  of  asphalts,  heavy  oils,  tars, 
oil  sands  and  oil  shales  located  throughout  the  different 
parts  of  the  United  States,  Canada  and  the  South  Ameri- 
can countries  will  undoubtedly  furnish  some  of  our 
future  gasoline.  The  possibility  of  the  recovery  of 
lighter  oils  from  these  sources  should  be  investigated, 
for  the  supply  is  almost  unlimited.  The  Bureau  of  Mines 
has  been  working  on  this  problem  for  a  couple  of  years 
and  has  demonstrated  on  a  laboratory  scale  that  it  is 
possible  to  recover  the  oil  from  the  oil  sands  and  to  even 
recover  from  the  heavy  asphalts  light  oils  with  a  gaso- 
line content  of  perhaps  20  per  cent.  The  results  of  this 
work  indicate,  however,  that  we  can  expect  such  oils  to 
be  highly  unsaturated.  Investigations  should  be  made 
to  know  which  of  the  unsaturated  hydrocarbons  are 
harmful,  whether  they  can  be  eliminated  and  how  they 
can  be  distinguished  one   from  another. 

Lubricating  Oils 

Perhaps  one  of  the  most  neglected  branches  of  in- 
vestigative work  of  the  petroleum  industry  is  the  scien- 
tific study  of  lubrication.  Most  users  have  little  idea  of 
the  proper  lubricant  for  their  special  purposes.  Con- 
sumers continue  to  use  a  certain  lubricant  for  the  rea- 
son that  it  gives  a  fairly  satisfactory  result.  They  are 
not  informed,  however,  as  to  the  reason  some  lubricants 
work  in  some  cases,  while  they  do  not  work  in  others. 

A  most  important  problem  in  refining  engineering  is 
the  production  of  cylinder  oils  for  steam  and  gas  engines 
from  crudes  other  than  those  of  the  Appalachian  district. 
Today  a  large  part  of  the  cylinder  stock  is  obtained  from 
Appalachian  crude  and  knowledge  of  how  to  treat  other 
crudes  is  very  limited.  We  have  apparently  been  willing 
to  accept  this  condition  without  studying  the  possibilities 
of  the  various  fields. 

Greater  Recovery  of  Oil 

Research  problems  are  by  no  means  limited  to  chem- 
ist ry  and  refining,  for  there  are  real  opportunities  for 
engineering  and  investigative  work  in  the  production 
of  petroleum  in  the  fields.  It  has  been  stated  that  per- 
haps 80  per  cent  of  the  original  cil  is  left  in  the  sand  due 
to  the  exhaustion  of  the  gas.  The  manner  in  which  gas 
serves  as  an  expulsive  medium  was  made  clear  by  an 
experiment  in  which  a  steel  container  about  3  ft.  long 
and  3  in.  in  diameter  was  filled  with  sand  which  was  then 
thr  roughly  saturated  with  oil.  The  amount  of  oil  intro- 
duced was  known  by  weight  and  measurement.  After 
the  sand  had  been  saturated,  gas  was  forced  into  the 
container  under  a  pressure  of  200  lb.  per  sq.  in.  Then  a 
valve  at  one  end  was  opened  and  the  gas  allowed  to 
escape,  bringing  with  it  perhaps  18  per  cent  of  the  oil 


put  into  the  container.  In  other  experiments  the  amount 
of  oil  recovered  varied  from  15  to  25  per  cent,  depending 
on  the  pressure  and  other  conditions.  After  the  gas  had 
forced  out  18  per  cent  of  the  oil,  the  container  was  held 
in  a  vertical  position  for  the  purpose  of  determining  how 
much  oil  would  drain  out,  but  the  capillary  force  exerted 
on  the  oil  was  so  great  that  only  a  negligible  quantity  of 
oil  drained  from  the  sand.  In  other  words,  this  simple 
experiment  emphasized  the  fact  that  gas  is  the  predomi- 
nant factor  in  moving  the  oil  to  the  well  and  that  when 
the  gas  is  gone,  the  production  is  gone.  In  any  event  it 
is  unquestionable  that  large  quantities  of  oil  are  left 
underground  and  whether  the  figure  is  80  or  60  per  cent, 
it  is  too  large.  Obviously  we  should  start  work  to  deter- 
mine means  for  obtaining  a  greater  recovery. 

In  certain  parts  of  the  Appalachian  Fields,  the  prac- 
tice of  forcing  compressed  air  or  gas  into  a  central  well, 
whence  it  goes  to  adjoining  wells  and  carries  the  oil 
with  it,  has  caused  wells  to  produce  as  much  oil  as  they 
had  up  to  the  point  when  considered  ready  for  aban- 
donment. There  are  undoubtedly  other  means  of  ef- 
fecting a  greater  recovery  and  these  questions  should 
be  studied  and  applied  before  the  wells  are  abandoned. 

In  connection  with  the  prospect  of  there  being  in 
operation  in  this  Country  within  the  next  few  years 
15,000,000  automobiles,  Mr.  Ambrose  called  attention 
to  the  fact  that,  although  owing  to  the  recent  indus- 
trial depression,  the  copper  industry  is  using  7,000,000 
bbl.  less  gasoline  per  year  than  normal,  and  the  ships 
are  taking  less  oil  from  the  market,  nevertheless  the 
consumption  of  gasoline  has  been  greater  currently  than 
ever  before.  He  said  that  the  supply  of  shale  oil  is  esti- 
mated conservatively  at  100,000,000,000  bbl.,  and  that 
Canada,  Mexico  and  South  America  have  extensive  oil 
outcroppings  in  one  form  or  another. 

ROBERT  E.  WILSON 

Asserting  that  the  volatility  of  motor  fuel,  which  is 
the  property  of  greatest  importance  as  regards  the  be- 
havior of  fuel  in  a  manifold,  is  not  defined  by  the  usual 
distillation  test,  Prof.  Robert  E.  Wilson,  director  of  the 
research  laboratory  of  applied  chemistry  of  Massachu- 
setts Institute  of  Technology,  outlined  the  characteristics 
involved.  His  address  is  given  substantially  in  full  be- 
low, as  it  is  felt  that  what  he  had  to  say  is  of  such  un- 
usual importance  that  it  should  be  recorded  promptly. 
His  topic  was 

How  Can  We  Measure  the  True  Volatility  of 
Motor  Fuel? 

I  believe  that  everyone  here  realizes,  at  least  in.  a  quali- 
tative way,  the  importance  of  volatility  in  ease  of  start- 
ing, in  distribution,  in  fuel  economy  and  in  crankcase 
dilution.  For  that  reason,  both  the  producers  and  the 
consumers  have  placed  great  emphasis  upon  the  distil- 
lation test  and  upon  specifications  based  upon  that  test. 

It  is  my  purpose  to  show  that  the  distillation  test  as 
at  present  conducted,  as  a  whole  or  any  part  thereof, 
is  not  a  satisfactory  measure,  either  of  the  ease  of  start- 
ing or  of  the  ease  of  securing  proper  distribution  by  com- 
plete vaporization.  Along  with  proper  distribution  comes, 
of  course,  the  question  of  fuel  economy  and  crankcase 
dilution. 

I  shall  discuss  the  topic,  "How  can  we  measure  the 
true  volatility  of  motor  fuel  for  the  purpose  for  which  it 
is  to  be  used?  and  the  related  question.  How  can  we  draw- 
up  specifications  that  will  insure  getting  what  the  con- 
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TI1K  various  methods  employed  to  measure  detona- 
tion or  fuel  knock  in  an  internal-combustion  en- 
trine,  such  as  the  listening  indicator,  temperature  and 
bouncing-pin,  are  discussed  and  the  reasons  all  but  the 
last  cannot  be  employed  to  give  satisfactory  indica- 
tions of  the  detonation  tendencies  of  fuels  are  given. 
The  bouncing-pin  method,  which  is  a  combination  of 
the  indicator  developed  by  the  author  and  the  appara- 
tus designed  by  Dr.  H.  C.  Dickinson  at  the  Bureau  of 
Standards,  is  illustrated  and  described.  In  this  method 
the  evolution  of  gas  from  an  electrolytic  cell  contain- 
ing sulphuric  acid  and  distilled  water  measures  the 
bouncing-pin  fluctuations  in  a  given  period  of  time. 
The  accuracy  of  this  method  of  comparison  is  brought 
out   in   a    table. 

The  qualities  that  a  standard  fuel  must  possess  are 
explained  and  the  objections  to  a  special  gasoline  are 
pointed  out.  The  use  of  a  combination  of  a  non-de- 
tonating and  a  detonating  fuel  as  the  standard  is  de- 
veloped and  the  reasons  that  led  to  the  use  of  hexane 
with  diethyl  selenide  and  isopropyl  nitrite  for  a  fuel 
standard  are  mentioned. 

THE  detonation  that  occurs  in  the  combustion  of 
compressed  mixtures  of  gasoline  and  air  has  inter- 
posed an  effective  barrier  to  obtaining  higher 
thermal  efficiencies  from  automotive  engines.  Because 
the  degree  of  detonation,  which  in  conformity  with  what 
is  becoming  general  practice  is  the  term  used  in  this 
paper  to  designate  the  fuel  knock,  increases  with  compres- 
sion the  compression-ratio  at  which  engines  can  be  run  on 
commercial  gasoline  is  limited,  and  on  account  of  this  lim- 
itation the  fuel  economies  obtained  from  gasoline  engines 
have  been  unnecessarily  low.  In  spite  of  the  importance 
of  this  factor  and  the  attention  that  has  been  devoted  to 
it  during  the  last  few  years,  no  accurate  method  has  so 
far  been  presented  for  measuring  its  intensity.  The  pur- 
pose of  this  paper  is  to  discuss  the  various  methods  that 
have  been  used  for  observing  or  measuring  detonation  in 
engines,  and  to  describe  a  new  and  accurate  method  for 
measuring  the  intensity  of  detonation. 

Three  elements  are  of  primary  importance  in  a  uni- 
versal method  for  measuring  the  intensity  of  detonation. 
First,  the  method  should  embody  a  means  for  indicating 
the  relative  intensities  of  different  detonation  waves. 
Second,  it  should  comprise  a  means  of  integrating  the 
intensities  of  individual  waves  over  a  period  of  time,  and 
of  yielding  a  numerical  value  as  a  result,  which  is  accu- 
rate and  can  be  duplicated  by  others  using  the  same 
method.  Third,  a  standard  fuel  should  be  used  as  a 
basis  of  comparison,  so  that  the  results  obtained  can  be 
repeated  by  different  observers  and  under  different  con- 
ditions. 

M  9  A  B. — Chief  engineer,  fuel  research   section.   General   Motors 
Research  Corporation  i  ihlo. 

r,   fuel   section,   General    Motors   Research   Cor- 
poration. Dayton,  Ohio. 


TABLE    1  —  METHODS    OF    OBSERVING    DETONATION 
Method  Nature  of  Record 

Listening  Descriptive    phrases,    spark-adv&nce, 

manifold  vacuum,  or  compression 
Indicator  Direct  observation  or  photograph 

Temperature  Degrees  change  in  temperature 

Bouncing-Pin         Volume  of  gas  evolved  per  minute 

In  Table  I  are  listed  four  different  methods  of  measur- 
ing detonation  and  the  type  of  record  that  is  possible  in 
each  case.  These  methods  will  now  be  discussed  in  the 
order  given.  The  spectroscope  has  been  used  to  a  con- 
siderable extent  by  this  laboratory  for  studying  combus- 
tion in  engines.  It  is  hoped  that  further  development 
will  show  that  this  instrument  can  be  used  as  a  very 
interesting  and  highly  accurate  means  of  comparing  one 
combustion  with  another. 

Listening  Method 
Observations  of  the  intensity  of  detonation  are  gener- 
ally made  by  the  listening  method.  The  observer  listens 
to  "the  detonation  in  an  engine  and  on  the  basis  of  what 
he  hears  decides  as  to  its  intensity.  The  result  that  is 
obtained  cannot  be  very  accurate,  and  it  necessarily  de- 
pends largely  upon  the  personal  equation,  or  the  tem- 
perament of  the  observer.  The  record  has  been  some- 
thing as  follows:  "slight  pinking,"  "decided  detonation," 
"severe  detonation";  and,  for  denoting  extreme  condi- 
tions, such  expressions  as  "very  violent  detonation,"  or 
"it  can  be  heard  across  a  10-acre  lot." 

This  method  is  improved  by  recording  the  spark- 
advance  necessary  to  produce  some  critical  degree  of  de- 
tonation that  the  observer  believes  his  hearing  is  trained 
to  detect  accurately,  or  by  making  use  of  some  other  fac- 
tor such  as  intake-manifold  vacuum,  variable-compres- 
sion engines,  or  water-temperature  readings.  All  of 
these  variations  of  the  method  depend  for  their  value 
upon  the  keenness  and  accuracy  with  which  the  observer 
can  detect  slight  changes  in  the  intensity  of  detonation. 
It  has  been  found  that  an  observer  in  a  car  on  the 
road  and  on  known  hills  gets  results  that  are  reasonably 
consistent.  In  the  dynamometer  room,  however,  with 
the  attendant  confusion  of  engine  noises  the  results  of 
the  most  careful  observers  are  erratic  and  inaccurate. 
In  fact  the  best  trained  ear  in  our  organization  is  barely 
able  to  detect  a  difference  in  operation  between  straight 
gasoline  and  gasoline  with  an  addition  of  20  per  cent  of 
kerosene.  This  is  an  error  approximately  four  times  as 
great  as  can  be  detected  on  the  road.  Something  better 
than  the  personal  hearing  of  the  investigator  is  essen- 
tial if  small  differences  in  the  behavior  of  fuels  are  to 
be  studied. 

Indicator  Method 
The  use  of  an  indicator  for  determining  the  intensity 
of  detonation  is  a  decided  improvement  over  the  listen- 
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Fig.  1 — Indicator-Cards,  the  Top  One  Showing  a  Normal  Combus- 
tion and  That  Underneath  One  in  Which  Detonation  Occurred 

ing  method.  We  have  been  using  such  an  instrument  for 
several  years.  It  is  substantially  as  accurate  as  observa- 
tion by  ear  on  the  road.  In  employing  the  indicator  for 
this  purpose  it  is  essential  that  pressure-time  cards  be 
used.  It  is  evident  that  fuels  giving  the  same  intensity 
of  detonation  will  give  indicator-cards  that  are  alike. 
The  accuracy  with  which  a  determination  of  the  intensity 
of  detonation  can  be  made  by  this  method  depends  upon 
the  ability  of  the  observer  to  compare  the  indicator-card 
of  the  fuel  under  examination  with  the  card  given  by 
some  standard  fuel.  Here  the  personal  equation  enters, 
and  it  is  largely  this  factor  that  makes  the  indicator 
method  of  measuring  detonation  unsuitable  for  accurate 
work.  In  Fig.  1  (at  the  top)  are  shown  indicator-cards 
of  a  normal  combustion  and  (underneath)  of  a  combus- 
tion in  which  detonation  has  occurred. 

Temperature  Method 

The  temperature  method  is  based  upon  the  measure- 
ment of  the  change  in  temperature  incident  to  detonation. 
The  use  of  the  temperature  factor  for  this  purpose  was 
suggested,  we  believe,  by  Doctor  Winchester,  of  the 
Standard  Oil  Co.  of  New  Jersey.  It  has  been  observed 
for  some  time  that  a  general  overheating  of  the  engine 
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Fig  2 — At  the  Upper  Left  the  Standard  Pressure-Element  of 
the  Midgley  Indicator  Approximately  One-third  Its  Actual 
Size  and  in  the  Other  Portion  the  Knock-Indicator  That  Was 
Developed  from  This  Pressure-Element  to  Embody  a  Bouncing- 
Pin 


apparently  occurs  during  detonation :  the  excellent  work 
done  by  the  Bureau  of  Standards  established  this  fact 
beyond  question. 

In  our  use  of  this  method  a  thermocouple  was  placed 
in  such  a  position  that  it  would  be  quickly  affected  by  a 
change  in  the  temperature  of  the  internal  walls  of  the 
engine.  The  terminals  of  the  thermocouple  were  con- 
nected in  a  circuit  in  which  was  placed  a  very  sensitive 
galvanometer.  This  gave  a  striking  method  for  deter- 
mining in  a  qualitative  way  the  effects  of  small  per- 
centages of  different  materials  toward  inducing  or  sup- 
pressing detonation. 

But  the  method  was  not  satisfactory  for  making  quan- 
titative measurements  of  these  effects.  The  reason  for 
this  is  simple.  Of  the  temperature,  as  shown  by  the 
thermocouple,  150  deg.  cent.  (302  deg.  fahr.)  is  attribut- 
able to  the  normal  operation  of  the  engine;  and,  in  the 
case  of  a  detonating  combustion,  there  is  added  to  this 
another  50  deg.  or  so  which  is  attributable  to  the  de- 
tonation. It  is  evident  that  any  minor  disturbance  of 
the  normal  operation  of  the  engine  will  affect  the  tem- 
perature that  is  due  to  normal  operation  to  such  an  ex- 
tent as  to  represent  a  large  percentage  of  the  change  in 
temperature  that  would  ordinarily  be  due  to  detonation; 
so  that,  unless  an  impracticable  amount  of  care  be  taken 
to  hold  all  engine  conditions  constant,  large  errors  are 
introduced  into  the  reading  of  the  temperature-change 
that  is  apparently  due  to  detonation.  For  this  reason  the 
temperature  method  was  found  to  be  unsuitable  for  our 
work,  in  which  quantitative  data  were  essential. 

Bouncing-Pin  Method 

We  recently  had  occasion  to  measure  the  influence  upon 
combustion  of  small  amounts  of  a  number  of  materials, 
some  of  which  have  weak  detonation-inducing  properties 
and  others  are  very  weak  suppressors  of  detonation.  It 
was  essential  that  these  slight  effects  be  measured  with 
sufficient  accuracy  to  permit  a  proper  classification  of  the 
materials.  We  felt  that  at  the  same  time  it  would  be 
highly  desirable  to  develop  for  measuring  and  recording 
the  intensity  of  detonation  a  system  that  would  lend  itself 
to  the  commercial  testing  of  fuels.  With  these  things 
in  mind,  we  began  the  development  of  a  method  to  yield 
results  of  a  high  degree  of  accuracy  and  give  numerical 
values  that  could  both  be  obtained  rapidly  and  duplicated 
by  different  observers.  The  result  of  this  effort  has  been 
the  development  of  an  apparatus  and  procedure  by  which 
can  be  measured  the  effect  of  the  addition  of  as  little  as 
2  per  cent  of  kerosene  to  gasoline.  This  is  several  times 
as  accurate  as  measurements  can  be  made  by  the  listen- 
ing method  under  similar  conditions. 

An  essential  feature  of  the  apparatus  is  a  modified 
form  of  Dr.  H.  C.  Dickinson's  bouncing-pin.  The  small 
drawing  in  the  upper  left  corner  of  Fig.  2  illustrates  the 
standard  pressure-element  of  the  Midgley  Indicator  that 
was  developed  by  our  organization  some  years  ago.  A 
small  piston  will  be  observed  in  the  end  of  the  pressure 
element  which  is  designed  to  come  flush  with  the  head  of 
the  combustion-chamber  and  transmit  its  motion,  re- 
sulting from  pressure  against  the  resisting  spring, 
through  a  connecting-rod  to  an  oscillating  mirror  on  the 
top  of  the  pressure  element. 

The  other  portion  of  Fig.  2  shows  the  knock-detector, 
a  part  of  which  was  a  development  of  this  pressure-ele- 
ment to  embody  a  bouncing-pin.  The  standard  piston, 
spring  and  housing  of  the  pressure  element  have  been 
used,  and  on  top  of  the  piston  has  been  placed  a  rod  or 
bouncing-pin  that  rests  on  the  piston  by  gravity.  In 
order  to  keep  the  bouncing-pin  free  from  a  small  but  un- 


Vol.  X 


January,  1922 


No.  1 


METHODS  OF  MEASURING  DETONATION  IN   ENGINES 


desirable  deposit  of  gum  that  reduced  its  sensitiveness 
to  some  extent,  it  was  found  of  advantage  to  drill  a  num- 
ber of  small  holes  in  the  outer  shell  of  the  pressure  ele- 
ment. If  the  superstructure  or  contacting  device  were 
removed  and  the  rod  allowed  to  have  free  play,  it  would 
be  observed  that,  daring  normal  combustion,  the  rod 
moved  up  and  down  very  slightly  due  to  its  following  the 
movement  of  the  piston  resulting  from  normal  pressure- 
changes  in  the  cylinder.  But  when  a  detonation  occurred 
the  rod  would  jump  upward  a  noticeable  distance  and 
entirely  clear  of  the  piston.  In  fact  we  have  seen  the 
bouncing-pin  jump  as  high  as  1%  in.  above  its  normal 
position.  As  a  means  of  measuring  detonation  the  ap- 
paratus, even  in  this  form,  is  a  distinct  improvement  over 
the  ear  of  a  careful  and  experienced  observer.  But, 
since  two  successive  explosions  are  rarely  exactly  alike, 
sufficiently  accurate  observations  could  not  be  made  by 
its  use  alone. 

To  secure  the  desired  degree  of  accuracy  it  was  nec- 
essary to  obtain  an  integration  of  the  fluctuations  of  the 
pin  over  a  period  of  time.  This  was  accomplished  by 
arranging  contact-points  held  in  position  in  an  electric 
circuit  by  springs  in  such  a  way  as  to  be  closed  when  the 
bouncing-pin  was  thrown  free  of  the  piston.  An  inte- 
gration of  the  length  of  time  the  contact-points  were 
closed  was  then  obtained  by  measuring  the  volume  of 
gas  evolved  during  a  1-min.  period  by  an  electrolytic  cell 
placed  in  series  with  the  contact-points.  To  the  cell, 
which  contained  a  10-per  cent  solution  of  sulphuric  acid 
in  distilled  water,  110  volts  direct  current  was  applied 
through  a  resistance  unit,  this  high  voltage  being  used 
to  reduce  polarization.  Platinum  electrodes  were  used  in 
the  cell  which,  as  is  shown  in  the  lower  right  corner  of 
Fig.  2,  was  designed  so  that  the  evolved  gas  is  automati- 
cally collected  in  a  slender  graduated  tube  at  the  top 
where  its  volume  can  be  easily  noted.  Since  a  fuel  under 
examination  was  always  compared  with  another  of  known 
properties  that  was  run  immediately  before  and  after,  no 
correction  of  the  volume  of  gas  was  made  for  tempera- 
ture or  for  the  slight  liquid  pressure  resulting  from  the 
design  of  the  apparatus. 

In  our  work,  which  was  done  on  a  single-cylinder  en- 
gine equipped  with  a  mixing-valve,  the  rapid  and  com- 
plete changing  of  the  fuel  entering  the  engine  when  de- 
sired was  facilitated  by  the  use  of  a  special  fuel-system. 
This  device  consists  of  two  carbureter  float-bowls,  ar- 
ranged to  be  adjustable  for  vertical  position,  and  two 
vertical  glass  tubes  placed  side  by  side,  each  connected 
at  its  bottom  to  one  of  the  float-bowls.  Each  of  the  tubes 
was  in  turn  connected  to  a  three-way  stopcock  from  which 
a  single  fuel-line  ran  to  the  mixing-valve  on  the  engine. 
This  arrangement  permitted  rapid  switching  from  one 
fuel  to  another  maintained  at  exactly  the  same  level.  A 
means  was  provided  for  the  complete  draining  of  the 
part  of  the  fuel  system  not  in  use,  to  permit  the  ready 
substitution  of  different  fuels. 

Table  2  is  given  as  an  illustration  of  the  accuracy  with 
which  one  fuel  can  be  compared  with  another  by  the 
bouncing-pin  method.  The  results  were  obtained  by  run- 
ning mixtures  of  kerosene  and  gasoline  that  were  pre- 
pared by  another  person  than  the  operator  against  vari- 
ous blends  of  known  composition  and  containing  the  same 
ingredients.  The  composition  of  the  fuel  under  examina- 
tion was,  of  course,  unknown  to  the  operator.  The  aver- 
age error  for  the  six  determinations  given  in  Table  2 
is  1.75  per  cent. 

As  previously  stated,  this  method  for  measuring  de- 
tonation in  the  combustion  of  compressed  mixtures  of 
fuel  and  air  was  developed  primarily  to  compare  in  an 


TAHLE   2 — ACCURACY   OK   THE    llolINCING-PIN    METHOD   FOR 
COMPARING  FUELS 


\,-t  ual  h    | 

Kerosene  as 

in  the  Blend, 

Determined, 

Error, 

per  ci 

per  cent 

per  cent 

37.60 

38.75 

1.25 

35.00 

35.75 

0.75 

::::.00 

36.00 

3.00 

40.00 

42.75 

2.75 

33.30 

34.50 

1.20 

46.60 

48.20 

1.60 

accurate  manner  the  relative  Strength  of  different  anti- 
knock materials  for  the  suppression  of  detonation.  Some 
results  which  were  obtained  in  this  work  are  shown 
graphically  in  Fig.  3.  Aniline  was  used  as  the  standard 
for  the  measurements,  the  determinations  were  made  on 
an  engine  of  75-lb.  compression,  and  the  same  kerosene 
was  used  as  fuel  throughout  the  tests. 

Fuel  Standards  for  Use  in  Measuring  Detonation 

Because  the  intensity  of  detonation  as  it  occurs  in  en- 
gines varies  with  so  many  factors  in  addition  to  the  char- 
acter of  the  fuel,  it  is  essential  in  measuring  the  detonat- 
ing tendency  of  a  fuel  that  it  be  compared  directly  with  a 
standard  run  at  the  same  time  and  under  the  same  con- 
ditions. Such  factors  as  spark-advance,  intake-manifold 
vacuum,  or,  for  that  matter,  the  compression  at  which 
a  fuel  detonates,  are  functions  of  the  engine  as  well  as 
of  the  fuel. 

Let  us  consider  what  constitutes  an  ideal  standard 
fuel  for  comparative  purposes.  It  would  appear  that  the 
setting  aside  of  a  limited  quantity  of  a  special  gasoline, 
which  of  necessity  must  have  an  indeterminate  compo- 
sition, is  comparable  to  the  use  of  the  distance  from  the 
king's  nose  to  his  thumb  as  the  standard  for  the  yard, 
instead  of  a  bar  made  of  bronze.  Just  as  the  length  of 
the  yard  under  such  a  condition  would  not  be  the  same 
on  two  different  occasions,  so  the  composition  of  the  re- 
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serve  gasoline  would  vary  from  time  to  time  unless  it 
were  sealed  in  an  air-tight  way.  Furthermore,  since  this 
reserve  material  must  be  used  in  making  tests,  it  must 
be  replaced  sooner  or  later.  Any  oil  technologist  knows 
that  it  would  be  practically  impossible  to  obtain  an  addi- 
tional supply  of  exactly  the  same  material.  On  account 
of  these  factors  a  mixture  of  hydrocarbons  of  indefinite 
composition  is  unsuitable  for  use  as  a  universal  stand- 
ard in  this  work.  Only  such  fuel  standards  as  single  and 
pure  hydrocarbons  should  be  used.  With  a  pure  hydro- 
carbon as  a  standard  fuel,  additional  supplies  of  the 
standard  could  be  prepared  at  any  time  by  any  one  hav- 
ing need  for  such  a  material. 

For  meeting  these  requirements  it  appeared  that  a 
considerable  advantage  would  be  obtained  by  the  use  of 
two  materials,  one  of  which  would  not  detonate  even  at 
very  high  compressions,  and  the  other  give  a  violent  de- 
tonation at  ordinary  compressions.  The  measure  of  the 
intensity  of  the  detonation  given  by  a  fuel  under  exam- 
ination would  then  be  the  relative  percentages  of  these 
two  standards  required  to  give  a  blend  of  exactly  the 
same  detonating  tendency  as  the  fuel  being  measured. 
These  materials  must  be  such  that  an  investigator  will 
have  little  difficulty  in  procuring  them  in  a  pure  state. 

On  first  thought  it  might  appear  that  benzene  or  tolu- 
ene could  be  used  as  the  non-detonating  fuel  and  that 
sulphuric  ether  could  be  used  as  the  detonating  fuel.  But 
blends  of  such  materials  as  ether  and  benzene  or  toluene 
are  very  difficult  to  work  with,  because  the  intensity  of 
detonation  is  extremely  susceptible  to  slight  changes  in 
the  fuel-to-air  ratio.  In  the  case  of  an  ether-benzene  fuel 
a  rich  mixture  gives  a  very  much  more  intense  detona- 
tion than  a  theoretical  or  lean  mixture.  Thus  a  fuel  of 
such  a  composition  that  gives  no  detonation  with  a  proper 
mixture  may  detonate  very  violently  when  running  on  a 
rich  mixture,  all  other  conditions  remaining  the  same. 

This  erratic  operation  of  ether-benzene  or  ether-tolu- 
ene blends  is  probably  due  to  the  fact  that  with  rich 
mixtures  the  engine  runs  on  the  ether  in  preference  to 
the  benzene.  The  two  materials  are  dissimilar  in  compo- 
sition, and  the  ether  is  the  more  volatile  ingredient. 
Blends  of  benzene  and  paraffin  hydrocarbons  exhibit  the 
same  characteristic.  Thus  a  blend  of  benzene  and  kero- 
sene that  gives  a  decided  detonation  with  a  theoretical 
fuel-to-air  ratio  will  show  a  rapid  reduction  in  intensity 
of  detonation  as  the  fuel-to-air  ratio  is  increased ;  so  that, 
with  such  blends,  unless  seme  accurate  form  of  instru- 
ment is  used  to  measure  the  air  entering  the  carbureter, 
the  change  of  intensity  of  detonation  with  that  of  the 
mixture  ratio  is  so  great  that  the  measurement  of  the 
detonating  tendency  of  a  fuel  cannot  be  made  with  a 
proper  degree  of  accuracy. 

Again,  if  a  fuel  such  as  benzol,  which  is  dissimilar  in 
composition  from  most  commercial  gasolines,  be  blended 
with  5  per  cent  of  a  compound  such  as  isopropyl  nitrite, 
which  is  a  material  that  induces  detonation,  and  this 
mixture  run  in  an  engine  having  a  compression  of 
75  lb.  no  detonation  will  occur.  But,  if  this  benzol- 
isopropyl  nitrite  fuel  be  blended  with  an  equal  volume 
of  gasoline,  which  alone  does  not  detonate  in  an  engine 
of  75-lb.  compression,  the  engine  will  develop  a  violent 
detonation  when  running  on  the  resulting  mixture  of  the 
two  fuels.  A  similar  detonation  will  develop,  if,  while 
running  on  the  benzol-  isopropyl  nitrite  fuel,  a  change  be 
made  to  straight  gasoline.  But  in  the  latter  case  the 
detonation  will  entirely  disappear  as  soon  as  the  traces 
of  the  benzol-isopropyl  nitrite  fuel  are  completely  washed 
from  the  fuel-lines  by  the  gasoline.  This  behavior  of 
benzol  blends  is  equally  characteristic  of  other  fuels,  such 


as  alcohol,  that  are  dissimilar  in  composition  and  proper- 
ties from  the  paraffin  hydrocarbons  that  make  up  the 
greater  percentage  of  our  commercial  gasolines. 

On  account  of  such  limitations  it  appears  that  the  fuels 
that  are  used  for  a  measuring  scale  should  be  derived 
from  either  the  paraffin  or  the  naphthene  series  of  hydro- 
carbons. This  will  insure  that  their  characteristics  when 
blended  will  not  be  erratic  and  that  there  will  be  no  ex- 
treme degree  of  detonation  during  the  time  within  which 
the  fuels  are  being  changed  on  the  running  engine  when 
commercial  internal-combustion  engine  fuels  are  being 
examined.  Cyclohexane,  which  is  the  cheapest  pure  hy- 
drocarbon of  the  naphthene  series,  is  too  expensive  for 
such  a  purpose,  since  it  costs  under  present  conditions 
about  $15  per  gal.  Only  hydrocarbons  of  the  paraffin 
series,  therefore,  appear  to  be  available.  The  cost  of 
,  preparing  pure  paraffin-hydrocarbons  further  limits  a 
choice  to  pentane  and  hexane.  Moreover,  the  low  boiling- 
point  of  pentane,  97  deg.  fahr.,  makes  it  unsuitable  for 
use  as  a  standard  fuel.  It  appears,  therefore,  that  hexane 
is  the  only  material  that  is  suitable  for  use  as  the  basis 
of  the  system  of  standard  fuels. 

Hexane  can  be  prepared  in  considerable  purity  by  re- 
peated fractionation  of  casing-head  gasoline  from  the 
Pennsylvania  field.  It  boils  above  150  deg.  fahr.,  which 
is  considerably  higher  than  the  initial  boiling-point  of 
commercial  gasolines,  so  that  it  can  be  used  in  hot 
weather  without  boiling  in  the  fuel-lines.  Because  it  is 
a  member  of  the  paraffin  series  of  hydrocarbons  its  struc- 
ture is  very  similar  to  that  of  the  principal  constituents 
of  commercial  motor  fuels.  It  therefore  appears  to  meet 
most  nearly  the  rigid  requirements  for  the  basis  of  the 
standard  fuels  for  use  in  the  measurement  of  detona- 
tion as  it  occurs  in  internal-combustion  engines. 

But  hexane  does  not  have  a  sufficient  tendency  to  de- 
tonate to  be  used  alone  for  the  upper  end  of  the  scale 
of  standard  fuels,  nor  is  it  sufficiently  free  from  ten- 
dency toward  detonation  to  be  used  as  the  fuel  for  the 
lower  end  of  the  scale.  This  difficulty  may  be  overcome 
by  taking  hexane  as  the  basis  of  the  fuels  at  both  ex- 
tremes of  the  scale,  and  adding  to  one  portion  a  detona- 
tion-inducing material  to  give  the  fuel  greater  tendency 
to  detonate,  and  to  another  portion  an  anti-detonating 
material  to  make  the  fuel  of  lesser  tendency  to  detonate. 
The  standard  scale  would  then  lie  between  these  two 
fuels,  and  the  point  on  the  scale  representing  the  ten- 
dency of  a  fuel,  X,  to  detonate  would  be  designated  by 
the  relative  percentages  of  the  two  standards  required 
to  give  a  fuel  of  the  same  characteristics  as  X  from  the 
standpoint  of  detonation. 

A  survey  of  the  known  materials  that  may  be  added 
to  hexane  for  producing  the  above-mentioned  effects 
indicates  that  isopropyl  nitrite  is  most  suitable  for  the 
detonation-inducing  material,  and  that  diethyl  selenide 
is  best  suited  for  the  detonation-suppressing  material. 
Of  the  considerable  number  of  other  compounds  that 
might  appear  suitable  for  use  in  this  connection,  none 
can,  for  one  reason  or  another,  be  used  for  the  purpose. 
For  example,  aniline  cannot  be  used  in  a  solution  in 
which  isopropyl  nitrite  is  present,  because  of  a  reaction 
that  takes  place  between  the  two  materials.  Isopropyl 
nitrite  is  very  effective  for  inducing  detonation,  and 
diethyl  selenide  is  about  10  times  as  effective  as  aniline 
for  suppressing  detonation.  Both  of  these  materials 
can  be  easily  prepared,  they  are  reasonably  cheap,  and 
both  have  the  advantage  of  ready  solubility  in  petroleum 
oils. 

A  considerable  amount  of  work  has  been  done  in  the 
measurement  of   the   detonating   tendencies   of   fuels   by 
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the  bouncing-pin  method,  using  a  5-per  cent  solution  of 
isopropy]  nitrite  in  hexane  and  a  %-per  cent  solution  of 
diethyl  selenide  in  hexane,  respectively,  as  the  upper  and 
lower  ends  of  the  standard  scale.  Fig.  1  shows  graphi- 
cally some  results  that  were  obtained.  The  amount  of 
work  that  has  been  dune  so  far  in  which  such  a  fuel  sys- 
tem was  used  as  a  standard  has  not  been  suflicient  to 
establish  the  unquestionable  superiority  of  this  partic- 
ular system  of  fuels  for  use  under  all  conditions  in  the 
accurate  measurement  of  detonation  in  engines.  How- 
ever, in  the  use  that  has  been  made  of  these  standards, 
\er\  good  results  have  been  obtained;  and  it  seems  cer- 
tain that  the  ultimate  standard  fuels  will  consist  of  some 
form  of  detonation-inducing  and  anti-detonating  mate- 
rials dissolved  in  hexane. 

Conclusion 

An  accurate  observation  of  and  a  universal  means  for 
recording  the  intensity  of  detonation  as  it  occurs  in  com- 
bustion can  be  obtained  by  making  use  of  a  system 
comprising 

(1)  An  adaptation  of  Doctor  Dickinson's  bouncing-pin 

(2)  A  means  of  obtaining  an  integration  of  the  fluc- 

tuations of  the  pin  over  a  definite  period  of  time 

(3)  A   system   of  standard   fuels  based   upon    a   mem- 

ber of  the  paraffin  series,  preferably  hexane,  one 
portion  blended  with  a  detonation-inducing  mate- 
rial and  another  portion  blended  with  a  detona- 
tion-suppressing materia  1 
Such  a  system  when  used  by  the  ordinary  observer 
will  yield  results  that  can   be  duplicated  with  accuracy 
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Fig.   4 — Results  op  a  Comparison  by  the  Bouncing-Pin  Method 

op  Two    i- '     i       uiiii    a    SYSTEM    OF   Standard   Fuels 

Mixture  A  Was  Composed  of  95   Parts  of  Hexane  and   r>   Parts  or 

Isopropy  1    Nitrite   and    Mixture    1!    Was   Composed   of   99',i    Parts  of 

Hi  Kane  and   %   Part  of  Diethyl  Selenide 

from  day  to  day,  and  when  used  by  different  observers 
will  give  results  that  are  comparable. 


DECEMBER  COUNCIL  MEETING 


Till',  last  session  of  the  Council  was  held  in  Chicago  on 
Dec.  5,  during  the  week  of  the  annual  meeting  of  the 
American  Petroleum  Institute,  in  connection  with  which  pre- 
liminary conferences  were  held  by  the  Research  Committee 
and  the  officers  of  the  Society.  The  following  members  of 
the  Council  were  present:  President  Beecroft,  First  Vice- 
President  Horning,  Second  Vice-Presidents  Bachman,  Crane, 
Johnston  and  Menges,  Past-President  Vincent  and  Councilors 
Davis  and  Brush;  and  in  addition,  0.  C.  Berry,  V.  E.  Clark, 
H.  C.  Dickinson.  I'.  E.  Watts,  O.  W.  Young,  and  Chairman 
Pfeiffer  and  Secretary  Milton  of  the  Mid-West  Section  of 
the  Society. 

At  the  President's  Dinner  in  the  evening  at  the  Chicago 
Athletic  Association  there  were  present  also  Herbert  Chase, 
A.  W.  Ambrose  and  N.  A.  C.  Smith  of  the  Bureau  of  Mines, 
L.  C.  Freeman,  R.  O.  Hendrickson,  \V.  S.  lames,  E.  S.  Jor- 
dan, Thomas  Midgley,  Jr.,  Dent  Parrett,  Prof.  Daniel  Roesch, 
of  Armour  Institute  of  Technology,  Prof.  R.  E.  Wilson,  of 
Massachusetts  Institute  of  Technology,  O.  B.  Zimmerman, 
P.  S.  Tice  and  B.  B.  Ayers. 

Fifty-four  applications  for  individual  membership  and  19 
for  student  enrollment  were  approved,  as  well  as  the  follow- 
ing transfers  in  grade  of  membership:  Junior  to  Member, 
T.  J.  Gorman;  Associate  to  Member,  E  B.  Moore,  J.  D. 

Lannon ; Foreign  Member  to  Member,  Edward  C.  Lange. 

One  hundred  and  twenty-four  applications  for  membership 
were  received  during  October  and  November  as  compared 
with  200  for  the  same  two  months  of  1920.  On  Dec.  3  there 
were  524G  names  on  the  rolls  of  the  Society,  including  affil- 
iate member  representatives  and  enrolled  students,  as  com- 
pared with  5230  on  the  same  day  of  1920,  the  slight  differ- 
ence being  due  to  the  fact  that  6<>2  ceased  during  the  period 
to  be  members  principally  on  account  of  non-payment  of  dues. 

The  balance  sheet  as  of  Nov.  30  showed  a  deficit  of 
$1807.53  for  the  first  2  months  of  the  current  fiscal  year. 
This  deficit  is  less  than  that  authorized  by  the  budget  that 


was  approved  by  the  Council  in  September,  the  decision  hav- 
ing been  that  the  Society  should  proceed  this  year  in  an 
active  manner  doing  practically  all  of  the  work  it  had  done 
theretofore  and  in  addition  maintaining  the  Research  De- 
partment that  was  established  recently;  although  such  pro- 
cedure might  involve  greater  expenditure  than  income  of 
money  during  this  year.  The  income  during  October  and 
November  amounted  to  $35,525.84.  The  surplus  funds  of 
the  Society  amount  to  $136,817.94. 

A  comprehensive  report  was  received  from  the  Meetings 
Committee  with  regard  to  meetings  of  the  Society  to  be 
held  early  in  1922. 

The   following  appointments   on   Sectional   Committees   of 
the  American  Engineering  Standards  Committee  were  made: 
Insulated  Wires  and  Cables  F.  W.  Andrew 

Aeronautic  Safety  Code  G.  J.  Mead 

Ball  Bearings  L.  A.  Cummings 

A  report  was  received  from  the  Standards  Department  in 
the  matter  of  the  Standards  Committee  Division  reports  that 
it,  was  expected  would  be  submitted  for  consideration  at  the 
1922  Annual  Meeting  of  the  Society. 

Past-President  Alden  was  designated  as  chairman  of  a 
committee  of  live  that  is  to  be  organized  to  represent  the 
Society  in  cooperative  work  on  highway  matters  with  Govern- 
ment, engineering  and  trade  organizations.  It  is  contem- 
plated that  the  committee  will  also  do  some  independent 
work,  probably  in  conjunction  with  the  Research  Committee 
of  the  Society.  The  major  consideration  is  the  relation  be- 
tween the  automotive  vehicle  and  the  road,  this  involving  of 
course  the  relative  cost  of  highway  and  of  vehicle  mainte- 
nance. It  is  the  intention  of  the  Council,  which  appreciates 
fully  the  many  ramifications  involved  in  the  studies  required, 
that  the  Committee  shall  proceed  in  as  constructive  a  man- 
ner as  possible  on  all  of  these  matters  that  are  submitted  to  it. 

The  next  meeting  of  the  Council  will  be  held  in  New  York 
City  on  Jan.  9. 
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Manufacture  and  Application  of 
Automobile  Varnishes  and  Paints 


By  L.  Valentine  Pulsifer1 


Annual  Meeting  Paper 


DIVIDING  the  ability  of  an  automobile  finish  to 
remain  new  into  the  elements  of  proper  quality 
of  the  materials,  engineering  of  application  systems, 
methods  of  application  and  care  of  the  finish,  the  author 
states  that  the  responsibility  for  them  rests  jointly 
upon  the  manufacturer  of  the  varnishes  and  paints,  the 
builder  of  the  automobile  and  the  owner  of  the  finished 
product.  Five  basic  materials  that  are  necessary  in 
automobile  painting  are  specified  and  discussed. 

Engineering  systems  of  application  and  the  actual 
methods  of  application  are  treated  in  some  detail,  in- 
clusive of  drying,  and  of  surfacing  or  rubbing.  The 
care  of  the  finish  is  important  and  the  precautions 
necessary  in  this  regard  are  outlined.  The  paper 
deals  with  the  application  and  not  the  manufacture  of 
the  different  varnishes  and  paints  that  are  mentioned. 

THIS  subject  is  far  too  broad  to  be  covered  in  detail 
in  one  paper.  I  will  therefore  lay  greatest  stress 
on  the  problems  met  in  the  proper  application  of 
automobile  varnishes  and  paints,  rather  than  on  those 
involved  in  their  manufacture,  believing  that  it  is  the 
problem  of  application  that  interests  automotive  engineers 
chiefly.  The  importance  of  the  finish  of  an  automobile 
was  never  greater  than  it  is  to-day,  for  the  degree  of 
mechanical  excellence  already  reached  leaves,  as  the  most 
obvious  next  step  in  development,  a  still  further  improve- 
ment in  the  appearance  and  durability  of  the  finish.  This 
is  desirable,  first,  from  the  viewpoint  of  sales  appeal 
and,  second,  for  the  strength  that  satisfied  ownership 
gives  to  the  manufacturer  whose  car  not  only  continues 
to  be  good  mechanically  but,  in  addition,  continues  to  be 
new  in  appearance. 

The  ability  of  an  automobile  finish  to  remain  new  is 
the  product  of  four  elements,  the  slighting  of  any  one 
of  which  is  bound  to  be  fatal  to  satisfactory  results. 
These  four  elements  are  the  proper  quality  of  the  ma- 
terials, engineering  of  the  system,  methods  of  application 
and  care  of  the  finish  of  the  car.  The  responsibility  for 
these  four  essential  elements  is  divided  among  three  dif- 
ferent interested  parties :  the  maker  of  the  varnishes  and 
paints,  the  builder  of  the  automobile  and  the  owner  of 
the  finished  product.  Unless  all  three  do  their  share,  the 
production  and  retention  of  a  finish  that  remains  new 
are  utterly  impossible.  The  setting  forth  of  these  four 
elements  provides  a  natural  division  of  the  subject- 
matter  of  this  paper  into  materials,  systems,  methods 
and  care,  to  be  considered  in  the  order  named. 

Materials 

Under  the  subject  of  the  materials  that  go  into  the 
building  of  the  finish  of  an  automobile,  I  will  cover  cer- 
tain points  in  the  manufacture  of  varnish  that  will  help 
in  the  understanding  of  the  problems  met  in  its  applica- 
tion. There  are,  I  presume,  about  500  manufacturers  of 
varnishes  and  paints  in  the  United  States.  Not  more 
than  10  per  cent  of  these  make  any  attempt  to  manufac- 
ture materials  especially  adapted  for  use  in  large  auto- 
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mobile  or  body  plants,  and  not  much  over  1  per  cent 
exert  their  major  efforts  along  these  lines.  "Varnish" 
and  "paint"  may  be  made  by  a  man  with  a  minimum  of 
plant,  of  capital,  of  organization  and  of  stocks  of  ma- 
terial. On  the  other  hand,  they  may  be  manufactured 
by  a  company  with  millions  invested  in  plants,  equip- 
ment and  materials  both  raw  and  finished,  that  has  ex- 
tensive laboratories,  a  large  staff  of  scientific  and 
technical  experts  and  years  of  experience  in  a  highly 
specialized  branch  of  the  industry. 

Paint  covers  a  range  from  home-made  whitewash  to 
a  highly  technical  product  such  as  the  japan  color  used 
on  an  automobile.  Varnish  embraces  everything  from 
wall-size  to  wearing-body.  The  former  is  a  simple  solu- 
tion of  hardened  resin  in  benzine  and  the  latter  is  the 
acme  of  the  scientific  varnish-maker's  art.  I  use  the 
word  "art"  advisedly,  for  it  literally  requires  art  in 
addition  to  scientific  skill  and  unlimited  resources  to 
produce  in  its  most  highly  developed  form  the  final  flow- 
ing coat  of  varnish  that  completes  the  finish  of  an  auto- 
mobile. The  varnishes  that  are  used  in  automobile 
painting  are  all  oleo-resinous  varnishes  and  the  various 
pigmented  materials  that  are  used  to  bring  up  the  sur- 
face and  produce  the  desired  color,  ranging  from  the 
highly  elastic  and  impervious  primer  to  the  very  in- 
elastic and  somewhat  porous  japan  color,  can  be  classed 
as  varnish  paints.  Thus,  in  a  broad  sense,  varnish  forms 
the  basic  material  of  each  coat  that  goes  to  make  up  the 
completed  finish. 

Oleo-resinous  varnishes  contain  four  classes  of  ma- 
terial; gum  resins,  fixed  vegetable  drying-oils,  volatile 
vegetable  or  mineral  oils  and  metallic  driers.  The  gum 
resin  gives  to  the  varnish  hardness  and  brilliancy;  the 
fixed  vegetable  oil  imparts  elasticity  and  durability;  the 
metallic  driers  aid  the  film  to  absorb  oxygen  during  the 
drying  period;  and  the  volatile  oils  or  thinners  reduce 
the  varnish  to  a  workable  viscosity.  To  understand  the 
character  of  a"  dried  film  of  varnish,  the  volatile  oils,  er 
thinners,  having  evaporated,  can  be  disregarded.  The 
driers,  which  have  completed  their  function  in  assisting 
the  films  to  absorb  oxygen  and  become  hard,  can  be  dis- 
regarded also.  The  dried  varnish  can  be  considered  as 
an  alloy  of  gum  resin  and  fixed  vegetable  oil,  and  its 
character  and  performance  predicted  by  the  relative  pro- 
portions of  these  two  ingredients.  Varnishes  that  con- 
tain less  oil  than  gum  are  called  "short-oil"  varnishes, 
while  those  containing  more  oil  than  gum  are  termed 
"long-oil"  varnishes.  Most  rubbing  varnishes  fall  in 
the  short-oil  category,  while  all  finishing  varnishes  are 
long-oil  varnishes. 

The  quickest  rubbing-varnishes  sometimes  have  as 
much  as  two  parts  of  gum  to  one  of  oil.  Three  and  4-day 
rubbings  are  on  the  border-line  between  short  and  long- 
oil  varnishes,  some  of  the  4-day  rubbings  containing 
slightly  more  oil  than  gum.  Finishing-varnishes  range 
from  quick  gear-varnishes,  containing  about  two  parts 
of  oil  to  one  of  gum,  up  to  body  varnishes  running  as 
high  as  four  or  five  parts  of  oil  to  one  of  gum.    Of  course, 
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the  character  of  the  individual  materials  and  the  processes 
by  which  they  are  combined,  as  well  as  the  proportions 
in  which  they  are  "alloyed,"  help  to  determine  the  quality 
of  the  finished  varnish.  Considering  materials  of  similar 
quality,  the  short-oil  varnishea  are  quick-setting,  fast 
and  hard-drying,  inelastic  and,  if  exposed  to  the  weather 
or  even  to  extreme  changes  of  temperature  without  the 
protection  of  a  long-oil  finishing  varnish,  will  soon  crack 
and  perish.  On  the  other  hand,  the  long-oil  varnishes 
work  freely,  flow  smoothly,  set  slowly,  dry  and  harden 
gradually  and  possess  a  high  degree  of  elasticity.  The 
higher  the  percentage  of  oil  in  their  composition,  the 
greater  is  their  degree  of  elasticity  and  durability.  They 
do  not,  of  course,  dry  hard  enough  or  fast  enough  for 
use  in  the  rubbing  coats,  but  they  possess  the  durability 
necessary  to  afford  the  final  protection  for  the  whole 
paint  structure. 

The  japan  drier  or  grinding  japan  used  in  the  japan 
colors  and  some  of  the  other  automobile  undercoats,  is 
really  either  a  long  or  a  short-oil  varnish  in  which  is 
incorporated  a  very  high  percentage  of  metallic  drier. 
This  causes  the  film  to  dry  with  much  greater  rapidity 
than  would  be  the  case  with  a  normal  varnish  of  the 
same  gum-oil  ratio  and,  at  the  same  time,  reduces  the 
elasticity  very  greatly. 

In  the  production  of  high-grade  varnishes  extreme 
care  is  necessary  in  the  selection  and  testing  of  all  the 
raw  materials;  in  the  aging,  refining,  bleaching  and 
heat-treating  of  the  oils  and  in  the  melting  of  the  gums 
and  their  combination  with  the  oils.  Careful  testing  of 
the  base,  or  primary,  varnishes,  their  proper  storage  and 
selection  for  the  blending  or  mixing  process  in  the  forma- 
tion of  the  secondary  or  finished  varnishes  and,  finally. 
the  rigid  check-testing  against  standards  of  each  tank 
of  the  finished  product,  form  an  essential  part  in  the 
production  of  reliable  material.  A  full  description  of 
each  step  and  process,  from  the  time  of  arrival  of  the 
raw  material  at  the  plant  until  it  goes  out  a  year  or  so 
later  as  the  finished  article,  would  be  too  lengthy,  and  I 
will  therefore  proceed  with  the  description  of  the  various 
types  of  material  used  in  building  up  the  automobile 
finish  from  the  foundation  to  the  final  coat. 

Basic  Materials 

Five  basic  materials  are  used  in  automobile  painting; 
those  for  priming,  surfacing,  coloring,  rubbing  and  fin- 
ishing. Each  of  these  materials  performs  a  distinct  and 
different  function  and  all  are  necessary  links  in  the 
completed  chain. 

The  primer  forms  the  bond  between  the  surface  to  be 
painted  and  the  subsequent  coats  of  material.  It  is  the 
foundation  of  the  whole  structure.  It  must  be  of  suit- 
able nature  to  perform  its  duties  properly  and  be  applied 
over  a  surface  properly  prepared  to  receive  it.  There 
is  no  failure  worse  than  that  due  to  an  improper  primer, 
a  primer  that  is  improperly  applied  or  one  applied  on  a 
surface  not  in  condition  to  receive  it. 

The  surfacing  materials  are  used  for  the  purpose  of 
building  up  a  smooth  surface  on  which  to  apply  the  color, 
rubbing  and  finishing-coats.  There  are  two  types:  those 
surfaced  by  sandpapering  and  those  surfaced  by  rubbing- 
down  with  block  pumice  or  rubbing-stone  and  water. 
These  latter  are  tougher  and  more  dense  and,  although 
they  require  more  time  and  labor,  naturally  give  the 
most  complete  and  most  durable  results. 

Coloring  materials  include  the  so-called  ground  colors, 
japan  colors,  flat  colors  or  body  colors.  They  form  a 
dense  opaque  ground  on  which  to  apply  the  subsequent 
rubbing-coats.      They    are    extremely    rapid    in    drying, 


show  no  gloss  and  should  be  semi-porous  in  nature  to 
permit  the  varnish  of  the  first  rubbing-coat  to  penetrate 
to  a  certain  extent.  They  are  the  least  elastic  of  all  the 
materials  and  are  composed  of  pigments  of  the  desired 
color  carefully  ground  in  grinding  japan. 

Rubbing  materials  comprise  all  types  of  clear  and 
colored  rubbing-varnish  and  the  preponderance  of  gum 
in  their  make-up  gives  them  a  hardness  that  permits  of 
their  being  rubbed  to  a  smooth  surface.  This  is  done 
preferably  with  pumice-stone  flour,  a  felt  pad  and  water. 
They  range  from  materials  that  air-dry  to  rub  over- 
night to  those  that  take  4  days  to  reach  the  requisite 
hardness  for  proper  rubbing-down.  The  colored  rubbing- 
varnishes  are  either  factory-made  by  grinding  the  proper 
dry  pigment  into  the  varnish,  or  shop-made  by  the  care- 
ful addition  of  japan  color  to  the  clear  rubbing-varnish. 
The  type  of  rubbing-varnish  selected  should  be  gaged 
by  the  character  of  the  work  to  be  turned  out,  the  slower 
and  more  durable  grades  being  indicated  for  the  finer 
types  of  finish. 

The  finishing-varnishes  used  in  automobile  work 
represent  the  most  highly  developed  type  of  oleo-resinous 
varnish  used  for  any  purpose.  They  must  work  and 
flow  faultlessly,  dry  within  a  reasonable  time,  present  a 
surface  of  mirrorlike  smoothness  and  possess  adequate 
toughness  and  elasticity  to  insure  long  life.  Hardening 
to  a  final  thickness  of  less  than  0.001  in.,  they  must 
protect  the  whole  paint  and  varnish  structure  against 
all  the  elements  and  only  too  often  against  the  abuse  or 
neglect  of  a  careless  or  ignorant  owner.  They  are  long- 
oil  varnishes  in  the  truest  sense,  and  range  in  grade 
from  those  suitable  for  quick  repair-work,  drying  to 
handle  overnight,  to  the  best  body  varnishes  that  re- 
quire several  days  under  normal  air-drying  conditions  to 
harden  sufficiently  for  use. 

Body  varnishes  should  be  chosen  for  their  paleness  of 
color,  freedom  and  safety  of  working,  speed  and  per- 
fection of  flowing,  time  of  drying  and  hardening  in 
relation  to  durability,  fullness  of  body  and  brilliancy  of 
finish.  A  different  type  of  finishing-varnish  should  be 
chosen  for  the  hood,  fenders  and  wheels  from  that  used 
on  the  body,  for  one  is  needed  that  is  more  resistant  to 
the  action  of  mud,  water,  oil,  grease  and  soap,  than  is 
required  on  the  body.  A  varnish  of  this  type  does  not 
possess  the  freedom  of  working  and  flowing  of  the  finest 
grades  of  body  varnish  but,  fortunately,  the  surfaces  to 
be  finished  are  much  smaller  and  working  qualities  can 
be  sacrificed  safely  to  obtain  greater  body,  toughness  and 
resistance. 

The  finishing-varnish  is  to  the  paint  beneath  what  the 
armorplate  belt  is  to  the  vitals  of  the  battleship  and  the 
life  of  the  \yhole  structure  depends  on  its  quality.  It 
must  be  of  the  best  and,  even  then,  it  cannot  perform 
its  duties  successfully  if  placed  over  poor  undercoats 
improperly  applied,  or  over  a  system  of  painting  im- 
properly engineered. 

Engineering  Systems  of  Application 

This  consideration  of  the  five  basic  materials  appear- 
ing in  a  complete  system  of  automobile  painting  brings 
us  to  the  matter  of  their  proper  combination  into  the 
finished  structure.  The  laying-out  of  an  automobile 
painting  system  is  an  engineering  problem  of  no  less 
magnitude  than  the  design  of  a  steel  bridge  and,  in  many 
ways,  is  more  complex.  The  various  materials  perform 
different  functions  exactly  as  do  the  foundations,  anchor- 
ages, columns,  girders  and  trusses  of  a  bridge.  They 
must  bear  proper  relationship  to  each  other  and  to  the 
completed  structure  as  do  the  various  bridge  members; 
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each  must  be  designed  and  proportioned  properly  in  rela- 
tion to  all  the  others  to  produce  a  perfect  result. 

The  simplest  possible  system  would  consist  of  one  coat 
each  of  primer,  surfacer,  color,  color  varnish  and  finish- 
ing varnish.  Over  a  perfectly  smooth,  flat,  metal  sur- 
face, such  a  system  would  give  good  results  as  to  both 
appearance  and  durability  if  the  materials  used  were  of 
the  best.  Under  the  actual  conditions  of  automobile 
painting,  at  least  double  the  number  of  coats  noted  above 
usually  will  be  found  necessary  to  produce  a  finish  of 
good  appearance  and  durability.  In  this  connection  it 
should  be  noted  that  it  is  just  as  bad  practice  to  pile  on 
unnecessary  coats  as  it  is  to  leave  off  materials  that  are 
necessary  to  the  system.  Just  enough  coats  should  be 
specified  to  produce  the  desired  degree  of  fullness  of 
finish.  Proper  shop  facilities  must  be  provided,  a  full 
time  schedule  allotted  and  an  adequate  degree  of  skill 
afforded  in  the  personnel  of  the  painting  department  to 
insure  intelligent  application.  It  is  well  to  remember 
that  the  paint-shop  and  the  trim-shop  schedules  should 
be  interlocked  wherever  possible  to  provide  extra  days 
for  the  drying  and  hardening  of  rubbing-coats  and,  in 
this  manner,  added  insurance  of  satisfactory  results  ob- 
tained without  sacrifice  of  time. 

In  laying  out  the  system  for  a  given  job  it  cannot  be 
over-emphasized  that  the  five  basic  materials  must  be 
chosen  not  only  for  their  individual  merit  but  for  their 
ability  to  pull  together.  To  obtain  the  proper  correlation 
of  the  various  coats  the  elasticity  of  the  succeeding  ma- 
terials should  be  gradually  decreased  from  the  primer 
to  the  flat  color  and  then  gradually  increased  up  to  the 
finishing-varnish.  This  result  is  obtained  by  using  an 
elastic  primer.  Next,  a  coat  intermediate  in  elasticity 
between  the  primer  and  the  surfacer  is  used;  it  is  the 
so-called  half-and-half  or  elastic  roughstuff.  Then  the 
surfacer  itself,  possessing  less  elasticity,  is  applied,  and 
next  the  flat  color  possessing  practically  no  elasticity. 
This  should  be  followed  by  gradually  increasing  the 
elasticity  of  the  rubbing-coats  produced  by  making  each 
succeeding  coat  lower  in  japan  color  or  pigment  content 
and,  finally,  capping  the  whole  with  a  finishing-varnish 
possessing  the  greatest  degree  of  elasticity  possible. 

Methods  of  Application 

The  four  methods  of  applying  the  various  materials  to 
the  automobile  surfaces  are  those  of  dipping,  spraying, 
flow-coating  and  brushing.  Dipping  is  used  principally 
for  the  application  of  black  baking-japans  on  hoods, 
fenders,  splash-guards  and  small  metal  parts.  When 
used  in  connection  with  endless-chain  baking-equipment 
and  a  high-grade  of  black  japan,  this  method  affords  a 
combination  of  low  operating  cost  with  a  durability  of 
finish  that  cannot  be  equalled  for  quantity-production 
work;  it  is  used  with  success  even  on  small  open  bodies 
when  a  black  baked-finish  is  standard. 

The  now  highly  developed  air-brush  or  air-gun  affords 
perhaps  the  best  method  yet  discovered  for  the  appli- 
cation of  the  primer,  surfacer  and  flat-color  coats.  It 
does  away  with  troublesome  brush-marks  in  the  surfacer 
and  flat-color  coats  and,  in  the  hands  of  a  skilled  oper- 
ator, gives  a  uniformity  of  thickness  unexcelled  by  the 
most  careful  brushing.  Care  should  be  exercised  in 
spraying  to  use  the  materials  at  just  the  proper  degree 
of  viscosity,  and  the  operator  should  be  cautioned  espe- 
cially against  applying  too  thick  a  coat.  This  method 
effects  a  saving  in  time  and  labor  that  more  than  offsets 
the  use  of  somewhat  more  material  than  in  the  case  of 
brush  application. 

Flow-coating   is   a  method  of   applying   rubbing   and 


finishing-varnish  that  was  first  tried  on  a  very  small 
car  and  now  is  in  use  in  a  number  of  large  plants  pro- 
ducing cars  of  the  higher  grades.  In  flow-coating,  the 
body  to  be  coated  is  mounted  over  a  trough-like  table 
and  the  varnish  is  applied  through  a  flattened  nozzle 
attached  to  a  hose.  This  hose  in  turn  is  connected  to  a 
circulating  pump  and  small  reservoir  of  varnish.  The 
varnish  is  flowed  on  the  panels  in  great  excess,  drips  off 
the  panels  into  the  troughs  and  is  led  back  through  a 
strainer  to  the  reservoir  from  which  it  was  originally 
pumped.  Flow-coating  possesses  both  good  and  bad 
points.  From  the  viewpoint  of  speed  of  production, 
cheapness  of  operation  and  cleanness  of  finish  it  has 
great  merit,  but  from  the  standpoint  of  the  fullness  and 
durability  of  the  finish  its  use  is  not  so  successful.  In 
the  case  of  the  rubbing-coats  the  tendency  of  short-oil 
varnishes  to  "silk,"  to  show  vertical  satinlike  streaks 
when  flowed-on,  more  than  offsets  the  gain  made  by  the 
elimination  of  brushmarks.  I  have  seen  cases  where  this 
vertical  silk  in  the  flowed-on  color-varnish  coats  was  so 
pronounced  that  it  could  not  be  rubbed  out  without 
danger  of  cutting  through  to  the  coat  underneath  and, 
of  course,  this  vertical  silk  showed  through  in  the 
finishing-varnish.  Also,  the  fact  that  rubbing-varnishes 
set  or  stiffen-up  much  more  rapidly  than  long-oil  var- 
nishes tends  to  cause  too  wide  a  variation  in  the  thick- 
ness of  the  film  between  the  top  and  bottom  of  a  panel. 
Rubbing-varnish,  when  flow-coated,  tends  to  form  too 
heavy  a  "fat  edge,"  especially  around  door  panels,  to 
harden  through  properly,  and  this  fat  edge,  containing 
semi-hardened  rubbing-varnish,  often  wrinkles  when  it 
is  softened  by  the  turpentine  of  the  finishing-varnish. 
If  flow-coating  is  to  be  used  for  the  rubbing-coats,  the 
objectionable  features  that  have  been  mentioned  can  be 
minimized  by  using  the  freest-flowing  rubbing-varnishes 
obtainable,  and  their  use  as  color  varnishes  in  fairly 
thin  body.  For  fine  work  the  brushing  of  the  rubbing- 
coats  is  the  best  practice. 

The  flow-coating  of  finishing-varnish  results  in  a 
thinner  residual  film  than  is  produced  by  the  proper 
brushing-on  of  the  same  varnish,  and  this  reduces  both 
the  fullness  and  the  durability  of  the  finish.  The  reason 
for  this  is  apparent  when  it  is  remembered  that  in 
brushing  a  large  panel  a  finisher  will  work  over  it  fully 
5  min.  and,  as  something  like  half  the  turpentine  content 
of  the  varnish  evaporates  in  the  first  5  min.  after  it  is 
spread,  it  can  be  seen  that  the  finisher,  on  his  last  time 
over  the  panel,  is  working  and  keeping  in  place  a  varnish 
of  far  greater  viscosity  than  he  originally  applied.  The 
average  high-grade  body-varnish  contains  about  65  per 
cent  by  weight  of  non-volatile  material,  and  it  will  be 
seen  that,  when  the  finisher  is  through  brushing  it,  the 
non-volatile  content  has  run  up  to  over  80  per  cent.  On 
the  other  hand,  in  the  case  of  the  flow-coat  the  body  is 
being  flushed  with  a  great  excess  of  varnish  of  the 
original  viscosity  until  it  leaves  the  hands  of  the  oper- 
ator, and  the  resulting  film  is  consequently  considerably 
thinner.  On  samples  of  varnish  examined  after  a  day's 
run  in  a  flow-coat  machine  the  increase  in  non-volatile 
content  was  only  2  or  3  per  cent. 

The  fullness  of  a  flow-coated  finishing-varnish  can 
be  improved  by  extreme  care  in  the  application  and 
rubbing  of  the  rubbing-coats,  but  this  solution  is  hardly 
possible  where  piecework  prevails,  for  by  extreme  care 
is  meant  extreme  care!  The  sacrifice  of  durability  by 
flow-coating  the  finishing  coat  may  possibly  equal  20 
per  cent  and  this,  unfortunately,  cannot  be  obviated  by 
the  use  of  finishing-varnishes  of  much  greater  viscosity 
or  higher   non-volatile   content,    on   account   of   flowing 
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difficulties  around  door-handles,  wind-shield  supports  and 
moldings.     Close   cooperation    between    the   automobile 

engineer,  the  foreman  of  the  paint-shop  and  t hf  chemical 
engineer  of  the  varnish  manufacturer  will  no  doubl  over 
come  in  time  the  present  objections  to  flow-coaling  on 
high-grade  work.  A  so-called  solution  has  been  real  bed 
in  some  cases  by  the  substitution  of  a  finishing-varnish 
much  shorter  in  oil,  which,  by  virtue  of  its  greater  gum- 
content,  shows  a  filling-up  quality  noi  possessed  by  a 
varnish  long  enough  in  oil  to  furnish  the  proper  degree 
of  durability.  Such  a  solution  will  result  in  the  sacrifice 
of  50  to  75.  per  cent  of  the  ultimate  durability  of  the 
finish,  and  would  not  be  possible  if  proper  cooperation 
existed  between  those  responsible  for  the  production  of 
the  finish. 

The  time-honored  method  of  brushing,  in  applying  all 
paint  and  varnish  coats,  is  now  restricted  to  use  on  the 
last  two  basic  materials  of  the  system,  the  rubbing  and 
the  finishing-coats.  For  these  two  materials  application 
by  a  skilful  brush-hand  still  represents  the  best  practice 
and  is  in  almost  universal  use  where  fine  finishing  is 
done. 

Drying  and  Surfacing 

Two  other  subjects  come  under  methods  of  applica- 
tion; drying  and  surfacing  or  rubbing.  The  former  is 
divided  into  air-drying,  forced  drying  and  baking.  If 
time  and  space  were  no  object,  there  would  be  no  choice 
in  final  results  between  proper  air-drying  and  proper 
forced-drying;  but  both  time  and  space  are  highly  im- 
portant in  modern  quantity-production  and  forced  drying 
reigns  in  all  uptodate  plants.  In  general,  the  degree  of 
heat  used  should  decrease  with  each  succeeding  type  of 
material,  the  air  used  should  have  the  requisite  moisture- 
content  to  give  the  proper  drying-rate,  the  heat  should 
be  applied  gradually  and  adequate  time  should  be  allowed 
for  the  job  to  cool  before  beginning  the  next  operation. 

It  is  not  the  function  of  this  paper  to  give  details  as 
to  temperatures  or  hours  required  for  each  type  of  ma- 
terial. The  rules  given  are  general  in  their  application. 
Forced  drying  is  of  little  value  in  the  final  hardening 
of  a  long-oil  body-varnish ;  the  use  of  a  temperature  of 
much  more  than  85  or  90  deg.  fahr.  in  the  drying  of 
such  material  merely  results  in  a  finish  of  thinner  appear- 
ance. The  main  requirement  in  the  proper  drying  and 
hardening  of  the  best  grades  of  finishing-varnish  is  a 
maintained  temperature  of  at  least  75  deg.  fahr.,  with- 
out excessive  humidity,  and  with  an  adequate  supply  of 
oxygen  introduced  by  suitable  ventilation.  In  the  modern 
finishing-room  and  "dark-room"  the  use  of  an  adequate 
air-conditioning  equipment  is  highly  desirable,  especially 
for  the  assurance  it  gives  of  proper  drying  and  harden- 
ing during  humid  or  muggy  weather.  By  adequate  air- 
conditioning  is  meant  the  facility  for  reducing  humidity 
as  well  as  increasing  it. 

What  has  been  said  applies  to  the  air-drying  of  all 
paint  and  varnish  coats  where  air-drying  is  used.  When 
forced  drying  is  used,  too  much  heat,  heat  too  rapidly 
applied  or  too  little  moisture-content  for  the  amount  of 
heat  used  will  result  in  "case-hardening"  or  surface- 
drying  rather  than  proper  hardening  throughout.  This 
causes  a  sunken-in  appearance  of  the  finish  and  fre- 
quently results  in  a  premature  breakdown  of  the  whole 
paint  structure  under  exposure.  Like  many  other  oper- 
ations, it  is  erring  on  the  safe  side  to  go  too  slowly  with 
forced  drying  rather  than  too  fast. 

The  term  "baking,"  when  properly  applied,  refers  to 
temperature-ranges  above  300  cleg.  fahr.  and  to  materials 
that  harden  more  by  heat  than  by  oxidation.    True  bak- 


ing is  applied  exclusively  to  blacks  and,  except  in  the 
Case  of  a  lew  small  cars  of  very  largo  production,  is  used 
only  on  hoods,  fenders  and  the  like.  True  baking  ma- 
terials cannot  be  used  for  air-drying,  no  matter  how  long 
a  time  schedule  is  allowable,  for  they  would  never  air- 
dry   to  proper  hardness. 

The  operations  that  apply  to  the  surfacing  and  rubbing 
materials  have  much  to  do  with  both  the  appearance  and 
the  durability  of  the  finish;  more  than  they  are  some- 
times given  credit  for.  Surfaces  are  either  sandpapered 
or  rubbed  with  block  rubbing-stone  and  water  as  previ- 
ously described.  Sanding  surfaces  should  never  be 
rubbed  along  with  the  use  of  water,  because  they  are  too 
porous,  and  the  roughstuff  type  must  be  rubbed  with 
rubbing-stone  and  water  because  they  are  too  tough  to 
be  sandpapered. 

The  three  methods  in  use  for  the  rubbing-coats  are 
those  of  dry-oil  sanding,  wet-oil  sanding,  and  rubbing 
down  with  pumice-stone  flour,  a  felt  pad  and  water.  Of 
these  three,  the  last  is  the  best  practice  when  both  ap- 
pearance and  durability  are  prime  considerations.  The 
dry-oil  sanding,  using  sandpaper  dipped  in  linseed  oil 
and  allowed  to  dry,  sacrifices  something  in  the  smooth- 
ness of  the  finish,  although  it  probably  does  not  impair 
the  durability.  The  wet-oil  sanding,  using  sandpaper 
dipped  in  a  mixture  of  linseed  oil  and  gasoline,  un- 
doubtedly saves  time  and  labor,  but  it  causes  a  soften- 
ing of  the  rubbing-varnish  that  is  detrimental  to  the 
durability  of  the  finish;  this  is  especially  true  when  the 
tirst  coat  or  two  of  the  color-varnish  is  wet-oil  sanded 
and  the  final  coat  is  water-rubbed. 

As  the  rubbing  with  water  tends  to  harden  the  coat 
instead  of  softening  it,  as  is  the  case  with  the  wet-oil 
sanding,  this  places  the  hardest  of  the  rubbing-coats  on 
top  and  results  without  question  in  the  speeding-up  of 
the  breakdown  of  the  finish.  The  use  of  the  wet-oil 
sanding  cannot  be  considered  good  engineering  practice 
where  the  quality  of  the  finish  is  the  first  consideration. 
The  use  of  the  dry-oil  sanding,  a  substitute  for  the  old 
mossing-off  with  curled  hair,  is  allowable  on  the  first 
coat  at  least  of  the  color-varnish,  although  a  water-rub 
on  all  coats  is  undoubtedly  preferable  where  the  sheer 
quality  of  the  results  is  to  be  considered.  This  rather 
sketchy  treatment  of  the  methods  of  application  is  in- 
tended to  be  suggestive  rather  than  informative,  and  yet 
to  point  out  some  of  the  possible  pitfalls  that  high-speed 
production  methods  sometimes  introduce. 

Care  of  the  Finish 

This  brings  us  to  the  fourth  and  final  element  in  the 
production  and  retention  of  a  satisfactory  automobile 
finish.  We  will  take  it  for  granted  that  the  varnish 
manufacturer  has  made  and  the  automobile  builder 
chosen  the  finest  materials  it  is  possible  to  produce,  and 
that  these  materials  have  been  applied  pursuant  to  a 
scientifically  sound  system  according  to  the  best  methods. 
It  then  rests  with  the  car  owner  to  do  his  share  by  treat- 
ing the  finish  of  his  automobile  as  carefully  as  he  would 
any  other  fine  thing  that  he  wishes  to  preserve. 

Many  car  owners  fail  to  realize  that  in  their  hands 
lies  the  matter  of  their  cars  looking  as  well  months  after 
they  have  been  purchased  as  they  did  when  they  left  the 
factory's  finishing-room.  If  the  owner  allows  caked  mud 
to  remain  on  the  car,  it  may  leave  a  spot  that  cannot  be 
removed.  A  careful  washing  with  clean  cold  water  be- 
fore the  mud  dries  will  avoid  such  spotting.  Varnish 
will  not  withstand  the  dusting  or  rubbing  of  mud  off  of 
it,  nor  will  its  high  luster  survive  if  dust,  grit  and  mud 
are  driven  into  its  surface  by  the  water  blast  of  a  high- 
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pressure  hose.  Improper  soaps,  or  good  soaps  improperly 
used,  are  a  source  of  premature  destruction  of  the  finish, 
and  it  is  dangerous  to  use  body-polishes  or  so-called  dry- 
washes  and  cleaners.  These  result  in  the  scratching, 
abrading  and  sometimes  softening  of  the  finishing- 
varnish,  all  of  which  tends  to  shorten  its  life.  Polishes 
containing  wax  cause  trouble  in  the  drying  and  decrease 
the  durability  of  the  new  coats  when  a  car  is  refinished. 
Many  owners  appear  to  assume  that  a  varnish  can  last 
forever  and,  consequently,  fail  to  have  their  cars  re- 
varnished  before  the  deterioration  of  the  finish  has  gone 


so  far  that  the  undercoats  are  cracked  and  checked  and 
a  complete  repainting  of  the  car  is  necessary  to  give  the 
car  a  good  appearance. 

All  the  above-mentioned  difficulties  can  be  avoided  or 
at  least  minimized  by  instructing  the  owner,  in  the  first 
place,  what  the  finish  of  the  car  is  and,  in  the  second 
place,  how  to  care  for  it  properly  in  both  upkeep  and 
renewal.  A  good-looking  car  on  the  road  is  the  product 
of  the  combined  efforts  of  the  varnish  maker,  the  auto- 
mobile builder  and  the  car  owner;  and  a  credit  £nd  a 
lasting  satisfaction  to  all  three. 


ENGINEERS  AS  MANAGERS 


IN  an  address  before  the  Founder  Societies,  Philip  Cabot 
condemned  the  engineer  as  a  manager,  stating  that  the 
discipline  of  his  professional  career  has  curbed  his  enthu- 
siasm and  caused  him  to  add  15  to  25  per  cent  as  a  factor 
of  safety  to  what  is  indicated  by  his  painstaking  calcula- 
tions.    Mr.  Cabot  said  in  part 

Many  reasons  are  assigned  for  the  collapse  of  the 
railroads,  and  as  in  the  case  of  all  other  human  beings, 
there  is  doubtless  no  one  cause.  But  it  is  very  striking 
to  note  the  change  in  type  of  the  men  who  now  lead 
the  great  railroad  systems  as  compared  with  the  men 
who  led  them  when  they  were  successful.  In  the  earlier 
days  our  great  railroad  leaders  were  primarily  traffic 
men;  men  whose  vision  naturally  focussed  upon  the 
market,  who  saw  the  thing  to  be  done  and  found  some 
way  to  do  it.  Now  the  leaders  of  our  great  railroad 
systems  are  all  operating  men ;  in  other  words,  essen- 
tially men  of  engineering  training  and  the  scientific 
type. 

It  is  doubtless  true  that  whatever  the  ability  of  these 
men  might  have  been,  success  has  been  made  impos- 
sible by  the  systems  of  regulation  under  which  they 
have  been  placed.  Holding  the  ignominious  position  of 
responsibility  without  power,  it  is  no  wonder  if  they 
have  failed  in  successful  leadership.  But  it  is  unde- 
niable that  they  have  failed  conspicuously.  The  huge 
army  that  these  men  command,  far  from  being  inspired 
by  the  enthusiasm  and  loyalty  that  are  essential  to 
success,  is  admittedly  upon  the  verge  of  mutiny. 

In  all  great  operations,  new  or  old,  the  leading  dom- 
inating spirit  must  be  that  of  the  idealist,  the  pro- 
moter, the  great  salesman,  rather  than  the  student  or 
man  of  science.  Such  an  attitude  of  mind  is  very  dif- 
ficult for  the  typical  engineer  on  account  of  his  tem- 
perament and  his  training.  His  natural  position  is  that 
of  the  hand  that  executes  rather  than  the  mind  that 
conceives.  Leadership  is  not  native  to  him,  his  enthu- 
siasms have  been  put  under  stern  control;  locked  up 
so  that  they  cannot  warp  his  judgment,  they  cannot 
easily  be  released  to  inspire  others.  In  fact,  they  are 
often  atrophied. 

I  do  not  say,  nor  do  I  believe,  that  it  is  impossible 
for  an  engineer  to  be  a  great  leader  and  manager  of 
industry.  All  that  I  can  maintain  is  that  his  natural 
handicap  is  increased  by  our  present  methods  of  train- 
ing to  such  an  extent  as  to  make  him  an  unpromising 


candidate  for  promotion  to  such  positions,  and  I  say 
this  with  full  knowledge  of  the  fact  that  his  selection 
to  fill  them  has  become  increasingly  common  of  late 
years  especially  in  public-service  corporations. 

Stockholders  are  in  practice  a  flock  of  sheep  in- 
capable of  concerted  intelligent  action  but  eager  to  fol- 
low any  leader,  so  that  the  task  of  selecting  corpora- 
tion managements  falls  upon  the  banker,  or  financial 
godfather  of  the  enterprise.  Such  men,  cautious  by 
nature,  and  made  doubly  so  by  experience,  yearn  for  a 
sure  thing  and  welcome  the  engineer  with  his  mathe- 
matical accuracy.  Your  engineer  at  least  will  not 
exceed  his  estimates,  will  tell  in  advance  what  he  will 
do  and  do  it,  while  your  most  visionary  promoter  must 
forever  be  watched  and  guided.  With  an  engineer  at 
the  wheel  the  company  will  run  itself  and  the  banker- 
director  can  sleep  in  peace.  But  there  is  apt  to  be  a 
rude  awakening  when  he  discovers  that  the  business 
has  gradually  evaporated,  wages  have  shown  a  discon- 
certing tendency  to  eat  up  profits  and  customers  are 
becoming  surly. 

In  this  case,  as  in  all  others,  the  search  for  the  sure 
thing  fails;  temporary  peace  is  purchased  at  the  cost 
of  the  ultimate  failure  and  the  practice  must  be  aban- 
doned. The  bankers  must  select  men  of  enthusiasm, 
courage  and  vision  and  put  over  them  boards  of  di- 
rectors who  are  capable  and  willing  to  direct.  Your 
dreamer  without  direction  will  wreck  you  faster  and 
more  certainly  than  your  man  of  science.  But  with 
adequate  direction  and  control  he  is  your  safest  man; 
and  if  our  engineers  are  to  occupy  such  positions  with 
success  their  education  and  training  must  be  profoundly 
modified. 

There  is  enough  probable  truth  in  Mr.  Cabot's  statements 
to  make  them  misleading.  What  he  deplores  is  the  passing 
of  the  stage  in  the  development  of  the  Nation  when  condi- 
tions favored  the  success  of  the  promoter  type  of  men.  There 
is  no  longer  so  much  opportunity  for  the  promoter  who  lacks 
technical  knowledge  and  ability.  Any  large  success  requires 
both  vision  and  sane  direction  based  on  technical  knowledge. 
The  quality  of  vision  is  not  restricted  to  any  one  type  of  man. 
Success  is  as  likely  to  come  under  the  management  of  a 
leader  who  has  technical  ability  upon  which  to  base  sound 
judgments,  and  the  courage  to  proceed,  as  under  the  manage- 
ment of  men  of  the  type  for  which  Mr.  Cabot  pleads  so 
interestingly. 
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Burner  demands  and  yet  place  a  minimum  of  restrictions 
upon  the  refiner  or  any  one  else  who  can  add  a  drop  to 
our  bucket  of  motor  fuel? 

I  want  to  say  a  few  words  with  regard  to  specifica- 
tions. Specifications  have  often  been  held  up  as  on< 
the  greatest  obstacles  to  progress;  indeed  it  has  been 
true  too  often  that  specifications  have  merely  taken  the 
plate  of  age-long  prejudice  and  time-honored  practice 
prevent  any  change,  however  desirable  it  might  be  to  both 
consumer  and  producer. 

[f  we  analyze  these  cases,  however,  it  becomes  evident 
that  the  real  source  of  difficulty  is  that  we  have  not  speci- 
fied those  properties  that  we  really  needed,  but  instead 
have  tried  to  fix  some  non-essential  property  or  some  su- 
perficial indication  of  the  desired  property  that  happened 
to  be  more  easily  measured. 

On  the  other  hand,  if  we  have  specifications  and  tests 
that  measure  actually  what  we  need  and  give  them  a  rea- 
sonable measure  of  flexibility  so  that  they  may  change 
with  changing  conditions,  a  specification  becomes  an  aid 
to  progress. 

It  is  therefore  extremely  important  to  get  satisfactory 
methods  of  tests.  The  volatility  of  motor  fuel  affects  two 
entirely  different  things:  First,  the  ease  of  starting, 
which  is  mainly  controlled  by  the  lover  end  of  the  dis- 
tillation curve;  and,  second,  the  ease  of  distribution  ov 
the  possibility  of  complete  vaporization,  which  also  de- 
termines economy  and  dilution.  These  are  two  separate 
properties  and  we  need  two  separate  tests  for  them,  but 
ion  . 

Take  first  the  question  of  what  constitutes  a  measure 
of  the  relative  ease  of  complete  vaporization  of  two  fuels 
effecting  distribution,  etc.  We  can  get  sonic  sort  of 
an  approximation  to  perfect  distribution,  even  with  liquid 
drops  still  present,  by  a  proper  design  of  manifold,  but 
the  only  thing  that  will  really  distribute  properly  is  a 
completely  vaporized  fuel.  The  most  successful  attempts 
to  accomplish  that  have  resulted  in  heating  the  air  stream 
to  a  very  considerable  extent. 

A  measure  of  the  comparative  value  of  fuels  for  this 
purpose  would  therefore  be  the  temperature  to  which  the 
airstream  would  have  to  be  heated  to  make  possible  com- 
plete vaporization.  The  question  at  once  arises,  Why  is 
this  point  not  the  end-point  of  the  fuel?  or  Why  does  it 
not  bear  some  direct  relation  to  the  end-point  ? 

There  are  two  entirely  different  ways  in  which  vapor- 
ization can  take  place,  one  of  which  occurs  in  a  distillation 
flask  and  the  other  under'the  conditions  that  prevail  in 
the  manifold.  In  the  one  case,  consider  that  we  have  a 
distillation  flask  nearly  full  of  a  fuel,  and  are  continually 
distilling  it  off.  Suppose  that  the  fuel  consists  of  very 
volatile,  less  volatile  and  still  less  volatile  fractions, 
which  I  will  designate  as  .4,  B  and  C.  A  is  the  first 
thing  that  comes  off.  It  fills  the  vapor  space,  and  more  A 
comes  off  and  keeps  shoving  it  out  of  the  way.  Then  B 
begins  to  come  off,  also  forcing  A  out  of  the  flask,  and 
before  half  of  B  is  gone,  A  will  be  almost  completely 
scrubbed  out  of  the  flask.  Similarly,  before  half  of  C  is 
gone,  B  will  be  practically  completely  scrubbed  out  of  the 
flask.  The  end-point  we  get,  that  is,  the  temperature 
necessary  to  vaporize  the  last  drop  of  the  fuel,  will  de- 
pend almost  wholly  upon  the  least  volatile  materials  in 


the  fuel,  since  the  composition  of  the  boiling  liquid  de- 
pends upon  that  of  the  vapor  in  contact  with  it. 

There  is,  however,  another  way  we  can  carry 'out  this 
vaporization.  We  can  have  a  tall  gas-holder  filled  with 
air,  with  a  fan  to  get  circulation,  and  just  a  little  pot  of 
motor  fuel  in  the  bottom.  We  can  start  to  vaporize  A, 
B  and  ('  into  this  space,  and  keep  stirring  the  air  around 
to  have  equilibrium  in  there.  We  are  now  vaporizing 
this  liquid  into  a  space  that  already  contains  all  that  has 
thus  far  been  vaporized.  Some  A  is  therefore  continually 
redissolving  in  the  liquid  to  make  up  for  that  which  is 
evaporating  and  when  we  get  down  to  the  last  drop  it 
does  not  consist  merely  of  C,  the  last  volatile  portion, 
but   there  is  a  considerable  amount  of  B  and  some  of  A 


■ 


•See  The  Journal.  November.  1921,  p.  313. 


Fig.  1 — Apparatus  poh  Preparation  of  Equilibrium  Solution 
Arranged  tor   Automatic  Regulation 

still  present.  The  composition  of  the  last  drop  is  there- 
fore a  sort  of  integration  of  the  whole  distillation-curve 
from  the  standpoint  of  completeness  of  vaporization  into 
an  airstream.  It  is  much  more  volatile  than  what  we 
got  in  the  ordinary  distillation  test  because  it  contains 
a  considerable  portion  of  these  lighter  ends.  It  does, 
however,  contain  a  greater  proportion  of  the  heavier 
ends,  its  average  boiling-point  corresponding  roughly  to 
the  85-per  cent  point  of  the  original  fuel. 

Now  this  last  method  of  evaporation  is  essentially  that 
which  takes  place  in  the  manifold  of  an  engine,  because 
the  last  drop  of  the  fuel  is  evaporating  into  an  airstream 
already  containing  the  lighter  constituents.  A  method 
that  we  have  developed  for  securing  a  sample  of  this 
equilibrium  mixture  corresponding  to  the  last  of  the  fuel 
to  evaporate  in  a  manifold  has  been  described  in  detail'; 
so  I  will  merely  summarize  the  operation,  which  is  car- 
ried out  in  a  flask  such  as  that  shown  in  Fig.  1.  The 
upper  reservoir  is  kept  full  and  the  flask  filled  half-full 
with  the  fuel  to  be  tested.  The  temperature  of  the  oil- 
bath  is  then  raised  until  some  of  the  fuel  begins  to 
distill  off.  The  most  volatile  portions  of  the  fuel  in  the 
flask  are  the  first  to  be  boiled-off  and  condensed.  We 
keep  running  in  fresh  fuel  containing  both  high  and  low 
ends  to  keep  this  level  constant,  as  indicated  by  the  hook 
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gage.  The  boiling-point  gradually  rises  because  equal 
amounts  of  high  and  low  are  coming  in  and  we  are  dis- 
tilling off  more  of  the  low.  Finally,  after  \  2  or  %  hr.  of 
this  continuous  process,  the  boiling-point  of  the  liquid  in 
the  flask  becomes  constant,  which  shows  that  the  com- 
position of  this  liquid  is  no  longer  changing.  Since 
neither  the  amount  nor  the  composition  of  the  fuel  is 
changing,  the  input  of  fuel  must  be  the  same  as  the  out- 
put. In  other  words,  we  are  putting  in  the  original 
gasoline  and  taking  out  the  vapor  of  completely  vapor- 
ized gasoline.  Furthermore,  this  liquid  in  the  flask  is  in 
equilibrium  with  the  completely  vaporized  gasoline,  and 
therefore  has  the  same  composition  as  the  first  drop  to 
condense,  or  the  last  drop  to  be  vaporized,  under  the  con- 
ditions prevailing  in  the  manifold. 

By  this  method,  however,  we  have  been  able  to  get, 
not  a  single  drop,  but  a  whole  flask  full  of  gasoline  which 
has  integrated  the  distillation-curve  of  the  fuel  exactly 
as  it  is  done  in  service.  We  can  take  samples  of  this 
"equilibrium  mixture"  and  determine  its  vapor  pressure 
and  the  temperature  at  which  it  would  be  completely 
volatile  for  a  given  mixture-ratio  and  pressure,  or  the 
pressure  at  which  it  would  begin  to  condense  if  we 
started  to  cool  the  completely  vaporized  mixture.  In 
this  manner  we  have  made  a  thorough  study  of  the  char- 
acteristics of  a  number  of  typical  present-day  fuels, 
ranging  from  aviation  gasoline  to  Socony  kerosene. 

The  85-Per  Cent  Point 

In  general,  we  have  noted  that  the  average  boiling- 
point  of  the  equilibrium  mixture  in  which  we  are  inter- 
ested approximates  the  85-per  cent  point  of  the  original 
fuel,  and  we  have  found  furthermore  that  by  subtracting 
135  cleg.  cent.  (243  deg.  fahr.)  from  the  85-per  cent  point 
in  the  ordinary  distillation  we  can  approximate  the  con- 
densation temperature  of  a  12  to  1  mixture.  It  is  obvious, 
however,  that  this  is  at  best  merely  a  rough  approxi- 
mation; its  principal  value  is  to  indicate  that  the  85-per 
cent  point  comes  nearer  to  determining  the  effective 
volatility  of  a  fuel  than  the  50-per  cent,  the  90-per  cent 
or  the  end  point,  which  are  more  frequently  used  for  the 
purpose. 

While  the  preparation  of  the  equilibrium  mixture  is  a 
simple  proposition,  the  measurement  of  its  vapor  pressure 
is  rather  difficult  and  not  at  all  well  adapted  to  routine 
tests,  although  it  can  be  carried  out  in  any  laboratory  if 
sufficient  care  is  taken.  We  have  therefore  tried  to  find 
out  whether  it  might  not  be  possible  to  get  a  fairly  good 
approximation  by  subtracting  a  constant  amount  from 
the  final  constant-temperature  obtained  in  preparing  the 
equilibrium  mixture.  A  little  consideration  of  the 
thermodynamics  involved  will  show  that  this  could  not 
be  true  for  fuels  containing  the  higher-boiling  alcohols 
or  for  any  fuel  differing  greatly  in  composition,  although 
for  paraffins  and  naphthenes  not  excessively  unsaturated 
it  should  hold  fairly  well.  Actually  by  subtracting  120 
deg.  cent.  (216  deg.  fahr.)  from  this  equilibrium  boiling- 
point  it  is  possible  to  obtain  the  condensation  tempera- 
ture of  five  or  six  fuels  tested,  with  an  average  deviation 
of  only  3  deg.  cent.  (5.4  deg.  fahr.)  as  compared  with  an 
average  deviation  over  twice  as  great  for  the  85-per  cent 
point  method.  The  single  exception  to  this  rule  in  the 
six  fuels  tested  was  in  the  case  of  Red  Crown  kerosene 
whose  Baume  compared  with  its  boiling-point  showed 
conclusively  that  it  was  far  outside  the  range  of  com- 
position of  ordinary  gasolines  or  paraffin  kerosenes.  For 
all  ordinary  motor  fuels  it  would  appear,  at  least  until 
further  evidence  is  secured,  that  this  approximation  is 
entirely  satisfactory. 


To  make  the  method  of  preparing  the  equilibrium  solu- 
tion somewhat  simpler,  the  maintenance  of  the  constant 
level  in  the  distillation  flask  shown  in  Fig.  1  has  been 
made  automatic  by  the  use  of  the  sleeve-valve  and  the 
floating  flask  as  shown.  It  is  merely  necessary  to  keep 
the  temperature  of  the  oil-bath  roughly  40  deg.  cent.  (72 
deg.  fahr.)  above  that  of  the  liquid  boiling  in  the  flask, 
and  to  use  a  small,  well-ground  sleeve-valve  that  feeds  in 
liquid  when  the  flask  rises  slightly  and  shuts  it  off  as 
soon  as  the  flask  begins  to  sink.  The  temperature  and 
level  of  the  oil  bath  must  be  kept  reasonably  constant  to 
enable  this  to  be  done.  For  .ordinary  work,  however,  it  is 
easy  enough  to  control  the  level  in  the  flask  by  operating 
the  stop-cock  by  hand. 

By  this  means  we  have  apparently  a  simple  and  reason- 
ably accurate  method  of  determining  the  "condensation 
temperature,"  or  what  we  may  call  the  "effective  end- 
point"  of  the  fuel.  Complete  vapor-pressure  measure- 
ments must,  however,  be  made  on  several  more  fuels  from 
different  sources  before  the  accuracy  of  the  recommended 
approximation  can  be  considered  as  established. 

Ease  of  Starting 

Let  us  consider  next  the  volatility  of  the  fuel  so  far 
as  it  affects  the  ease  of  starting.  The  effective  volatility 
for  this  purpose  is  different  from  that  which  we  have 
been  discussing,  since  we  require  only  partial  evaporation 
of  the  fuel  to  get  a  mixture  rich  enough  to  ignite,  and 
this  volatility  depends  primarily  upon  the  initial  part  of 
the  curve,  although  not  on  the  initial  point  nor  on  any 
single  point  on  the  curve. 

To  illustrate  how  far  in  error  we  may  go  by  taking 
the  initial  boiling-point  of  a  fuel  as  a  measure  of  its  ease 
of  starting,  consider  three  fuels  which  have  almost 
identically  the  same  boiling-point,  alcohol,  benzol  and  a 
hypothetical  paraffin  hydrocarbon  with  a  boiling-point  of 
80  deg.  cent.  (176  deg.  fahr.)  whose  properties  are 
determined  by  interpolation  on  the  assumption  that  it  is 
60  per  cent  normal  hexane  having  a  boiling  point  of  68 
deg.  cent.  (154  deg.  fahr.)  and  40  per  cent  normal  heptane 
with  a  boiling-point  of  98  deg.  cent.  (208  deg.  fahr.). 
It  is  generally  realized  that  it  is  much  harder  to  start  on 
alcohol,  but  the  causes  therefor  have  never,  apparently, 
been  analyzed  in  detail. 

To  represent  the  situation  clearly,  Fig.  2  has  been 
drawn.  In  this  curve  the  logarithm  of  the  vapor- 
pressure  of  the  three  fuels  has  been  plotted  against  the 
reciprocal  of  the  absolute  temperature,  but  the  numbered 
coordinates  show  the  vapor-pressure  in  millimeters  of 
mercury  and  the  temperature  in  degrees  centrigrade  and 
fahrenheit  corresponding  thereto.  The  advantage  of 
plotting  in  this  way  is  that  the  vapor-pressure  curve  is 
substantially  a  straight  line  and  its  slope  is  determined 
by  the  heat  of  vaporization  of  the  fuel. 

It  will  be  noted  that  the  three  fuels  have  a  vapor- 
pressure  of  760  mm.  (29.92  in.)  at  very  nearly  the  same 
temperature ;  in  other  words,  they  have  the  same  boiling- 
point.  For  the  purpose  in  hand,  however,  we  are  inter- 
ested in  much  lower  vapor-pressures  corresponding  to 
the  leanest  mixture  which  will  ignite,  which  is  in  the 
neighborhood  of  11  mm.  (0.43  in.)  for  the  paraffin  hydro- 
carbon. The  rate  of  change  of  vapor-pressure  with  tem- 
perature therefore  becomes  an  important  item  in  deter- 
mining the  relative  ease  of  starting,  and  it  will  be  noted 
that  the  vapor-pressure  of  alcohol  Tlrops  off  much  more 
rapidly  than  that  of  benzol  or  the  paraffin  hydrocarbon ; 
in  other  words,  while  all  the  fuels  require  about  the 
same  temperature  to  give  a  vapor  pressure  of  760  mm. 
(29.92  in.),  the  alcohol  must  be  15  deg.  cent.    (27  deg. 
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fahr.  i   warmer  than  the  paraffin  hydrocarbon  to  give  a 
vapor  pressure  of  n  mm,   (0.48  in.). 

Ignition 

The  second  difference  between  the  fuels  is  in  the  rich- 
of  the  mixture  necessary  to  make  ignition  possible. 
The  paraffin  hydrocarbon  and  benzol  are  very  similar  in 
this  respect,  but  the  molecular  weight  of  alcohol  is  si, 
much  lower  than  that  of  the  other  fuels  that  the  required 
vapor-pressure  is  nearly  three  times  as  great,  as  shown 
bj  the  vertical  position  of  the  horizontal  lines  for  each 
fuel  in  Fig.  2.  This  is  again  unfavorable  to  the  alcohol 
as  far  as  ease  of  starting  is  concerned. 

lli  vi   Required  for  Evaporation 

The  third  difference  between  the  fuels  is  in  the  amount 
of  heat  that  they  require  for  evaporation,  [f  a  fuel  and 
a  stream  of  air  arc  brought  separately  to  the  same  tem- 
perature and  then  mixed,  there  will  be  a  very  marked  cool- 
ing, due  to  the  absorption  of  the  heat  of  vaporization  as 
the  fuel  evaporates  into  the  airstream.  This  cooling  in 
the  case  of  gasoline  generally  amounts  to  around  15  deg. 
cent.  27  deg.  fahr.).  In  the  case  of  alcohol,  however, 
due  to  the  higher  heat  of  vaporization  per  molecule  ami 
the  larger  number  of  molecules  to  be  vaporized,  this 
or  becomes  about  50  deg.  cent.   (  122  deg.  fahr.). 

The  length  of  the  horizontal  lines  on  Fig.  2  therefore 
indicates  the  temperature  to  which  the  air  and  fuel  must 
be  separately  heated  in  order  that  after  vaporization  and 
the  resultant  cooling  they  shall  have  just  the  proper 
vapor-pressure  to  make  starting  possible. 

A  combination  of  these  three  factors,  as  indicated 
graphically  in  Fig.  2,  shows  that  if  the  paraffin  hydro- 
carbon  has  a  given  case  of  starting  at  — 2  deg.  cent.  (28 
deg.  fahr.  |,  the  benzol  would  have  to  be  heated  to  +4  deg. 
icnt.  i :'.;'  deg.  fahr.)  and  the  alcohol  to  +  6(>  deg.  cent. 
1">1  deg.  fahr.)  to  give  equal  ease  of  stalling,  in  spite 
of  the  fact  that  their  boiling-points  were  identical  with- 
in a  degree.  The  absolute  temperature  at  which  thej 
would  start  depends  of  course  upon  other  factors,  such 
as  the  compression,  etc. 

The  above-stated  enormous  difference  between  two 
fuels  of  the  same  boiling-point  illustrates  very  clearly 
the  futility  of  the  present  type  of  boiling-point  specifi- 
cation to  cover  the  varying  types  of  motor  fuels  with 
which  we  will  have  to  deal  in  the  near  future.  Even  for 
ordinary  mixtures  of  paraffin  hydrocarbons  with  similar 
heats  of  vaporization,  etc.,  the  custom  of  looking  upon 
the  initial-point  as  the  determining  factor  in  the  ease  of 
starting  is  indefensible,  except  for  the  rare  case  where 
the  engine  cylinders  themselves  are  flooded  with  a  large 
excess  of  the  liquid  fuel,  so  that  the  air  is  saturated  with 
the  fuel  without  appreciable  change  in  the  composition 
of  the  remaining  liquid.  The  much  commoner  practice 
of  using  a  choke  or  injecting  gasoline  into  the  manifold 
results  in  the  vaporization  of  probably  one-fourth  or  one- 
third  of  the  fuel,  and  the  vapor  pressure  of  the  liquid 
remaining  thereafter  is  the  determining  factor  in  the 
volatility,  so  far  as  it  affects  the  ease  of  starting.  Again, 
this  does  not  correspond  to  the  25-per  cent  point  or  the 
33-per  cent  point  on  the  ordinary  distillation-curve,  but 
it  is  rather  an  effective  integration  of  the  lower  end  of 
the  curve  when,  say,  25  or  33  per  cent  of  the  gasoline  ha- 
been  distilled  off  into  an  airstream  which  is  in  contact 
therewith. 

Alternative  Apparatus  for  Determining  Volatility 

For  an  approximation  probably  covering  most  hydro- 
•  n  fuels  without  serious  error,  we  have  found  it  pos- 
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sible  to  obtain  a  similar  type  of  equilibrium  solution  by 
modified  procedure,  using  the  apparatus  shown  diagram- 
matically  in  Fig.  3.  In  this  case  we  shut  with  an  empty 
flask  in  the  oil-bath  and  continually  run  in  10  parts  of 
fuel  and  distill  off  three,  the  remaining  seven  parts 
gradually  filling  the  flask.  If  this  is  done  carefully  the 
boiling-point  remains  practically  constant,  once  the  flask 
is  full  enough  to  cover  the  thermometer.  By  the  same 
method  of  reasoning  as  that  used  in  the  previous  dis- 
cussion the  composition  of  the  liquid  in  the  flask  corre- 
sponds to  that  of  a  drop  in  a  manifold  from  which  30 
per  cent  of  the  fuel  has  been  evaporated,  which  may  be 
taken  as  an  average  condition  for  starting  in  cold  weather 
by  the  use  of  a  choke  or  priming  in  the  manifold. 

In  this  case  it  is  more  difficult  to  regulate  the  input  of 
the  fuel  by  hand,  since  instead  of  maintaining  a  con- 
stant level  we  must  now  keep  the  ratio  of  the  incoming 
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and  the  outgoing  streams  constant  10  to  3,  but  this  can 
be  done  automatically  by  the  balanced-beam  device  and 
sleeve-valve  shown  in  Fig.  3.  When  three  parts  of  fuel 
reach  the  collecting-flask  the  beam  drops,  letting  in  gaso- 
line from  the  reservoir  until  10  parts  have  been  admitted 
through  the  sleeve-valve,  thus  balancing  the  beam  again. 
Only  preliminary  results  have  been  obtained  thus  far 
with  this  apparatus,  so  that  we  are  not  able  to  say  how 
the  results  compare  with  the  various  points  on  the 
ordinary  distillation-curve. 

Determining  Partial  Vaporization 

However,  to  really  measure  the  effective  volatility  of 
the  fuel  for  starting,  and  to  check  up  the  validity  of  the 
above-suggested  method  of  measurement,  we  have  de- 
vised still  a  different  apparatus,  shown  diagrammatically 


Air 


Circulemng 
Pump 
Thermometer 


■Thermometer 


Fig.   4 — Apparatus  for   Determining  Partial- Vaporization 
Temperatures 

in  Fig.  4,  which  attempts  to  take  into  account  by  a  rea- 
sonably simple  laboratory  method  all  the  factors  in  which 
fuels  may  differ  as  to  their  ease  of  starting.  The  method 
consists  essentially  of  continuously  passing  a  stream 
consisting  of  five  parts  of  air  and  one  part  of  fuel,  by 
weight,  to  approximate  the  average  ratios  used  in  start- 
ing with  a  choke,  through  an  ice-calcium  chloride  bath 
whose  temperature  can  be  controlled  by  circulation,  and 
then  allowing  the  two  streams  to  mix  in  a  lagged  column 
of  glass  beads.  By  this  means  the  gasoline  is  cooled  by 
evaporation  as  it  would  be  in  a  manifold  and  the  air  be- 


comes saturated  with  the  lighter  constituents  of  the  fuel. 
All  the  liquid  fuel  passes  out  at  the  bottom,  suspended 
drops  being  removed  by  the  plug  of  cotton.  The  stream 
containing  the  vaporized  portion  of  the  fuel  then  passe§ 
a  spark-plug  which  is  operating  continuously.  The  tem- 
perature of  the  ice-calcium  chloride  mixture  in  the  bath 
is  then  gradually  raised  until  the  first  ignition  in  the 
exit  tube  is  secured,  and  the  temperature  of  the  air  leav- 
ing the  ice-bath  at  that  time,  which  should  be  practically 
identical  with  that  of  the  fuel  and  the  bath,  is  taken  as 
the  effective  starting-temperature  of  the  given  fuel. 

Cooperation  Sought 

As  indicated  above,  we  are  only  now  starting  work  on 
the  measurement  of  the  effective  volatility  by  these 
methods  and  can  say  nothing  as  to  their  validity  or,  in- 
deed, as  to  whether  the  apparatus  may  not  require  con- 
siderable modification  to  give  reliable  results.  I  am 
presenting  these  preliminary  results  and  ideas  at  this 
time,  however,  in  the  hope  that  both  producers  and  con- 
sumers of  motor  fuels  may  realize  the  inadequacy  of 
present  methods  of  testing  and  specifications,  and  that 
many  laboratories  may  unite  in  trying  to  work  out  test- 
ing methods  that  really  measure  the  properties  in  which 
we  are  interested. 

If  satisfactory  tests  based  on  these  methods  can  be 
worked  out,  it  will  do  away  entirely  with  the  need  for 
specifying  five  points  on  the  distillation  curve.  We  will 
require  just  two  tests,  one  for  starting  volatility  and 
another  for  what  we  may  call  "distribution  volatility" 
or  "effective  end-point,"  which  also  largely  determines 
economy  and  crankcase  dilution. 

As  I  have  indicated,  our  laboratory  has  no  desire  to 
stake  out  this  field  of  investigation  for  itself,  but  rather 
hopes  that  as  many  laboratories  as  possible  will  follow 
up  the  suggestions  and  make  such  improvements  as  may 
occur  to  them  until  enough  data  are  collected  to  make 
possible  the  evolution  of  a  definite  standard  method  of 
conducting  the  tests.  We  will  be  more  than  glad  to  co- 
operate with  other  individuals  and  laboratories- to  this 
end. 

H.  L.   HORNING 

REPRESENTING  the  National  Automobile  Cham- 
ber of  Commerce  and  the  Society  of  Automotive 
Engineers,  H.  L.  Horning  gave  an  address  on 
the  responsibility  of  the  petroleum  and  the  automotive 
industries  to  the  public.     He  said: 

No  industry  should  make  the  error  of  assuming  that 
its  own  house  is  swept  clean  and  it  is  therefore  proper 
to  say  that  if  motor  fuel  and  lubricating  oil  marketed 
today  are  not  perfect,  there  are  many  details  of  engine 
design,  construction,  sale  and  service  that  can  be  im- 
proved. There  are  limitations  beyond  which  petroleum 
technologists  cannot  go,  due  to  the  physical  and  chemical 
nature  of  the  petroleum  products  and  to  economic  in- 
fluences. There  are  likewise  limits  beyond  which  the 
automotive  engineers  cannot  go,  set  by  the  laws  of  me- 
chanics, thermodynamics,  chemistry  and  physics,  and 
the  peculiarities  of  human  nature.  During  the  last  two 
years  the  automotive  industry  has  endeavored  to  vaporize 
fuels  more  effectively,  and  there  has  been  an  effort  on 
the  part  of  the  petroleum  industry  to  arrive  at  uniformity 
in  fuel  specifications. 

The  efforts  of  the  automotive  industry  to  vaporize  the 
fuels  that  have  been  available  in  the  last  few  years  can- 
not be  considered  entirely  successful.  Even  the  cars  that 
it  is  believed  have  the  best  systems  may  show  more 
liquid  in  the  crankcase  after  running  500  miles  than  at 
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the  beginning.  Oil  consumption  can  be  measured  only 
by  the  amount  of  oil  supplied  since  the  last  complete 
filling  after  draining.  There  is  no  definite  way  to  tell 
how  much  real  lubricating  oil  is  used  as  such,  between 
two  fillings.  The  dilution  of  lubricating  oil  by  the  un- 
vaporized  and  partially  burned  fuels  is  considered  by 
many  of  the  leading  automotive  engineers  a  measure  of 
the  failure  to  vaporize,  and  of  the  decreasing  volatility 
of  the  fuels.  The  wide  variation  in  the  distillation  curves 
of  the  fuels  reported  on  by  the  Bureau  of  Mines  in  its 
last  fuel  survey  indicates  that  there  is  no  single  known 
device  that  will  vaporize  both  the  lightest  and  the 
heaviest  of  these  fuels  in  an  equally  satisfactory  manner. 
The  service  departments  and  engineers  of  some  com- 
panies are  at  the  very  end  of  their  technical  resources  in 
countering  the  results  <>f  the  decreasing  volatility. 

It  may  be  well  to  consider  what  fundamental  char- 
acteristics of  fuels,  lubricating  oils  and  engine  design 
made  possible  the  petroleum  industry  with  its  vast  trade 
in  motor  fuels  ami  lubricating  oils,  and  the  automotive 
industry  producing  passenger  cars,  trucks  and  tractors. 


FUEL  CHARACTERISTICS 

Liquid  fuel  of  high  volatility 
Fairly  uniform  viscosity 
Chemical  purity 

Stability  of  chemical  structure 

High  energy-content 

Wide  marketing  at  a  low  price 


(1) 
(2) 

(3) 
(4) 
(5) 
(6) 

INTERN AL-C0MBUSTI0N-ENGINK   CHARACTERISTICS 

(11    Reliability  of  four-cycle  design 

(2)  Well  understood  design 

(3)  Easy  operation  by  persons  of  a  widely  varying 
intelligence 

(4)  Successful  operation  under  greatly  different  con- 
ditions 

(5)  Accessibility  and  ease  of  repair 

(6)  Low  cost  of  maintenance 

(7)  Light  weight 

(8)  Low  selling  price,  relative  to  the  means  of  a  large 
number  of  people  to  whom  the  economic  value  is 
great 

CARBURETERS 

(1)  Reliability  in  metering,  atomizing  and  vaporizing 
the  fuel 

(2)  Simplicity  and  low  number  of  parts  easy  of  ad- 
justment 

IGNITION 

(1)  Reliable  spark-plug  easily  cleaned 

(2)  Simple,  practical  generating  system 

LUBRICATING   OIL 

(1)  Sufficient  stability  to  prevent  disintegration  or 
vaporization 

(2)  Sufficient  body  to  keep  moving  elements  apart 

(3)  Adequately  low  internal-friction  or  viscosity 

(4)  Wide  marketing  at  reasonable  cost 

LUBRICATING    SYSTEM 

(1)  Practical  lubrication  of  moving  parts  with  a  fairly 
wide  range  of  oil  qualities 

(2)  Distribution  of  oil  in  satisfactory  quantities 

(3)  Assured  practical  lubrication  over  wide  ranges  of 
temperature,  load,  speed,  service  and  neglect 

All  the  years  of  development  and  experience  from  1900 
to  1922  have  not  shown  that  we  can  deviate  in  the  slight- 
est degree  from  these  fundamentals  without  lowering 
the  economic  value  of  automotive  apparatus  to  the  public. 

I  have  asked  a  great  many  well-informed  men  where 
they  thought  the  industries  would  be  today  if,  instead  of 
utilizing  the  reliable  four-cycle  engine  and  the  volatile 
fuels,  we  had  built  the  Diesel  engine,  with  which  vola- 


tility, the  carbureter,  the  spark-plug  and  the  ignition 
system  are  not  necessary.  The  average  answer  has  been 
that  we  would  be  at  about  our  1903  development. 

Volatility  the  Main  Dependency 

The  volatility  of  the  1900  to  1910  gasoline  made  up  for 
the  imperfect  design  of  the  carbureters  of  those  days. 
Of  all  the  physical  characteristics  of  motor  fuel,  vola- 
tility was  ami  still  remains  our  main  dependency  in  the 
operation  of  motor  vehicles  of  the  type  that  has  proved 
to  be  practical  in  meeting  the  demands  of  modern  times. 

Professor  Wilson,  of  the  .Massachusetts  Institute  of 
Technology,  has  done  our  industries  ami  the  public  a 
great  service  in  pointing  out  technical  methods  by  which 
the  condensation  points  of  the  vapors  of  fuels  of  various 
distillation  characteristics  can  be  determined  with 
accuracy.  These  tests  appear  to  many  to  be  the  best  ap- 
proach to  a  true  understanding  of  volatility  yet  available. 

There  has  been  great  complaint  of  the  sudden  increase 
in  content  of  highly  volatile  fractions  in  motor  fuels  in 
the  United  States  during  the  last  summer  ami  fall,  as 
evidenced  by  the  low  initial  boiling-points  given  in  the 
Bureau  of  Mines'  reports  and  by  a  variety  of  experi- 
ences recognized  by  motorists  who  know  and  suffered  by 
those  who  did  not  know.  Nearly  all  modern  carbureters 
meter  the  liquid  fuels  through  nozzles  or  orifices  of 
various  shapes  which  give  accurate  results  under  definite 
predetermined  conditions.  The  gravity  and  the  viscosity 
of  the  fuels  are  of  most  striking  economic  importance  in 
this  connection.  Viscosity  is  determined  by  the  internal- 
friction  of  the  fluid.  In  a  nozzle,  viscosity  governs  the 
amount  of  fluid  flowing  under  given  pressures  and  tem- 
peratures. Temperature  changes  the  viscosity  in  a  rapid 
and  marked  manner. 

Gravity  and  Viscosity 

There  is  a  difference  in  flow  of  from  5  to  25  per  cent 
with  the  carbureters  now  in  use  between  temperatures  of 
60  and  90  deg.  fahr.  in  the  case  of  fairly  volatile  fuels. 
There  is  a  great  change  in  viscosity  with  changes  in 
gravity  and  volatility.  There  is  a  difference  of  10  per 
cent  in  the  flow  of  the  fuels  in  the  extreme  cases  of  the 
Bureau  of  Mines'  report.  The  higher  the  gravity,  or 
molecular  weight  of  any  fuels  of  similar  origin  or  struc- 
ture is,  the  higher  the  viscosity  is,  and  the  less  the  flow 
with  a  given  nozzle,  as  well  as  the  volatility.  The  less 
volatile  the  fuels  are,  the  greater  the  viscosity  and  the 
less  the  flow  through  any  given  nozzle  are.  During 
periods  when  you  oil  men  want  to  work  off  heavy  fuels, 
or  have  a  shortage  of  volatiles,  the  public  simply  has  to 
open  up  the  gas  to  run.  May  the  Lord  help  the  man  who 
has  a  fixed-nozzle  outfit ! 

However,  in  periods  like  the  last  summer  when  you 
wanted  to  move  volatiles,  nothing  happened  except  that 
unawares  the  average  man  found  he  was  making  13  in- 
stead of  15  to  16  miles  to  the  gallon  and  some  touring 
individuals  had  to  walk  5  miles  or  so  for  fuel  because 
their  fuel  supply  ran  out  ahead  of  time.  It  is  impos- 
sible to  estimate  the  amount  of  good  fuel  wasted  this 
year  due  to  the  low  viscosity  attending  your  effort  to 
move  highly  volatile  fuels,  and  I  suspect  that  an  appre- 
ciable part  of  your  record  of  a  recent  month  in  which 
you  were  reported  to  have  marketed  500,000,000  gallons 
of  gasoline  was  due  to  its  low  viscosity  in  the  hands  of 
an  unknowing  public. 

Uniformity  Essential 

Now  this  fact  is  above  all  others  the  one  that  imposes 
on  the  petroleum  industry  the  entire  weight  of  a  high 
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moral  responsibility  for  a  uniformity  in  the  marketing 
of  motor  fuel,  both  as  to  volatility  and  as  to  viscosity. 
It  is  not  my  place  to  moralize  with  you,  but  it  is  fitting 
for  both  our  industries  to  ask  if  it  is  fair,  I  will  put  it 
even  stronger,  American  in  spirit,  to  foster  a  trade  where- 
in the  public  is  served  with  so  varying  a  quality.  I  wonder 
how  many  oil  companies  took  the  trouble  this  last  fall  to 
have  their  tank-wagon  and  service-station  men  tell  their 
customers  they  could  cut  down  the  fuel  feed.  A  simple 
service  this  but,  I  fear,  a  neglected  one.  I  make  a  plea 
for  uniformity  in  volatility  and  viscosity,  and  can 
promise  an  improvement  in  mileage  and  a  satisfactory 
saving  in  first  cost  and  up-keep  of  automotive  apparatus, 
if  you  will  see  that  this  uniformity  is  approached. 

Let  us  now  consider  the  total  losses  imposed  by  fuel 
and  engine  limitations.  If  there  were  no  losses  whatso- 
ever, it  would  be  possible  to  get  a  brake  mean  effective 
pressure  of  582  lb.  per  sq.  in.  of  cylinder  area.  The 
highest  attainable  brake  mean  effective  pressure  is,  after 
all  losses  are  deducted  from  the  maximum  possible 
pressure,  only  from  25  to  15  per  cent  of  this  figure,  de- 
pending upon  the  type  of  engine  and  of  fuel. 

Chemical  Stability 

Referring  back  to  the  fundamental  analysis  of  the 
characteristics  of  motor  fuel  that  made  our  industries 
possible,  I  call  your  attention  to  the  matter  of  chemical 
stability,  that  quality  which  permits  the  fuels  to  be 
burned  at  high  compression  and  in  such  an  orderly  way 
as  to  give  high  thermal  efficiency.  I  will  not  dwell  on 
this  matter  more  than  to  say  that  the  tendency  to  knock 
arising  from  chemical  instability  is  largely  responsible 
for  the  low  compression  commonly  used  and  for  a  loss 
of  23  to  50  per  cent  in  mileage.  This  fuel  defect  can  be 
overcome  to  only  a  relatively  small  extent  by  improve- 
ment in  engine-cylinder  design.  The  great  deposits  of 
carbon  encountered  in  the  use  of  latter-day  fuels  is  due 
in  a  large  measure  to  this  Bolshevik  tendency  of  the  fuel. 
With  lower  volatility  comes  increased  knocking,  neces- 
sitating lower  compression  and  lower  efficiency.  With 
the  knocking  tendency  eliminated,  smaller  engines  could 
be  used  and  operated  more  nearly  at  their  full-load 
capacity.  Messrs.  Kettering  and  Midgley  have  accom- 
plished results  in  the  last  year  along  the  lines  of  dis- 
covering correctives  for  this  defect  in  the  fuels,  which 
in  time  cannot  help  being  considered  epochal. 

The  petroleum  industry  has  fallen  into  the  error  of 
vindicating  the  lower  volatility  on  the  ground  of  a  higher 
energy  content  of  the  fuel  expressed  generally  in  British 
thermal  units.  The  high  energy  would  be  gratifying  if 
available.  Some  facts  of  importance  to  the  petroleum 
industry  were  arrived  at  this  year  by  Harry  Ricardo  in 
a  very  thorough  investigation  of  fuels  for  the  Asiatic 
Petroleum  Co.  of  Great  Britain.  These  facts  may  be 
stated  briefly  as  follows: 

In  general,  when  all  hydrocarbon  fuels  are  tested 
under  the  same  conditions,  in  which  sufficient  heat  is 
applied  to  vaporize  them,  and  at  compressions  at  which 
the  most  unstable  will  not  detonate,  it  is  found  that 
they  give  the  same  power  and  thermal  efficiency  within 
1  per  cent,  and  this  power  is  attained  with  a  mixture 
giving  complete  combustion.  There  are  many  charac- 
teristics of  the  fuel,  as  well  as  limiting  factors  in  en- 
gine design,  that  make  the  heat  energy  available  only 
in  a  limited  degree.  Claims  for  great  power  in  fuels 
marketed  are  of  doubtful  accuracy.  Those  fuels  that 
have  the  higher  volatility  and  stability  always  tend 
toward  a  greater  return  from  the  energy  in  them  than 
those  of  low  volatility  and  inferior  stability. 


Questionnaire  Results 

I  wrote  fourteen  executives  engaged  in  the  automotive 
industry,  who  not  only  are  leaders  but  have  an  economic 
as  well  as  an  engineering  appreciation  of  the  questions 
involved  in  the  fuel  problem.  I  will  give  a  recapitulation 
of  their  answers.  I  am  not  going  to  draw  any  conclu- 
sions from  them  for  you,  for  I  believe  the  individual 
answers  should  have  your  serious  consideration.  Abbrevi- 
ating an  observation  set  forth  by  Schopenhauer,  you  will 
probably  act  on  these,  on  an  impulse  having  its  origin  in 
your  character,  rather  than  in  the  influence  of  your 
knowledge  of  the  facts. 

The  questions  and  answers  are  as  follows : 

Question  1 — What  percentage  of  all  the  fuels  wasted 

is  due  to  the  high  end-point? 
Answer — The  greatest  losses  occur  during  the  start- 
ing from  cold,  running,  idling  and  accelerating. 
The  losses  are  least  with  highly  heated  va- 
porizing systems  and  may  show  a  difference  of 
only  3  per  cent. 

With  the  average  motor  car  30  per  cent  of  the 
waste  is  due  to  high  end-point. 

Lower  end-point  would  reduce  crankcase  dilu- 
tion. One  engineer  says  that  there  is  a  direct 
waste  of  20  per  cent  due  to  high  end-point  in 
the  average  engine,  but  that  the  indirect  result 
of  high  end-point  may  be  as  much  more  waste. 
One  claims  a  60-per  cent  loss  during  the  start- 
ing and  warming-up  period,  or  generally  during 
cold-period  running. 

With   highly   efficient   manifolds   Navy-specifica- 
tion gasoline  can  be  made  to  operate  with  very  lit- 
tle loss,  as  compared  with  350-deg.  fahr.  end-point 
fuels,  if  it  is  kept  uniform. 
Question  2 — What  percentage  of  fuel  waste  is  due  to 

the  effort  of  the  user  to  prevent  knocking? 
Answer — Probably  2  per  cent  of  fuel  is  wasted  by  rich 
setting  for  heavy  pulling,  and  28  per  cent  by  best 
setting  for  power. 

Some  waste   is  due   to   improper   setting  of  the 
spark. 
Question  3 — What  percentage  of  fuel  wasted  is  due  to 

the  necessity  of  low  compression-ratio? 
Answer — An  increase  in  mileage  of  from  30  to  100  per 

cent  is  possible  with  higher  compressions. 
Question  4 — What  percentage  of  fuel  waste  is  due  to 

overall  conditions? 
Answer — Motor  cars  would  use  16  per  cent  less  fuel  if 
uniformity  in  fuels  prevailed. 

There  is  a  28  per  cent  loss  due  to  the  effort  to 
get  maximum  power. 

It  is  possible  to  increase  the  mileage  60  per  cent 
with  uniform  fuels. 
Question  5 — Does  the  standard  Navy  specification,  120 
to  440  deg.  fahr.,  represent  a  practical  fuel  today? 
Answer — It  is  a  satisfactory  standard  for  a  uniform 
fuel  and  the  limit  for  present  automotive  equip- 
ment. It  can  be  handled  well  with  good  hot-spot 
manifolds.  One  engineer  says  that  it  is  practical 
but  not  desirable  for  average  cars  or  conditions. 
One  advises  the  installation  of  a  separate  tank  for 
starting-gasoline  of  72  deg.  Baume  for  winter. 
Question  6 — Is  the  last  10  per  cent  coming  off  from  the 
distillation  of  Navy-specification  gasoline  responsi- 
ble for  10  per  cent  of  the  power  actually  delivered, 
or  is  there  a  loss  due  to  the  difficulty  of  vaporiz- 
ing it? 
Answer — The  energy  of  last  10  per  cent  of  heavy  fuel 
can  be  made  entirely  available  in  well-heated  mani- 
folds. There  is  about  a  10  per  cent  loss,  not  nec- 
essarily consisting  of  the  last  10  per  cent,  but  ■ 
largely  due  to   it;  in  the   average   manifolds  with 


Vol.  X 


January.   1922 


No.   1 


(  HICAGO  l'l  EL  MEETING 


23 


higher  end-point  fuels.    Some  engineers  claim  that 
the  last  LO  pei  cent  of  fuel  is  of  no  value  and  that 
ion  deg.  fahr.  is  the  maximum  end-point  for  pra< 
tical  fuels. 

The  complaint  today  is  of  much  higher  end- 
point. 

Question  7 — If  the  end-point  of  fuels  were  increased 
10  per  cent,  what  percentage  of  the  energy  in  the 
10  per  cent  of  heavy  fuel  would  be  available  in  the 
average  car  now  in  operation? 

Answer  the  10  per  cent  of  energy  would  be 

available  with  cold  manifolds  and  during  starting 
and  cold  running  even  with   hot   manifolds. 

With  uniform  fuels  an  engine  could  l"-  produced 
to  burn  fuels  of  480-deg.  end-point,  bul  no  engine 

is  so  equipped  now. 

Q[  ESTION  8—  Is  there  a  growing  demand  for  fuels  con- 
taining aromatics  and  naphthem 

Answer     5fes,  even  at  a  higher  price. 

Question  9  if  fuels  had  an  end-point  of  350  deg. 
fahr..  would  less  gasoline  be  consumed  per  mile? 
What  percentage  less? 

Answer  There  would  be  more  mileage,  up  to  25  per 
cent,  with  proper  readjustment  of  carbureter. 

There  would  be  a  saving,  particularly  in  starting 
and  in  cold  operating. 

Without  change  of  carbureter  adjustments  there 
would  be  a  decrease  in  mileage  with  light  fuel  in 
summer,  but  an  increase  in  winter. 

With  proper  manifolds  there  would  be  no  differ- 
ence after  warming-up. 

Question  10 — If  large  quantities  of  fuel  with  aromatic 
content  were  available,  would  the  public  drift  to 
it  even  at  higher  price-'.' 

Answer — The  great  demand  will  always  be  for  lower- 
priced  fuel. 

There  will  be  a  demand  for  any  fuel  that  will 
not  knock.  In  the  case  of  engines  that  knock  easily 
the  tendency  will  be  to  use  the  aromatic  fuels; 
cheap  petroleum  products  will  be  used  for  those 
engines  that  do  not  knock  easily.  Those  whose  en- 
gines develop  knocks  will  go  to  aromatics  when 
the  price  is  not  over  10  per  cent  above  the  lowest 
price  for  fuel.  There  is  a  marked  growing  demand 
for  fuels  with  aromatic  content. 

Question  ll — What  is  the  percentage  difference  in  the 

length  of  service  for  pistons,  rings  and  cylinders, 
assuming  that  100-per  cent  service  is  given  with 
fuel  of  350-deg.  end-point?  The  service  under  con- 
sideration is  with  440-deg.  end-point. 
ANSWER— Pistons  of  out-of-date  model  will  wear  twice 
as  long  with  350  as  with  440-deg.  end-point. 

With  a  good  hot  spot  manifold,  they  will  last 
10  per  cent   longer. 

With  high  temperature  of  mixture  and  no  de- 
tonation there  will  be  little  difference;  but  the  fuel 
would  have  to  be  uniform. 

Very  often  dust  is  the  cause  of  wear  assigned 
to  high  end-point  fuel. 
QUESTION  12 — How  much  more  lubricating  oil  will  he 
used,  due  to  dilution  on  the  cylinder  walls  and  in 
the  crankcase,  when  using  Navy  jpecifii  ati  in  gaso- 
line than  when  using  350-deg.  end-point  f  > 
Answer— Dilution  increases  with  end-point. 

The  oil  has  to  be  changed  more  frequently  with 
increase  in  end-point;  hence  there  is  greater  oil 
wa 

There  is  little  dilution  with  350-deg.  end-point 
gasoline. 

Efficient  hot-spot  manifolds  reduce  dilution  and 
the  consumption  of  lubricating  oil. 

Dilution  occurs  mostly  in  starting,  in  cold- 
weather  running  and  during  warming-up. 

On  some  engines  the  lubricating  nil  consumption 


will  be  double  with  lid  as  compared  with  350-deg. 
end  point  gasoline. 

Design  can  control  this  for  a  uniform  fuel 
Question   L8     What  mileage  is  lost  due  to  poor  com- 
pression   resulting   from    the    use   of   440-deg.   end 
point  fuel,  compared  with  350-deg.  end-point? 

ANSWER      In    engines    without    vaporizing    systems    the 
loss  is  about  'J.',  per  cent. 

In   engines   equipped   with    usual    designs   of    hot 
-pot    it   u  ill   not   exceed   1(1  per  cent. 

In  engines  in  which  the  intake  manifold  is  raised 

to  very  high  temperatures  with  some  of  the  prod 

nets  of  combustion,   it   is   possible  to   burn   530-deg. 

end  i it  fuel  without  defects  in  compression. 

Reverting  again  to  the  fundamental  analysis  of  the 
cause  of  the  rapid  development  of  our  industries,  1  want 
to  present  a  review  of  the  conditions  that  confront 
sales,  service  and  engineering  departments  of  a  company 
whose  apparatus  must  meet  the  varying  fuels  which  your 
decisions  dictate.  Let  me  dispose  of  the  carbureter  by 
stating  that  long  ago  it  lost  its  originally  intended  func- 
tion of  vaporizing  the  fuel.  As  an  instrument  for  metei  in  ; 
the  fuel  anil  air  it  has  reached  a  high  state  of  development. 
Nothing  except  a  manual  control  of  fuel  flow  has  been 
devised  to  meet  the  widely  varying  viscosities  imposed  by 
temperature  conditions  of  our  climate  and  changes  im- 
posed by  the  engine;  or  the  varying  viscosities  in  the 
fuels  on  the  market.  If  a  fairly  uniform  volatility  could 
be  attained  by  the  petroleum  industry,  a  fixed-jet  car- 
bureter could  be  used  that  would  remove  one  of  the  causes 
of  greatest  waste,  namely,  a  gasoline  adjusting-valve  in 
the  hands  of  an  unskilled,  forgetful  and  in  a  measure 
irresponsible  public.  This  would  eventually  save  gaso- 
line in  a  considerable  quantity.  The  certainty  of  a  uni- 
form fuel  would  permit  manufacturers  to  solve  problems 
such  as  dilution  of  crankcase  oil  and  rapid  wear  of  parts. 

Temperature  variations  can  be  met  practically  with 
uniform  fuels  by  vaporizing  devices  of  high  overall  effi- 
ciency, excellent  distribution  being  attained.  The  de- 
vices cannot  be  efficient  with  a  wide  variation  in  vola- 
tility and  viscosity. 

Simplicity  a  Prime  Consideration 

The  automotive  industry  has  found  that  it  cannot  de- 
pend upon  the  intelligence  or  care  of  the  public  for  com- 
plicated adjustments.  The  devices  that  make  good  are 
those  in  which  there  is  no  adjustment.  The  most  suc- 
cessful engine  is  that  which  continues  to  operate  without 
adjustments  over  long  periods.  Whether  this  is  right 
or  wrong  is  immaterial.  The  economic  significance  of 
this  simple  fact  overshadows  every  other  phase. 

The  loss  due  to  interrupted  service  of  automotive 
apparatus  is,  irrespective  of  cause,  a  loss  to  national 
wealth  which  is  sustained  by  the  public  in  general  and 
by  the  automotive  and  the  petroleum  industries  in  par- 
ticular. This  is  a  most  significant  feature  of  our  mutual 
problems.  If  we  make  highly  technical  apparatus  to 
meet  the  rapidly  varying  qualities  of  fuel,  we  will  defeat 
our  very  object  in  the  bands  of  the  public. 

The    replies    to    a    questionnaire    sent    to    20,000    car 
owners   by   the   National   Automobile   Chamber   of   Com- 
merce indicate  that  the  preferential  basis  on  which  car 
are  bought  is  as  follows : 


Per  Cent 

Endurance    18 

Comfort     11 

Trice     10 

Appearance    9 

Economy 8 

Service     7 


Per  Cent 

Flexibility 7 

Hill-Climbing  At  ilii 

Endorsement    6 

Specifications   ...:..  6 

Speed   a1-.. 

Appointments 5l/2 
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We  plead  with  you  for  uniformity  of  gasoline  volatility 
on  the  ground  of  the  improvement  that  will  come  in  the 
operation  of  the  apparatus  in  reference  to  endurance, 
comfort,  economy,  service,  flexibility  and  hill-climbing 
ability,  the  combined  percentage  of  which  is  57. 

More  than  anything  else  the  reliability,  what  the  pub- 
lic calls  endurance,  is  responsible  so  far  as  the  engine  is 
concerned  for  the  rapid  growth  of  the  industry.  From  a 
practical  standpoint  that  engine  is  the  best  which  will 
give  satisfaction  even  when  it  is  in  a  dilapidated  condi- 
tion. The  service  value  outweighs  the  matter  of  effi- 
ciency. As  times  change  and  fuels  rise  in  price  the 
question  of  efficiency  will  gain  in  importance. 

Lubricating  Oils 

Lubricating  oils,  which  were  so  important  at  the  be- 
ginning of  the  industry,  have  become  one  of  the  most 
vexing  problems  with  the  decline  in  fuel  volatility.  The 
president  of  one  of  our  best  known  motor  car  companies 
has  made  the  statement  that  during  the  years  1918  and 
1919  the  problems  of  piston  and  cylinder  lubrication  cost 
that  company  $1,000,000  in  service.  In  the  last  year 
several  firms  have  rebuilt  their  engines  as  many  as  three 
times  to  stop  oil-pumping.  Lubricating  oils  have  been 
variable  in  viscosity.  The  automotive  industry  would 
like  to  cooperate  with  the  petroleum  industry  in  arriving 
at  a  reasonable  specification  for  certain  services  and 
then  have  the  petroleum  industry  stick  to  it.  We  regret 
to  state  that  the  variations  in  lubricating  oils  in  the  last 
5  years,  even  among  those  most  widely  used,  are  drastic. 
As  fuels  have  decreased  in  volatility  it  has  been  increas- 
ingly important  to  have  oils  of  greater  body  to  offset  the 
dilution.  Heavy  lubricating  oil  is  an  important  cause  of 
loss  in  mechanical  efficiency  and  of  increase  in  fuel  con- 
sumption. 

Many  systems  of  lubrication  have  been  developed.  The 
final  forms  of  these  must 

(1)  Give  satisfaction  irrespective  of  oil  and  fuel  qual- 
ities 

(2)  Require  little  or  no  attention  by  the  public 

(3)  Be  almost  automatic 

These  factors  tax  the  best  ingenuity  of  the  automotive 
industry  and  lead  to  very  unfavorable  compromises. 
Here  again  uniformity  in  fuels  and  oils  would  be  of 
immense  value  in  the  operation  of  engines. 

Saturation  Point  and  Fuel  Famine 
In  conclusion,  let  me  assure  you  that  the  automotive 
industry  believes  that  it  will  be  many  years  before  there 
will  be  saturation  of  the  market  for  passenger  cars, 
trucks  and  tractors.  In  the  last  year  many  new  uses 
have  been  found  for  the  internal-combustion  engine. 
During  the  coming  year  probably  more  cars  will  be  pro- 
duced than  were  produced  last  year,  when  the  output  was 
approximately  1,200,000,  of  which  800,000  were  Fords. 


There  is  a  growing  belief  in  the  automotive  industry 
that  there  is  no  real  danger  of  a  fuel  famine.  The  im- 
mense reserve  in  technical  and  scientific  possibility 
promises  that  the  incentive  alone  will  be  needed,  as  the 
near-famines  threaten,  to  meet  the  demands  of  many 
succeeding  generations.  There  is,  however,  no  justifi- 
cation for  the  present  waste  on  the  basis  of  no  threatened 
shortage  of  fuels. 

A  study  of  the  natural  processes  by  which  the  energy 
of  the  sun  was  stored  up  millions  of  years  ago  in  the 
form  of  what  we  call  petroleum  indicates  that  by  scien- 
tific methods  the  energy  reaching  us  can  be  caught  and 
marketed  each  year,  as  in  the  case  of  food.  This  is  the 
resource  to  be  depended  upon  when  new  fields  shall  have 
ceased  to  respond  to  the  incentives  that  actuate  fortune- 
hunters. 

Fuel  Marketing  Policy 

The  automotive  industry  offers  for  your  serious  con- 
sideration the  following  policy  in  the  marketing  of  motor 
fuel.  If  you  will  see  that  the  poorest  fuel  offered  for 
sale  is  close  in  volatility  and  viscosity  to  Navy-specifi- 
cation fuel,  the  most  disturbing  variable  will  be  elimi- 
nated from  the  fuel  problem  before  the  automotive  in- 
dustry. Your  undertaking  to  do  this  will  insure  greater 
satisfaction  in  the  operation  of  the  10,000,000  cars  out 
today.  The  life  of  the  wearing  parts  will  be  prolonged. 
This  uniformity  will  go  a  long  way  toward  solving  your 
lubricating-oil  problem.  You  will  by  this  act  stabilize 
the  growth  of  the  automotive  industry,  conserve  a  great 
quantity  of  fuel,  decrease  the  engine-upkeep  cost,  and 
reduce  the  depreciation  rate. 

I  believe  that  business  in  America  is  today  on  the  high- 
est moral  plane  that  the  world  has  ever  known.  I  be- 
lieve that  business  and  particularly  big  business  is  being 
conducted  on  a  thoroughly  sound  ethical  basis.  I  believe 
that  more  transactions  are  being  conducted  on  the  basis 
of  good  faith  between  individuals  than  has  been  thought 
possible.  I  believe  that  there  is  a  new  aristocracy  among 
men  and  nations  who  prove  daily  that  a  man's  word  is 
the  limiting  factor  in  the  value  of  a  contract  or  a  treaty. 
I  rest  the  case  on  this  faith,  leaving  it  to  the  decisions 
of  your  conscience. 

I  would  have  you  consider  carefully  an  economic  truth. 
No  transaction  is  economically  sound  that  does  not  recog- 
nize two  profits,  that  of  the  buyer  as  well  as  that  of  the 
seller.  It  is  the  buyer's  profit  that  in  the  long  run  deter- 
mines the  measure  of  the  seller's  prosperity  and  stabilizes 
the  market.  It  takes  strong  conviction  and  splendid 
courage  to  accept  this  truth  at  its  full  value  and  to  act 
on  it.  Yet  our  industries  cannot  serve  the  public  fully 
by  adopting  any  compromise  that  will  not  insure  to  the 
public  the  maximum  returns  arising  out  of  uniformity 
in  fuels  and  lubricating  oils  and  the  very  best  engines 
that  this  uniformity  will  promote. 


ROADS 


GRANTING  that  the  preparation  of  the  roadbed  has  been 
properly  done,  many  kinds  of  highway  surface  will  give 
excellent  service.  The  element  of  time  is  important.  There 
are  so  many  miles  of  highways  to  be  constructed  and  their 
cost  will  be  so  enormous  that  the  most  careful  and  detailed 
study  of  each  highway  project  must  be  made  to  provide,  at 
the  lowest  possible  cost,  highways  that  will  give  satisfactory 
service  and  can  be  maintained  without  undue  depreciation 
under  the  traffic  that  is  to  use  them.  Many  times  the  ques- 
tion has  been  asked,  what  type  of  highway  is  best?  The 
answer  is,  there  is  no  one  best  kind  or  type  of  highway  sur- 
face. 

Subgrade,    drainage    and   present    and    prospective    traffic, 


vitally  affect  the  determination  of  the  standards  of  construc- 
tion to  be  used.  There  must  be  a  careful  analysis  of  the 
engineering  and  economic  conditions  for  each  particular  case 
to  determine  the  kinds  of  material  that  can  be  used  success- 
fully, and  after  these  facts  are  determined  the  various  types 
of  construction  that  can  be  used  economically  should  be 
brought  into  competition  to  secure  the  best  possible  results. 
The  cost  must  always  be  considered  in  determining  the  type 
of  highway  surface  to  be  used,  and  the  allowable  cost  must 
be  determined  by  the  traffic  that  is  to  be  borne.  Local  con- 
ditions vary  to  such  an  extent  that  very  careful  consideration 
must  be  given  to  all  the  factors  that  have  a  bearing  on  each 
individual  project. — T.  H.  MacDonald. 
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The  Trend  of  Aviation  Development 


By  .1.  (i.  Vincent1 


GROUPING  the  influences  that  are  retarding  the  de- 
velopment of  aviation  into  five  specified  division.-, 
the  author,  who  took  a  prominent  part  in  the  develop- 
ment of  the  Liberty  engine  and  other  wartime  aviation 
activities  of  the  Government,  discusses  each  one,  in  the 
onier  of  their  importance,  in  an  effort  to  point  out  the 
limitations  that  exist  as  differentiated  from  miscon- 
ed  nonexistent  limitations  and  to  indicate  remedial 
measures  stimulative  to  a  provident  trend  and  vigorous 
growth  of  aviation. 

The  subjects  of  adequate  landing-fields,  the  real  and 
imaginary  dangers  of  flying,  single  and  multi-engine 
airplanes,  passenger  comfort  and  commercial  consid- 
erations are  treated  at  some  length,  prefatory  to  an 
outline  of  the  trend  of  airplane  design  and  an  enumer- 
ation of  powerplant  requirements.  With  an  outlook 
toward  future  development,  the  essentials  of  air  trans- 
portation are  commented  upon  specifically  under  four 
divisions  inclusive  of  landing-field  policy  and  Go\ 
mental  mail-contract  patronage  and  experiment-station 
helpfulness  as  aids  to  successful  progress. 

IN  view  of  the  embryonic  state  of  the  art  of  aeronau- 
tics. I  am  inclined  to  attack  the  subject  of  the  trend 
of  its  development  with  more  or  less  diffidence,  rec- 
ognizing that  future  developments  may  rudely  shatter 
such  prophecies  as  I  may  have  the  temerity  to  submit. 
However,  the  best  we  can  hope  to  do  is  to  try  to  visualize 
ideal  attainments  as  we  conceive  them  in  the  light  of  our 
present  knowledge;  with  such  concrete  examples  before 
us  we  can  speculate  more  accurately  on  the  future  course 
of  development. 

Before  entering  into  a  discussion  of  the  various  ele- 
ments of  the  airplane,  I  would  like  to  review  the  present 
art  of  (lying,  pointing  out  the  limitations  that  exist  and 
attempting  to  eradicate  misconceptions  as  to  limitations 
that  do  not  exist.  Whenever  the  subject  of  flying  is 
under  discussion  we  hear  queries  as  to  why  aviation  does 
not  progress,  why  the  Government  does  not  do  this  or 
that  to  encourage  aviation.  I  believe  firmly  that  avia- 
tion is  developing  as  fast  as  the  state  of  the  art  and  ex- 
isting conditions  will  permit.  While  I  must  say  that  at 
times  the  outlook  is  by  no  means  encouraging,  yet  on 
second  consideration  it  is  apparent  that  aviation  is  fol- 
lowing the  same  inflexible  rule  that  has  governed  the 
development  of  all  our  transportation  facilities.  Avia- 
tion must  be  made  to  pay  its  way;  it  cannot  be  coddled 
on  Government  subsidies;  it  cannot  be  nursed  along  in 
half-hearted  competition  with  the  older  forms  of  trans- 
portation; it  must  prosper  on  its  own  merit  or  not  at  all. 
The  time  is  bound  to  come  when  we  will  consider,  not 
whether  we  can  afford  to  use  the  plane,  but  whether  we 
can  afford  not  to  use  it.  The  steamboat,  the  railroad, 
the  automobile  and  the  motor  truck  have  all  had  to  fight 
and  fight  hard  for  recognition,  and  the  airplane  will  have 
to  continue  to  fight  its  battle  until  a  truly  successful  state 
of  development  shall  have  been  reached. 

The  influences  that  are  retarding  the  development  of 
aviation  can  be  grouped  as  follows,  in  the  order  of  their 
importance:  (a)  lack  of  landing-fields  and  other  facili- 
ties for  storage  and  repair;  (6)  the  more  or  less  preva- 
lent impression  of  the  dangers  connected  with  flying; 
(c)  the  lack  of  comfort  for  passengers;   (d)  the  unsuit- 
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ability  of  the  average  plane  for  commercial  purposes;  and 
(e)  the  difficulty  of  interesting  capital  in  organizing 
aviation  transportation  due  to  (a),  (o),  (c)  and  (d).  I 
propose  to  take  up  each  of  these  factors  in  turn  and  to 
attempt  to  point  out  how,  in  my  estimation,  the  condi- 
tions cited  can  best  be  remedied. 

Landing-Fields 

The  absence  of  suitable  landing-fields  in  proximity  to 
our  larger  cities  represents  the  one  obstacle  that  the  avia- 
cion  industry  cannot  hope  to  remedy  unaided.  Federal 
or  municipal  aid  in  this  direction  is  essential  and  is  war- 
ranted just  as  much  as  is  the  expenditure  for  good  roads, 
which  will  total  approximately  the  fabulous  sum  of  $600,- 
000,000  in  1921.  None  of  this  amount  is  contributed 
specifically  by  the  automobile  industry;  the  country  at 
large  pays  and  receives  the  benefit  from  it.  Similarly, 
it  is  not  to  be  expected  that  the  struggling  aircraft  in- 
dustry can  take  any  part  in  building  up  a  system  of  land- 
ing-fields throughout  the  country.  This  phase  of  the  situ- 
ation was  covered  thoroughly  in  the  report  of  the  Na- 
tional Advisory  Committee  for  Aeronautics,  which  was 
endorsed  by  the  President  and  submitted  to  Congress  last 
April. 

Before  leaving  the  subject  of  landing-fields,  I  would 
like  to  record  a  suggestion  that  I  believe  will  be  very 
much  appreciated  a  few  years  hence.  That  is,  landing- 
fields  shoula  in  all  cases  be  equipped  with  permanent 
hard-surfaced  runways  of  ample  width  and  length  and 
preferably  arranged  in  the  form  of  a  cross  so  as  to 
permit  of  landing  in  at  least  four  directions.  Commercial 
aviation  will  never  be  entirely  successful  until  flying  can 
be  carried  on  more  or  less  without  regard  to  weather 
conditions;  at  this  time  soft  landing-fields  are  respon- 
sible not  only  for  the  postponement  of  many  flights,  espe- 
cially in  the  spring  and  winter  months,  but  also  for  fre- 
quent damage  to  airplanes  caused  by  "nosing  over"  in 
soft  fields.  The  use  of  hard-surfaced  runways  such  as 
are  found  at  McCook  Field,  Dayton,  Ohio,  appears  there- 
fore to  be  vital  to  the  success  of  all-the-year-'round  safe 
flying.  Furthermore,  these  runways  offer  excellent  land- 
marks when  viewed  from  the  air,  and  it  is  easier  to  bar 
spectators  from  these  well  defined  areas  than  from  the 
field  at  large,  thus  eliminating  another  source  of  danger. 

Danger  in  Flying 

I  have  placed  second  in  the  list  of  influences  retarding 
the  growth  of  commercial  aviation  the  more  or  less  preva- 
lent impression  of  the  dangers  connected  with  flying. 
These  dangers  can  be  classified  as  real  and  imaginary. 
We  will  consider  each  in  turn,  knowing  that  the  real  dan- 
gers must  be  overcome  by  new  developments  and  im- 
provements, while  the  imaginary  dangers  must  be  dis- 
pelled from  the  public  mind  by  suitable  propaganda 
that  we  can  all  assist  in  spreading.  First  and  fore- 
most of  the  real  dangers  is  undoubtedly  that  of  "stall- 
ing." Directly  or  indirectly,  "stalling"  is  probably 
responsible  for  the  greatest  percentage  of  fatal  crashes. 
Forward  speed  is,  of  course,  essential  to  the  sustentation 
of  an  airplane  and  for  any  given  machine  at  any  particu- 
lar altitude  there  is  a  minimum  critical  speed  below  which 
the  plane  is  unable  to  support  itself  and  will  fall  out  of 
control  for  such  a  distance  as  is  necessary  to  bring  it  up 
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to  its  minimum  flying-speed.  This  stalling  speed  is 
given  in  terms  of  forward  speed  in  the  line  of  normal 
flight.  Without  going  too  deeply  into  technicalities  it 
may  be  stated  that  in  cases  where  the  airplane  is  not 
advancing  in  a  direction  parallel  with  the  airstream,  the 
stalling  speed  will  be  considerably  raised  since  the  airfoil 
section  is  designed  to  give  the  maximum  lift  when  the 
airstream  is  substantially  normal  to  the  wing. 

Sufficient  "flying"  speed  is  thei-efore  essential  at  all 
times  to  the  safe  control  of  an  airplane;  and  this  speed 
can  be  attained  either  from  the  motive  power  of  the  en- 
gine or  from  the  force  of  gravity  in  the  case  of  a  glide. 
In  the  case  of  all  machines  in  use  at  the  present  time  it 
has  been  found  necessary,  to  permit  of  proper  maneuver- 
ing when  making  a  landing  or  taking-off,  to  provide  an 
excess  of  control  surface,  by  which  I  mean  that  the  lat- 
eral, directional  and  longitudinal  controls  represented  by 
the  ailerons,  rudder  and  elevators  are  of  such  ample  sur- 
face that  they  are  effective  at  speeds  below  those  at  which 
the  plane  is  capab'e  of  supporting  itself.  The  conse- 
quence is  that  it  is  at  all  times  possible  for  the  pilot  to 
manipulate  the  controls  so  as  to  decrease  the  machine's 
forward  speed  down  to  a  point  where  it  ceases  to  be  sub- 
ject to  his  control  due  to  lack  of  sufficient  lift  developed 
by  the  wings.  The  pilot  can  then  recover  control  of  the 
plane  only  by  speeding  up  the  propeller  if  the  engine 
power  is  available  or  by  gliding  a  sufficient  distance  to 
obtain  the  necessary  acceleration.  It  is  quite  evident 
that  if  this  "stalling"  condition  is  met  within  a  few 
hundred  feet  of  the  ground  with  a  dead  engine,  the  con- 
sequences will  be  serious,  since  the  height  is  insufficient 
to  permit  of  accelerating  the  plane  in  a  glide  to  the  re- 
quired minimum  speed.  This  possibility  of,a  pilot  being 
able  to  bring  about  a  stalling  condition,  which  is  mani- 
fested also  in  such  maneuvers  as  side-slipping  and  tail- 
spinning,  represents  a  phase  of  aviation  that  must  be 
eliminated,  I  believe,  before  we  can  say  truthfully  that 
air  transportation  is  as  safe  as  the  other  modes  of 
travel.  Some  may  argue  that  the  expert  pilot  will  never 
stall  a  plane  even  in  an  emergency,  but  unfortunately  ex- 
perience has  shown  that  in  the  great  majority  of  cases 
when  the  engine  fails  shortly  after  taking-off,  which  is 
one  of  the  worst  contingencies  encountered  in  flying,  even 
the  most  level-headed  pilot  will  instinctively  try  to  bring 
the  machine  back  to  the  starting-point,  instead  of  "nos- 
ing her  down"  instantly,  regardless  of  the  nature  of  the 
landing  space  available  directly  ahead.  Needless  to  say, 
if  the  plane  has  but  limited  altitude,  this  latter  maneuver 
is  the  only  means  of  maintaining  flying-speed  and  avoid- 
ing a  stall.  Loss  of  flying-speed  is  of  course  not  the  only 
cause  of  a  stall  or  its  equivalent ;  atmospheric  conditions, 
especially  just  previous  to  or  during  a  storm,  are  some- 
times responsible,  due  to  eddy  currents  or  sudden  vari- 
ations in  the  density  of  the  air,  which  in  effect  necessitate 
an  instantaneous  increase  of  the  minimum  flying-speed 
which  will  enable  the  plane  to  support  itself. 

The  popular  conceptions  of  the  dangers  of  flying  center 
around  chiefly  the  possibility  of  the  engine  stopping  in 
the  air.  As  I  have  just  pointed  out,  engine  failure  can 
be  regarded  as  extremely  serious  only  during  the  few 
initial  seconds  after  taking-off.  A  forced  landing  with  a 
dead  engine  from  any  reasonable  altitude  over  ordinary 
flat  country  rarely  results  in  serious  consequences.  At  an 
altitude  of  5000  ft.,  for  example,  and  with  a  gliding  angle 
of  1  in  10,  the  pilot  has  a  choice  of  territory  comprising 
an  area  of  about  280  sq.  miles  or  a  circle  of  19-mi!es 
diameter  in  which  to  find  his  landing  spot,  and  he  has 
ample  time  to  study  wind  direction,  ground  obstacles,  and 
the  like,  before  making  his  choice.     Of  course,  in  cross- 


country flying  it  is  necessary  at  times  to  fly  over  terri- 
tory on  which  it  would  be  very  hazardous  to  attempt  a 
forced  landing;  such  as  mountain  ranges,  large  bodies 
of  water  and  rolling  country;  in  such  cases  the  pilot 
should  be  guided  by  common  sense  and  if  necessary  make 
a  reasonable  detour  to  limit  the  duration  of  flight  over 
such  territory,  at  the  same  time  maintaining  good  altitude 
so  as  to  have  the  advantage  of  a  long  glide  in  case  of 
engine  failure. 

I  am  not  at  all  ready  to  admit  that  engine  failure  in 
the  air  can  be  regarded  as  an  unpreventable  occurrence. 
As  a  matter  of  fact,  the  majority  of  engine  failures  are 
due  to  easily  preventable  causes  and  can  generally  be 
traced  to  failures  in  the  gasoline,  oil  or  water  systems, 
which  in  turn  are  due  to  lack  of  coordination  between 
engine  and  plane  design.  Unfortunately,  these  troubles 
cannot  be  eliminated  entirely  in  practice  until  consider- 
able flying  experience  has  been  obtained  with  the  par- 
ticular plane  under  consideration.  In  other  words,  with 
the  expansion  of  commercial  aviation,  I  would  look  for  a 
great  improvement  in  respect  to  the  so-called  "plumbing" 
troubles  that  are  responsible,  I  may  safely  say,  for  90 
per  cent  of  engine  failures  in  the  air.  The  automobile 
went  through  the  same  transition  in  this  respect,  road- 
side stops  being  due  almost  invariably  to  similar  minor 
faults. 

Failures  of  the  plane  structure  in  the  air  are  now  prac- 
tically unknown.  Assuming  that  a  given  design  has  been 
carefully  calculated  with  ample  factors  of  safety,  that 
suitable  static  tests  of  wing-truss,  fuselage  and  controls 
have  been  made  and  that  reasonable  care  is  exercised  in 
maintenance  and  inspection,  there  exists  only  a  most 
remote  possibility  of  danger  due  to  the  collapse  in  the 
air  of  any  part  of  the  plane  structure. 

We  have  now  considered  the  elements  of  danger  con- 
nected with  commercial  aviation  and  are  in  a  position  to 
judge  to  what  extent  the  popular  conception  is  justified. 
We  must  first  admit  that  the  results  of  stalling  at  low 
altitude  are  serious.  If  this  could  be  obviated,  a  great 
step  forward  in  the  development  of  safe  air-transporta- 
tion would  be  made.  Once  good  altitude  has  been  reached, 
the  element  of  danger  becomes  negligible  and  with  a 
properly  designed  plane  and  a  well  tested  and  reliable 
engine  properly  installed,  air  transportation  can  be  said 
to  be,  if  anything,  safer  than  any  other  mode  of  trans- 
portation. The  possibility  of  engine  failure  will  ulti- 
mately become  negligible,  but  this  can  be  brought  about 
only  by  a  large  amount  of  flying.  Planes,  even  today,  are 
perfectly  satisfactory  from  the  standpoint  of  structural 
safety  and  improved  constructions  are  being  rapidly 
evolved. 

Single  and  Multi-Engine  Planks 

It  may  be  well  to  review  at  this  point  the  relative  ad- 
vantages and  disadvantages  of  single  and  multi-engine 
planes.  A  few  years  ago,  before  reliable  engines  were 
available  in  quantities,  it  was  thought  that  the  best  way 
to  guard  against  engine  failure  was  to  provide  additional 
engines  or  rather  divide  up  the  powerplant  into  smaller 
units.  Two-engine,  three-engine  and  four-engine,  and 
planes  with  even  more  engines  have  been  built  and  suc- 
cessfully flown.  A  serious  drawback  to  such  arrange- 
ment is  the  necessity  for  providing  a  surplus  of  power 
in  the  complete  powerplant.  resulting  in  uneconomical 
operation ;  in  the  case  of  a  two-engine  plane,  for  example, 
it  is  desirable  that  each  engine  be  capable  of  maintaining 
the  plane  in  the-  air  by  itself.  While  the  average  plane 
in  taking-off  from  a  small  field  requires  more  than  double 
the  power  necessary  to  sustain  it  in  the  air  at  its  mini- 
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mum  thing-speed,  nevertheless  two-engine  planes  as  con- 
structed heretofore  have  not  been  shown  to  have  a  factor 
of  safety  against  engine  failure  sufficiently  high  to 
warrant  the  addeil  complications.  Of  course,  in  many 
instances  the  powerplant  demands  haw  been  in  e 
the  power  of  any  proved  engine  and  lor  that  reason  in 
large  planes  it  has  been  necessary  to  install  multiple 
units  of  smaller  engines.  1  am  not  attempting  to  cover 
the  whole  question  of  single-engine  versus  multi-engine 
planes  at  tins  time  hut  will  state  my  belief  that  for  inter- 
city transportation  over  country  providing  a  reasonable 
number  of  emergency  landing-fields,  the  single-engine 
plane  is  undoubtedly  the  most  desirable  The  engine 
should,  however,  have  SO  or  10  per  cent  more  power  than 
quired  for  normal  cruising  speed.  For  long  flights 
Over  water,  forests,  mountains  or  sparseh  inhabited 
regions,  a  two-engine  plane  undoubtedly  offers  addi- 
tional security,  provided  either  engine  alone  is  capable 
of  propelling  the  plane  at  a  sustaining  speed. 

Summarizing,  whereas  air  transportation  oll'ers  some 
these  are  by  no  means  as  numerous  as  is  popularly 
supposed  and  in  practically  all  cases  they  are  prevent- 
able. Engine  failure  can  never  be  said  to  be  directly 
responsible  for  a  crash  unless  it  occurs  at  very  low  alti- 
tude. Undoubtedly  the  most  serious  unsolved  problem  is 
how  to  prevent  a  pilot  from  stalling  a  plane  under  stress 
of  sudden  emergency. 

Passenger  Comfort 

The  third  factor  militating  against  the  progress  of 
commercial  aviation  is  the  lack  of  comfort  afforded 
passengers.  This  is  a  real  handicap.  Although  it  is  not 
at  all  difficult  to  persuade  the  average  person  to  take  his 
first  flight,  this  is  generally  accomplished  in  a  spirit  of 
adventure  or  curiosity.  The  usual  comments  made  by 
the  passengers  upon  returning  to  ground  are  that  the 
sensation  was  nothing  like  what  had  been  pictured;  in 
fact,  that  the  experience  was  rather  mild.  The  noise  of 
the  engine  and  the  propeller  are  severely  criticized  and 
if  the  trip  was  lengthy  and  at  considerable  altitude  the 
cramped  quarters  and  cold  probably  receive  unfavorable 
comment.  Of  course,  there  have  been  introduced  abroad, 
and  to  a  limited  extent  here,  planes  offering  enclosed 
passenger-accommodation  that  approaches  the  luxurious. 
Much  more  must  be  done  in  this  respect,  especially  in 
this  country  where  railroad  equipment  has  been  de- 
veloped to  a  point  where  one  can  travel  with  practically 
all  the  luxuries  of  a  hotel  at  his  command.  There  is 
nothing  inherently  impossible  in  providing  similar  service 
through  the  air,  but  this  would  require  ample  capital 
and  special  design  throughout. 

Probably  the  most  difficult  problem  lies  in  suppressing 
the  noise  of  the  engine  and  the  propeller  but  this  also 
must  be  done  before  air  transportation  can  rival  ground 
transportation  on  the  score  of  comfort. 

Commercial  Considerations 

The  fourth  unfavorable  influence  so  far  as  the  progress 
of  aviation  is  concerned  was  given  as  the  unsuitability  of 
the  average  plane  for  commercial  purposes.  This  is 
largely  responsible  for  the  difficulty  in  interesting  capital 
in  commercial-flying  ventures.  It  is  fairly  well  known 
how  wartime  machines  have  been  built  over  in  an  en- 
deavor to  construct  a  peacetime  passenger-carrying  plane 
and  also  the  indifferent  results  accruing  from  this  pro- 
cedure have  been  appreciated.  Excellent  planes  have 
been  built  since  the  war  for  passenger  carrying  and  many 
of  these  are  giving  splendid  service  abroad.  But  the 
costs  of  operation  and  maintenance,  as  well  as  the  rate  of 


depreciation,  of  these  are  so  high  that  it  is  very  doubtful 
whether  any  of  the  ventures  based  on  their  operation 
could  paj  their  own  way  without  the  generous  subsidies 
provided  by  enterprising  foreign  Governments. 

Looking  at  this  matter  from  a  cold  businesslike  stand- 
point, we  ran  see  that  the  saving  in  time  afforded  by  air 
transportation  offers  an  inducement  to  the  business  or 
professional  man  that  can  lie  measured  in  just  so  many 
dollars.  For  example,  there  is  a  limited  demand  for 
extra-last  trains,  say.  from  New  York  City  to  Chicago, 
and  the  saving  in  time  is  considered  to  more  than  offset 
the  extra  tare  paid  for  this  service.  It  is  safe  to  assume 
that  for  still  faster  service  a  higher  fare  in  proportion 
to  the  extra  time  saved  would  readily  be  paid.  Un- 
fortunately, there  is  a  limit  to  the  possible  saving  in 
time,  due  to  the  fact  that  long  overland  trips  are  in- 
variably made  overnight,  the  average  business  man  con- 
sidering a  night  in  a  Pullman  not  very  much  more  of  a 
hardship  than  a  night  in  a  strange  hotel.  The  result  is 
that  to  prove  its  worth  air  transportation  must  save 
daylight  hours  for  the  average  traveler.  Furthermore, 
even  on  comparatively  short  overland  trips,  of  say  200 
miles,  the  average  man  will  prefer  going  aboard  a  train 
at  10  p.  m.,  turning  into  his  Pullman  berth  and  getting 
up  in  the  morning  at  his  destination,  the  train  having 
actually  been  moving  perhaps  only  5  hr.  of  the  time.  On 
such  a  run  the  real  inducement  to  be  offered  by  the  air- 
plane is  the  making  of  the  round-trip  in  4  hr.,  leaving  a 
good  part  of  the  day  available  at  either  end  of  the  journey 
for  the  transaction  of  business. 

Finally,  we  come  to  the  subject  of  interesting  capital 
in  commercial  aviation.  This  is  an  extremely  knotty 
problem  for  the  reason  that  it  takes  considerable  capital 
to  demonstrate  the  possibilities  of  a  fair  return  on  an 
investment  of  this  character.  Furthermore,  I  believe 
that  not  even  aviation's  staunchest  supporters  will  claim 
that  commercial  aviation  can  be  made  to  pay  from  the 
start.  There  is  bound  to  be  a  period  of  development  and 
experimentation  that  will  more  than  absorb  all  possible 
profits.  Again,  what  protection  is  there  for  the  pioneer? 
If  it  were  possible  for  the  Government  to  grant  exclusive 
franchises  over  certain  air-routes  for  extensive  periods, 
there  might  be  a  chance  of  inducing  capitalists  to  invest; 
but  I  hesitate  even  to  suggest  the  possibility  of  such 
franchises.  Without  such  protection  the  pioneers  would 
be  forced  to  develop  at  considerable  expense  the  most 
suitable  flying  equipment,  schedules,  routes  and  many 
details  of  organization  that  competitors  could  duplicate 
a  few  years  later,  driving  the  pioneers,  burdened  with 
the  heavy  expenditures  incurred  during  the  development 
stage,  out  of  business. 

I  have  attempted  to  present  the  status  of  commercial 
aviation  today  in  the  United  States  and  propose  to  con- 
sider now  the  general  trend  of  plane  and  engine  design. 

Trend  of  Design 

For  the  purposes  of  this  discussion  we  will  consider  in 
turn  the  three  principal  elements  of  the  plane,  the  wing 
truss,  fuselage  and  powerplant.  In  reviewing  design 
tendencies  in  these  fields  I  propose  to  cover  the  ground 
rather  broadly  as  it  is  the  object  of  this  paper  to  bring 
out  some  constructive  ideas  that  may  assist  in  some 
slight  measure  in  the  advance  of  commercial  aviation  in 
this  Country,  rather  than  to  get  into  a  discussion  of  the 
relative  merits  of  different  designs.  At  the  outset  let 
us  decide  what  type  of  airplane  it  behooves  us  to  con- 
sider in  this  connection.  Of  the  two  types,  water  and 
land  planes,  there  is  little  question  that  the  future  of 
commercial   aviation   must   rest  chiefly  with   the   latter. 
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There  are  some  splendid  but  limited  opportunities  for  the 
use  of  hydroairplanes  and  flying-boats  along  our  coast 
and  between  our  Lake  cities,  and  these  fields  are  being 
gradually  developed.  The  chief  advantage  of  the  water 
machine  rests  with  its  ability  to  "land"  on  any  suitable 
body  of  water,  weather  conditions  being  reasonable.  The 
need  for  expensive  landing-fields  is  obviated  and  the 
initial  investment  thereby  reduced.  On  the  other  hand, 
the  routes  are  necessarily  restricted  and  the  machines 
themselves  are  far  less  efficient  than  land  planes  due  to 
the  high  parasitic  resistance  of  the  hull  and  pontoons. 
It  is  indeed  a  question  whether  land  machines  fitted  with 
emergency  flotation-gear  are  not  preferable  over  water 
routes  of  not  too  great  length;  it  may  be  remembered 
that  all  air  transport  across  the  English  Channel  is  by 
land  machines.  Assuming,  therefore,  that  our  discussion 
is  to  be  confined  to  land  machines,  what  particular  type 
should  we  consider  as  best  meeting  the  immediate  needs 
of  commercial  aviation?  There  are  many  conflicting 
aspects  of  this  phase  of  the  problem.  From  an  operating 
standpoint  we  are  justified  in  expecting  that  the  lowest 
operating  cost  would  be  associated  with  rather  large 
planes,  having  ample  capacity  for  passengers  and  freight. 
On  the  other  hand,  the  initial  investment  and  risk  of 
damage  would  be  proportionately  greater  with  the  larger 
units.  All  things  considered,  I  believe  we  can  safely  say 
that  the  smallest  plane  that  can  be  economically  operated 
and  be  made  to  pay  in  commercial  service  would  have  a 
capacity  of  about  10  passengers  or  approximately  2000  lb. 
of  freight.  While  this  may  sound  like  more  or  less  of  an 
arbitrary  conclusion,  it  is  based  largely  on  present-day 
knowledge  of  structural  limitations. 

Considering  now  the  wing  truss  for  such  a  machine, 
there  are  two  general  types  of  construction  to  choose 
from.  The  first  is  the  older  and  conventional,  externally 
braced,  trussed  type,  generally  of  biplane  form;  the 
second  is  the  more  recent,  internally  braced,  thick  wing- 
section,  generally  associated  with  monoplane  design. 
This  latter  type  lends  itself  particularly  well  to  all-metal 
construction.  From  the  commercial  standpoint  there  are 
many  points  in  favor  of  the  internally  braced  wing,  chief 
of  which  are  the  decrease  in  maintenance  and  inspection 
costs,  improved  economy  in  operation  due  to  improved 
aerodynamic  performance  and  the  ability  to  make  quick 
repairs  by  replacing  the  entire  unit.  The  possibility  of 
storing  fuel  and  freight  in  the  wing  is  quite  alluring, 
and  the  improved  vision  for  the  passengers  must  not  be 
overlooked.  All  things  considered,  it  is  evident  that  the 
internally  braced  wing  presents  overwhelming  advantages 
for  commercial  planes.  Just  what  material  should  be 
employed  in  the  wing  structure  is  a  question  of  less  im- 
port. An  all-metal  structure  offers  theoretical  advantages 
from  an  upkeep  standpoint.  On  the  other  hand,  it  is 
necessarily  more  rigid  than  a  built-up  wood  construction 
reinforced  with  suitable  tension-wires,  and  the  resistance 
to  fatiguing  stresses  induced  in  the  metal  wing  by  the 
fine  vibrations  transmitted  from  engine  and  propeller  is 
questionable.  If  ultimately  crystallization  is  to  set  in  and 
sudden  fracture  take  place,  the  consequences  might  be 
exceedingly  grave.  Summing  up,  it  is  evident  that  the 
internally  braced  wing  is  exceptionally  well  suited  for 
commercial  planes,  but  that  all-metal  wings  of  this  type 
will  continue  to  be  looked  on  with  suspicion  until  a  large 
amount  of  experience  shall  have  shown  that  they  have 
practically  an  unlimited  life  and  cannot  be  said  to  de- 
preciate with  use. 

All  things  considered,  I  think  it  is  a  fair  statement  to 
make  that  the  question  of  a  specific  wing-truss  is  not  a 
material  factor  in  the  advance  of  commercial  aviation. 


In  other  words,  all  present  standard  forms  of  construc- 
tion can  be  considered  satisfactory  for  commercial  pur- 
poses, although,  as  remarked  above,  some  of  the  newer 
constructions  will  undoubtedly  effect  savings  in  upkeep 
and  hence  bring  the  air-transportation  era  one  step 
closer. 

Taking  up  the  question  of  fuselage  construction,  we 
recognize  that  there  exists  a  general  tendency  in  design 
toward  more  rugged  construction,  considerable  attention 
being  paid  to  securing  reduced  cost  of  manufacture  and 
upkeep.  The  built-up  veneer  trussed  type  appears  to  be 
giving  way  to  the  all-steel  truss  type.  One  form  of  con- 
struction which  seems  to  be  excellent  is  that  in  which  the 
fuselage  is  constituted  of  steel-tubing  units  welded-up  in 
jigs  and  reinforced  by  tension-wires.  The  question  of 
fuselage  design  is  dominated  by  the  need  of  an  accessible 
powerplant  mounting.  In  the  present  stage  of  aircraft- 
engine  development  it  is  necessary  to  overhaul  the  engine 
rather  frequently,  that  is,  every  200  to  300  hr.  at  least, 
and  it  is  therefore  important  to  be  able  to  remove  it  in 
a  minimum  length  of  time  so  as  not  to  tie  up  the  plane 
for  an  undue  period.  In  fact,  the  ideal  scheme  seems  to 
be  to  have  a  spare  powerplant  available  at  all  times  for 
substitution.  The  steel  fuselage  lends  itself  particularly 
well  to  the  accomplishment  of  this  very  desirable  feature 
of  accessibility  and  this  can  be  carried  out  in  a  cleancut 
manner  by  extending  the  upper  and  lower  longerons  on 
each  side  so  as  to  meet  at  the  front  of  the  engine  sup- 
port. In  the  older  forms  of  veneer-covered-truss  fusel- 
ages or  with  the  so-called  monocoque  construction  the 
engine  was  generally  extremely  inaccessible,  at  any  rate 
from  both  sides. 

Regarding  the  general  cabin  design  for  the  passenger 
compartment  the  requirements  in  the  matter  of  comfort, 
good  vision  and  ventilation  seem  obvious.  Later  we  may 
expect  to  see  serious  consideration  given  to  attempting 
great  structural  strength  in  the  cabin  structure  to  pro- 
tect the  passengers  as  much  as  possible  in  case  of  a 
crash.  This  would  follow  the  precedent  set  in  railway 
Pullman-car  construction  but,  of  course,  the  problem  in 
the  case  of  aircraft  is  rendered  far  more  difficult  by 
minimum-weight  requirements.  Easy  access  to  the  cabin 
from  the  ground  is  naturally  desirable  from  the 
passenger's  standpoint  and  in  most  enclosed  designs  this 
has  been  carefully  studied. 

There  is  apparently  considerable  difficulty  in  arriving 
at  the  best  location  for  the  pilot.  The  first  requirement 
is,  of  course,  the  best  possible  vision  not  only  for  landing 
but  also  while  in  the  air;  the  pilot  should  be  able  to  see 
in  all  directions.  In  the  event  of  the  plane  nosing  over, 
the  pilot  should  be  in  such  a  position  as  to  be  protected 
from  the  engine,  gasoline  tanks  or  other  heavy  units.  It 
is  undoubtedly  desirable,  although  not  essential,  that  the 
pilot  be  able  to  obtain  access  to  the  passengers'  compart- 
ment, and  there  should  be  also  accommodation  for  a 
mechanic  or  relief  pilot.  The  pilot's  cockpit  should  be 
in  such  a  place  as  to  simplify  both  the  plane  and  the  en- 
gine controls,  making  them  as  direct  as  possible.  Of 
course,  in  the  case  of  a  multi-engine  plane  in  which  the 
engines  are  carried  out  on  the  wings  a  suitable  position 
for  the  pilot  is  readily  found  in  the  forward  part  of  the 
fuselage,  but  with  the  single-engine  plane  some  other 
location  must  be  found.  In  a  very  recent  design  the  pilot 
is  placed  alongside  of  the  engine;  this  appears  to  have 
some  advantages. 

I  have  not  considered  the  tail-skid  or  landing-gear 
separately  but  these  very  important  elements  of  the  de- 
sign need  much  study  and  development  to  reduce  the 
present   high   cost   of   upkeep.     There   appears   to   be   a 
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definite  need  for  some  shock-absorbing  means  in  both  the 
landing-Rear  and  the  tail-skid.  By  shock-absorber  I 
mean  a  device  to  actually  absorb  the  shock  and  not  store 
it  momentarily  as  is  done  with  springs  or  elastic  rubber 
suspensions. 

The  location  of  the  gasoline  tanks  is  another  problem 
that  has  not  reached  a  final  solution,  in  mj  estimation. 
There  are  several  factors  to  be  taken  into  consideration, 
Buch  as  the  method  of  gasoline  feed,  that  is,  pressure  or 
gravity,  the  capacity  of  the  tanks,  and  effect  of  the  full 
or  empty  tank  on  the  respective  balance  of  the  airplane, 
remoteness  from  any  fire-producing  element  and  accessi- 
bility for  filling.  The  most  important  consideration  of 
all  is  undoubtedly  that  of  fire  prevention  and  on  this 
a  location  out  on  the  wings  is  preferable. 

Scanning  the  question  of  the  powerplant  for  a  typical 
commercial  airplane,  the  first  requirements  we  encounter 
an  reliability  and  accessibility.  Next  in  order  come 
economy  in  operation  and  low  initial  cost.  In  the  matter 
of  reliability  of  the  engine  itself,  a  high  state  of  develop- 
ment has  been  reached,  although  the  powerplant  as  a 
whole  has  not  advanced  in  a  corresponding  degree  due 
to  the  lack  of  coordination  of  engine  and  plane  design 
and  the  incomplete  working  out  of  important  installation 
details.  This  handicap  is  being  overcome  rapidly  as  en- 
gine designers  become  more  familiar  with  actual  airplane 
operating  conditions  and  plane  designers  appreciate  more 
and  more  the  installation  and  operating  requirements  of 
the  powerplant.  Basically,  then,  we  find  that  there  exist 
several  well-known  makes  of  engine  that  are  highly 
reliable.  The  next  step  is  to  produce  reliable  engines 
that  will  lend  themselves  to  simple  installation  and  easy 
maintenance.  This  phase  of  the  situation  is  well  under- 
stood by  all  airplane-engine  designers,  as  is  shown  by 
some  typical  examples  of  modern  powerplants  referred  to 
later.  It  should  of  course  be  borne  in  mind  that  the 
engine  designer  must  lead  the  way,  since  the  plane  must 
be  built  around  the  engine  to  form  an  harmonious  com- 
bination. The  problem  therefore  requires  the  closest 
possible  cooperation  between  the  engine  and  the  plane 
designer.  Both  should  acquire  extensive  flying  experi- 
ence to  obtain  the  best  possible  insight  into  operation 
and  maintenance  problems. 

Powerplant  Requirements 

Carburetion  is  undoubtedly  the  foremost  of  the  con- 
crete examples  of  powerplant  requirements,  since  the 
location  of  the  carbureter  has  considerable  influence  on 
the  design  of  the  engine  and  affects  the  design  of  the 
plane.  The  ideal  gasoline  system  seems  to  be  gravity- 
feed,  owing  to  its  inherent  simplicity  and  consequent 
reliability.  Assuming  a  fairly  high  location  for  the  gaso- 
line tanks,  it  is  easy  by  placing  the  carbureter  beneath 
the  engine  to  obtain  a  very  efficient  gravity  feed  with 
ample  head  under  all  normal  flying  conditions.  There 
several  other  advantages  in  thus  locating  the  car- 
bureter, including  the  ability  to  carry  the  air-intake  out 
through  the  lower  cowling,  eliminating  any  possible 
•  ]•  of  tire  due  to  engine  backfiring.  It  is,  of  course, 
important  to  carry  gasoline-overflow  pipes  or  vent  con- 
nections into  the  air-intake  so  that  in  case  of  flooding 
the  gasoline  will  drip  harmlessly  from  the  air-intake.  It 
should  be  remembered  that  in  the  case  of  the  conventional 
single-engined  tractor  powerplant  installation  the  engine 
is  most  accessible  from  beneath  or  from  either  side, 
whereas  in  the  case  of  the  automobile  engine  the  sides 
and  top  are  easiest  to  work  on. 

Next  after  the  carbureter  comes  the  lubricating  sys- 
tem in  importance  as  regards  accessibility  requirements. 


This  applies  to  such  important  elements  as  the  oil-pump 
itself,  pressure-regulating  valve  and  oil-screen,  all  of 
which  should  be  readily  accessible  in  the  completed  plane. 
It  appears  to  be  good  practice  to  operate  the  engine  with 
a  dry  sump;  in  which  case  an  external  oil-tank,  which 
serves  also  as  an  oil-cooler,  must  be  provided  in  proximity 
to  the  engine. 

The  water-pump  is  usually  driven  from  a  vertical  shaft 
at  the  rear  end  of  the  engine  and  can  thus  be  easily  in- 
spected from  underneath.  The  ignition  system,  which 
should  invariably  be  supplied  in  duplicate  whether  it  be 
in  the  form  of  magnetos  or  battery  distributors,  is  best 
arranged  at  the  rear  end  transversely  with  respect  to 
the  crankshaft  so  that  adjustments  or  inspections  can  be 
made  from  either  side.  The  location  of  the  spark-plugs 
is  more  or  less  determined  by  the  general  type  of  engine 
construction,  but  one  set  at  least  should  be  readily  acces- 
sible from  either  side ;  in  the  case  of  a  V-engine  the  other 
set  can  be  located  conveniently  in  the  V  if  there  is  plenty 
of  space  available.  In  this  case  a  suitable  sliding  door 
should  be  provided  in  the  upper  part  of  the  cowling  so 
that  these  spark-plugs  can  be  reached  without  removing 
the  cowling  as  a  whole. 

The  radiator  should  be  considered  as  part  of  the  power- 
plant,  since  its  design  is  tied  up  with  the  characteristics 
of  the  particular  engine  employed.  There  are  several 
alternative  locations  for  the  radiator,  but  the  so-called 
"nose"  radiator  directly  behind  the  propeller  appears  to 
have  overwhelming  advantages  for  commercial  purposes. 
Although  this  is  by  no  means  the  most  efficient  position 
for  a  radiator  so  far  as  its  cooling  ability  is  concerned, 
it  appears  that  for  convenience  in  connecting  to  the  en- 
gine and  for  general  accessibility  it  offers  sufficient  ad- 
vantages to  warrant  its  general  adoption  for  commercial 
planes.  The  radiator  should  have  ample  area  and  a  lib- 
eral expansion-tank,  together  with  an  efficient  shutter 
equipment.  It  is  important  that  the  shutters  fit  well 
when  closed;  and  it  is  preferable  that  they  be  balanced 
and  streamlined  so  as  to  offer  no  difficulty  in  maintain- 
ing any  desired  adjustment  in  flight.  Apparently  it  is 
good  practice  to  mount  the  engine  on  wood  bearers. 
These  can  be  extended  to  carry  a  suitable  stamping  that 
in  turn  supports  the  radiator.  These  same  timbers  can 
also  be  extended  through  the  engine  firewall  to  support 
the  gasoline  tank  if  such  a  location  is  suitable. 

There  are  a  great  many  very  important  details  in  con- 
nection with  the  installation  of  the  engine  and  its  con- 
trols; these  deserve  the  closest  possible  attention.  Gaso- 
line, water  and  oil  lines  must  all  be  worked  out  with  a 
view  to  their  withstanding  vibration,  but  at  the  same 
time  the  use  of  rubber  hose  for  either  water  or  oil  con- 
lections  should  be  limited  as  far  as  possible,  suitable  me- 
tallic linings  being  employed  to  prevent  any  possible  ob- 
struction by  rubber  particles  disintegrated  by  the  action 
of  the  gasoline  or  oil.  Needless  to  say,  in  every  case 
where  rubber  connections  are  used  for  gasoline  or  oil, 
strainers  should  be  provided  in  a  very  accessible  location 
on  the  engine  side  of  the  joint.  Engine  controls,  such  as 
spark,  throttle,  mixture  and  radiator-shutter,  should  all 
be  carried  out  in  a  mechanical  and  workmanlike  manner. 
The  use  of  flexible  cable  for  such  work  is  not  to  be  recom- 
mended. The  construction  should  take  the  form  of  tubu- 
lar connecting-rods  combining  lightness  with  rigidity, 
bell-cranks  and  levers  connected  with  suitable  clevises, 
and  the  proper  number  of  bearings  suitably  arranged  to 
carry  the  various  shafts  with  the  least  cramping  ten- 
dency. It  is  desirable  to  carry  out  a  mechanical,  positive 
construction  such  as  that  outlined  above  in  all  the  flying 
controls;   that   is,   in   an   ideal   system   no   flexible  cable 
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would  be  used  for  operating  ailerons,  rudder,  elevator  or 
adjustable  stabilizer  if  used.  The  propeller  also  can  be 
considered  an  important  part  of  the  powerplant  since  in 
its  design  the  characteristics  of  the  engine  must  be  taken 
into  consideration,  although  the  airplane  itself  exerts  a 
considerable  influence  on  the  propeller  design. 

The  question  of  starting  means  for  airplane  engines 
has  been  frequently  discussed,  with  various  results.  The 
electric  starter  is  apparently  the  only  available  successful 
mechanical  starter  attached  to  the  engine.  Its  use,  natur- 
ally, necessitates  the  employment  of  a  storage  battery. 
The  battery  involves  some  objections  from  the  stand- 
points of  maintenance,  weight  and  injury  to  metals  or 
wood  in  its  vicinity.  All  things  considered,  the  use  of  a 
mechanical  engine  starter  on  a  commercial  airplane  is 
open  to  question,  since  with  suitable  priming  devices, 
handcrank  magneto,  etc.,  the  engine  can  be  started  very 
readily  by  hand.  Experience  alone  will  show  whether  the 
advantages  of  the  electric  starter  are  sufficient  to  over- 
come such  disadvantages  as  I  have  cited. 

I  have  purposely  refrained  from  discussing  air-cooled 
engines  or  other  types  of  powerplant,  since  the  purpose  of 
this  paper  is  not  so  much  to  point  out  future  possibilities 
as  to  present  the  status  of  commercial  aviation  today, 
placing  particular  stress  on  retarding  influences.  I  be- 
lieve, in  general,  that  there  are  several  types  of  modern 
high-grade  power-plant  from  which  to  choose  and  that 
the  lack  of  a  suitable  powerplant  cannot  be  said  to  be 
obstructing  the  advance  of  commercial  aviation,  although 
I  look  forward  to  constant  improvement  of  the  engines  in 
the  direction  of  greater  reliability  and  economy  and  de- 
creased cost  of  construction  with  not  very  much  reduc- 
tion in  weight. 

Essentials  of  Air  Transportation 

Having  considered  the  question  of  commercial  aviation 
from  different  angles,  we  are  in  a  position  to  specify 
some  of  the  more  important  steps  necessary  in  the  fur- 
ther development  of  air  transportation.  As  I  have  stated, 
this  paper  is  necessarily  too  limited  in  scope  to  include  a 
discussion  of  a  multitude  of  detail  refinements,  each  of 
which  will  contribute  its  quota  to  commercial  aeronau- 
tics. I  might  cite  navigating  instruments,  which  are  the 
basis  of  a  large  field  for  development,  and  wireless  direc- 
tion-finding, wireless  telephone  and  night-flying  equip- 
ment. There  is  great  need  for  propellers  of  moderate 
cost  that  will  withstand  the  attacks  of  rain  or  sleet;  vari- 
able-pitch and  reversible  propellers  are  gradually  being 
evolved  from  the  experimental  stage.  Considerable  work 
is  being  done  on  wings  having  variable  camber  or  vari- 
able surface.  These  few  examples  of  development  activi- 
ties in  the  various  branches  of  airplane  design  indicate 
the  ramifications  of  the  art  and  the  hopelessness  of  at- 
tempting to  present  a  complete  picture  of  the  situation.  I 
have  tried  to  pick  the  high  lights  and  draw  some  general 
conclusions  from  them. 

Summing  up,   I  have   enumerated  the  following  four 


points  which  may  be  said  to  represent  the  essential  and 
fundamental  requirements  for  the  further  progress  of 
commercial  aviation : 

(1)  A  system  of  landing-fields  must  be  determined 
upon  and  put  into  service  throughout  the  country  as 
rapidly  as  possible.  Although  at  the  outset  air  traffic 
will  be  extremely  limited,  unless  these  landing-fields  are 
available  in  advance,  I  can  see  no  hope  for  the  rapid 
extension  of  commercial  air-transportation.  I  am  glad 
to  note  that  the  daily  press  is  giving  its  support  to  the 
movement  to  construct  municipal  landing-fields  through- 
out the  country. 

(2)  The  aid  of  Government  experimental  stations 
should  be  enlisted  in  the  task  of  eliminating  so  far  as 
possible  such  danger  factors  as  are  inherent  in  the 
present  airplane  designs.  I  have  in  mind  chiefly  the 
matter  of  stalling  which  is  referred  to  at  considerable 
length  above.  A  partial  solution  of  this  problem  may 
lie  in  having  an  intermediate  stop  for  each  set  of  flying 
controls,  that  would  allow  sufficient  range  for  normal 
flying,  although  perhaps  not  sufficient  just  previous  to 
landing  or  when  taxiing.  A  Federal  system  of  inspec- 
tion, coupled  with  suitable  short-period  licenses  and 
stringent  regulations  governing  important  elements  of 
aircraft  design,  would  undoubtedly  assist  in  preventing 
a  certain  percentage  of  avoidable  accidents. 

(3)  Government  patronage  of  air-transportation 
companies  in  the  form  of  mail  contracts,  which  might 
be  made  somewhat  more  liberal  than  the  present  ones 
by  charging  a  very  nominal  extra  postage.  I  am  fully 
aware  that  at  the  outset  of  the  Air  Mail  Service  this 
procedure  was  not  successful  in  attracting  patronage, 
but  I  believe  this  was  due  to  an  excessive  surcharge.  A 
preferable  course  might  be  to  limit  the  weight  to  one- 
half  that  allowed  by  rail  route  for  the  same  postage. 
I  have  touched  upon  the  possibility  of  establishing  Gov- 
ernment franchises  over  specific  air-routes.  While  I 
recognize  the  crudity  of  the  suggestion,  some  means 
might  be  devised  of  restricting  the  number  of  Federal 
licenses  to  be  issued  to  air-transportation  companies  to 
operate  between  any  two  points  for  a  definite  period. 
Such  licenses  could  have  qualifying  clauses  stipulating 
a  minimum  number  of  trips  or  in  some  other  way  insure 
adequate  service. 

(4)  Both  plane  and  engine  development  along  utili- 
tarian lines  should  be  concentrated  on  by  our  Govern- 
ment experimental  stations.  In  the  final  analysis,  even 
in  time  of  war,  reliability  and  ease  of  maintenance  are 
important  factors.  In  the  past  we  have  been  paying 
almost  exclusive  attention  to  the  performance  of  our 
military  planes,  which  was,  of  course,  a  laudable  en- 
deavor. Nevertheless,  it  appears  to  be  equally  impor- 
tant to  encourage  development  work  that  would  be  more 
applicable  to  peacetime  flying,  recognizing  that  the 
fruit  of  this  would  be  extremely  valuable  in  the  evolu- 
tion of  commercial  aeronautics,  which  in  turn  would 
help  build  up  what  would  be  in  effect  a  Reserve  Air 
Force.  In  other  words,  neither  extremely  high  speed 
nor  rapid  climbing  to  excessive  altitudes  represents 
characteristics  of  particular  value  to  commercial  air- 
transportation,  whereas  increased  economy  in  opera- 
tion, slower  depreciation  and  decreased  upkeep  expense 
are  all  vital  factors  in  this  connection. 
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Illustrated  nith  (it  uns 


TEE  author  divides  the  study  of  lubrication  into 
different  regimes  in  which  different  pro] 
the  lubricant  have  the  controlling  influence  and  »lis - 
cusses  at  length  viscosity  effect  in  the  complete-film- 
lubrication  regime,  including  comment  on  the  proper- 
ties of  lubricants,  units  for  viscosity  measurement,  ab- 
solute viscosity  relation  to  the  readings  of  instruments 
ordinarily  used  and  mathematical  analysis,  with  ref- 
erence to  data  that  are  presented  in  tabular  and  chart 
form. 

Viscosity  estimation  at  one  temperature  from  the 
observed  viscosity  at  another  temperature  is  then 
treated  in  a  somewhat  similar  manner,  inclusive  of  dis- 
cussion bearing  on  complete  film  lubrication,  as  are 
the  subjects  of  journal  friction  and  viscosity  in  which 
the  mathematical  analysis  is  continued,  and  friction 
tests  are  described  briefly,  copious  specific  references 
being  given. 

Consideration  is  given  to  the  transition  point,  the  re- 
lation between  the  different  factors  at  the  transition 
point  and  incomplete  film  lubrication  and  the  oiliness 
of  lubricating  oils,  the  last  including  a  description  of 
Bureau  of  Standards  tests, 

A  lengthy  discussion  of  the  differences  in  oiliness  of 
different  lubricants   shown   by   laboratory   and   service 
-  follows,  many  references  to  tests  and  testing  ma- 
chines being  cited  and  quotations  made  from  reports. 

Ten  specific  desirable  features  of  oil-friction  testing- 
machines  are  enumerated  and  commented  upon  in  the 
light  of  previous  experiences  that  are  cited,  and  nine 
specific  conclusions  regarding  viscosity  and  friction  are 
;ed. 

THE  study  of  lubrication  is  made  more  difficult  by 
the  fact  that  there  are  different  regimes  in  which 
different  properties  of  the  lubricant  have  the 
controlling  influence.  At  the  highest  speeds  and  lowest 
pressures  the  friction  is  nearly  constant  under  widely 
varying  conditions.  At  lower  speeds  the  viscosity  of  the 
lubricant  and  the  kind  of  material  constituting  the 
rubbing  surfaces  have  a  marked  effect;  and  at  the  low- 
est speeds  and  highest  pressures  another  property  of  the 
lubricant,  which  can  be  called  oiliness,  has  the  predomi- 
nant influence.  Frequently,  only  two  regimes  are  con- 
sidered ;  that  of  complete  film  lubrication  where  the 
viscosity  has  the  greatest  effect,  and  that  of  incomplete 
film  lubrication  where  the  oiliness  becomes  of  major 
importance.  The  transition  point,  where  the  friction  is 
at  a  minimum,  comes  within  the  former  regime.  The 
influence  of  bearing  metals  is  evident  with  incomplete 
film  lubrication,  and  in  the  greater  part  of  the  regime  of 
complete  film  lubrication. 

In  selecting  a  lubricant  the  properties  that  need  to  be 
considered  can  be  divided  into  two  classes;  properties 
indicating  that  it  is  suitable  for  the  purpose  at  hand,  and 
those  giving  assurance  that  it  will  be  reasonably  lasting 
in  use.     It  is  not  the  purpose  of  this  paper  to  consider 

1  Associate  physicist.   Bureau    of   Standards.    City   of  Washington. 

•See  Standards  adopted  in  1920  by  the  American  Society  for  Test- 
es Materials,  p.  104  ;  also.  Tests  and  Testing  Standards  adopted  bv 
the  National  Petroleum  Association.  Sept.  22,  1920;  also,  Bureau  of 
Mines  Bulletin  No.  5.  containing  the  Report  of  Committee  on  Stand- 
ardisation of  Petroleum  Specifications,  p.  28. 
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the  question  of  the  deterioration  of  oils,  but  merely  the 
above-mentioned  properties  of  new  oils  that  indicate 
suitability  at  least  for  short-time  use.  If  all  the  changes 
of  the  lubricant  with  time,  by  evaporation,  oxidation  or 
otherwise  are  disregarded,  the  only  remaining  properties 
that  determine  the  friction  are  viscosity  and  oiliness. 

Viscosity  Effect  in  the  Complete-Film-Lubrication 

Regime 

The  instrument  most  generally  used  for  determining 
the  viscosity  of  lubricating  oils  by  oil  refiners  in  the 
United  States  is  the  Saybolt  universal  viscosimeter.2  Its 
adoption,  together  with  the  standard  temperatures  of 
100,  130  and  210  deg.  fahr.  (37.8,  54.4  and  98.9  deg. 
cent.),  reduced  the  confusion  and  inaccuracy  resulting 
from  the  use  of  viscosimeters  of  various  types  at  differ- 
ent temperatures.  Although  conversions  can  be  made 
from  one  instrument  to  another,  there  is  no  general 
agreement  in  regard  to  the  conversion  factors. 

When  a  comparison  is  made  between  viscosity  and 
friction  it  is  necessary  to  express  viscosity  in  some  unit 
that  is  independent  of  the  instrument  used  for  measuring 
the  viscosity,  and  equals  or  is  proportional  to  the  true  or 
absolute  viscosity.  With  the  Saybolt  instrument  results 
are  expressed  in  seconds,  a  unit  that  does  not  fulfill  this 
requirement,  although  absolute  viscosity  can  be  calcu- 
lated from  Saybolt  seconds  by  using  a  suitable  equation. 

The  unit  of  absolute  viscosity  has  been  defined  as  the 
force  that  will  move  a  unit  area  of  plane  surface  at  a 
unit  speed  relative  to  another  parallel  plane  surface  from 
which  it  is  separated  by  a  layer  of  the  liquid  of  unit 
thickness.  Most  published  data  on  viscosities  of  liquids 
are  expressed  in  the  centimeter-gram-second  unit  of 
absolute  viscosity,  known  as  the  poise,  and  it  will  there- 
fore be  used  in  this  paper.     Table  1  is  convenient  for 


TABLE  2 — LIQUIDS  AND  TEMPERATURES  NECESSARY  To 
GIVE  CERTAIN  ABSOLUTE  VISCOSITIES 


Viscosity, 

poises 


Approximate 

Liquid  Temperature, 

deg.  fahr.    deg.  cent. 


0.01 

Water 

68 

20 

0.05 

Sucrose,  GO  per  cent 

182 

83 

0.10 

Sperm  Oil 

135 

57 

0.20 

Sperm  Oil 

94 

34 

0.30 

Olive  Oil 

112 

44 

0.40 

Olive  Oil 

98 

37 

0.50 

( Hive  Oil 

87 

31 

0.75 

<  Hive  Oil 

71 

22 

1.00 

i  Hive  Oil 

60 

16 

:,  mi 

Castor  Oil 

83 

28 

10.00 

Castor  Oil 

68 

20 

31 
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For  Engler  Degrees  the  scale  gives  10  x  Engler  Degrees,  =  IO(jj) 
fbrdcrbey  Fluidify  -the  time =600,and  scale  gives  the  Flow  in  cubic  centime  ters per  hour 


Fig. 


1 — Conversion    Diagram    for    Viscosimeter 
Readings 


comparison  between  different  units  that  are  sometimes 
encountered,  while  Table  2  has  been  compiled  to  give  a 
concrete  meaning  to  viscosities  expressed  in  poises. 

Absolute  Viscosity  Relation  to  the  Readings  of 
Instruments  Ordinarily  Used 

The  Saybolt  universal  viscosimeter  and  most  of  the 
other  commercial  viscosimeters  that  are  used  with  lubri- 
cating oils  are  of  the  efflux  type  and,  if  there  is  no 
turbulence,  their  readings  can  be  converted  into  poises 
by  the  equation 


Vk  =  At—  (Bit) 


0) 


where 

A  =  an  instrumental  constant 
B  =  an  instrumental  constant 

V/.  =  kinematic  viscosity  which  is  the  quotient  obtained 
by  dividing  the  viscosity  in  poises  by  the  density 
in  grams  per  cubic  centimeter 
t  =  time  of  flow  in  seconds 

The  term  in  parenthesis  in  equation  (1)  is  the  kinetic 
energy  correction 


Bit—  (Q  m)  -f-  (8TrLt) 


(2) 


where 

B  =  an  instrumental  constant 

L  =  effective  length  of  the  outlet  tube,  usually  slightly 

in  excess  of  the  measured  length;   the   difference 

is  known  as  the  Couette  correction 
m  =  a  coefficient  approximately  equal  to  unity 
Q  =  volume  of  flow  in  cubic  centimeters  in  the  time  t 
t  =  time  of  flow  in  seconds 

If  the  flow  is  so  slow  that  B/t  is  negligible  in  com- 
parison with  At,  and  the  outlet  tube  is  so  long  that  the 


Couette  correction  can  be  neglected,  then  the  viscosity 
can  be  calculated  from  the  equation 


where 


Vk  =  At=  (Tgd'Ht)  ~  (128  QL) 


(3) 


A  =  an  instrumental  constant 

d  =  diameter  of  the  outlet  tube 

g  =  acceleration    of    gravity,    or    981    cm.    per    sec. 

squared 
H  —  average  hydrostatic  head  above  the  bottom  of  the 
outlet  tube,  producing  flow 

L  =  effective  length  of  the  outlet  tube 

Q  =  volume  of  flow  in  the  time  t 

t  =  time  of  flow  in  seconds 
Vk  =  kinematic  viscosity 

Equation  (3)  does  not  apply  to  commercial  viscosi- 
meters, with  the  probable  exception  of  the  Barbey,  be- 
cause the  outlet  tubes  are  too  short.  On  this  account, 
and  because  the  Couette  and  kinetic-energy  corrections 
cannot  be  calculated  on  theoretical  grounds,  it  is  neces- 
sary to  determine  values  of  L  and  m,  and  hence  of  A  and 
B,  in  equation  (1),  by  the  use  of  calibrating  liquids  of 
known  viscosity.  The  viscosity  of  these  liquids  is  meas- 
ured by  some  suitable  viscosimeter  to  which  equation 
(3)  applies.  If  L  and  m  are  determined  in  this  way,  the 
greatest  error  will  be  due  to  inaccuracy  in  the  measure- 
ment of  d. 

Early  investigators  assumed  that  there  would  be  no 
turbulence  and  equation  (1)  would  apply,  provided  the 
value  of  K  in  equation   (4)  was  less  than  2000. 

K  =  4Q-i-  (wdt  Vk) 

=  vd/Vk  (4) 

where 

d  =  diameter  of  outlet  tube 
A'  =  a  constant 
Q  =  volume  of  flow  in  time  t 
t  =  time  of  flow  in  seconds 
v  =  velocity  of  flow  in  centimeters  per  second 
Vk  =  kinematic  viscosity 

While  it  is  now  known  that  K  decreases  with  the 
length  of  outlet  tube,  the  law  of  variation  is  not  known. 
K  has  a  value  of  800  for  the  Saybolt  universal  viscosi- 
meter, and  therefore  water  cannot  be  used  as  a  calibrating 
liquid  for  that  instrument.  This  is  unfortunate,  because 
water  is  easily  procurable  and  its  viscosity  is  more 
accurately  known  than  that  of  any  other  liquid.  Values 
of  A  and  B  will  vary  with  each  individual  instrument  on 
account  of  unavoidable  variations  in  dimensions.  If, 
however,  these  constants  are  determined  for  a  type  of 
instrument  for  which  standard  dimensions  with  suitable 
tolerances  have  been  adopted,  the  variations  in  the  con- 
stants will  not  exceed  a  reasonable  predetermined  amount. 

In  making  conversions  between  different  types  of 
viscosimeters  it  is  convenient  to  write  equation  (1)  in 
the  form 

t  =  C  Vk(l  +  v  [1  +  (D/Vk'n  (5) 

where 

C  =  1h-2A 
D  =  4AB 

The  best  available  values  of  A,  B,  C  and  D  are  given 
in    Table    3,    for    viscosimeters    of    normal    or    average 

TABLE  3 — INSTRUMENTAL   CONSTANTS   FOR  VISCOSIMETERS 


Instrument  A 

Saybolt  Universal 0 .  0022000 

Saybolt  Furol 0 .  0220000 

Engler 0.0014700 

Redwood  No.  1 0.0026000 

Redwood  No.  2(Admiralty)  0.0239000 

Ubbelohde 0.0000868 


D 


Minimum 
Time,  sec. 


1.800 
2.030 
:  71" 
1.880 
0.403 
1.440 


227.30  0.01584 

22.73  0.17860 

340.30  0.02196 

192.30  0.01952 

20.92  0,03857 

57.60  0.04993 


32 
13 
56 
30 
5 
155 
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standard  dimensions,  together  with  the  minimum  time 
of  flow  to  which  the  equations  apply. 

Table  3  has  been  used  to  calculate  Fig.  l,  the  form  of 

which  is  due  to  MaeCoulP  who,  however,  extended  his 
curves  to  lower  times  of  flow.  With  all  except  the  Engler 
and  Barbey  viscosimeters,  the  results  are  usually  reported 
in  seconds.  With  the  Engler  viscosimeter,  results  arc  usu- 
ally reported  in  Engler  degrees,  the  values  being  obtained 
by  dividing  the  time  of  flow  by  the  water  rate,  or  the  time 
ut'  Mow  for  water  at  68  deg.  fahr.  (20  deg.  cent.),  which 
varies  from  50  to  52  sec.  Since  the  viscosity  is  not  pro- 
portional to  the  time  of  flow,  a  value  in  Engler  degrees, 
which  is  only  the  ratio  between  times  ni  flow,  does  not 
represent  the  ratio  of  the  viscosity  of  the  liquid  tested 
to  the  viscosity  of  water.  With  the  Barbey  instrument, 
tests  are  run  for  10  min.  and  results  are  reported  as 
"fluidity,"  which  is  the  flow  in  cubic  centimeters  per 
hour. 

Viscosity    Estimation    at    One    Temperature    from 
Observed  Viscosity  at  Another  Temperature 

It  is  known  that  oils  grow  less  viscous  or  "thin  out" 
as  the  temperature  increases,  but  the  exact  law  of 
variation  is  unknown.  If  it  is  desired  to  estimate  the 
viscosity  of  an  oil  at  one  temperature  from  the  observed 
viscosity  at  another,  a  convenient  method  is  to  assume 
that  the  logarithmic  viscosity-temperature  graphs  are 
straight  and  meet  at  a  point.  This  assumption  is  suffi- 
ciently accurate  for  most  practical  purposes  it'  the  fahren- 
heit  scale  is  used,  and  if  fatty  oils,  steam-cylinder  oils, 
oils  of  lower  viscosity  than  spindle  oils  and  imperfectly 
refined  oils  such  as  fuel  oils,  are  excluded.  It  is  also 
necessary  that  all  oils  on  a  diagram  should  be  from  one 
crude,  as  different  crudes  show  different  points  of  inter- 
section. 

Fig.  2  shows  such  a  logarithmic  viscosity-temperature 
diagram  as  has  been  referred  to,  from  tests  on  different 
fractions  of  the  same  naphthene-base  oil.  It  will  be 
seen  that,  within  the  limits  of  accuracy  of  viscosity 
determinations,  these  oils  give  straight  graphs  and,  since 
they  are  all  of  the  same  base,  the  graphs  within  a  cer- 
tain range  of  viscosity  meet  at  a  point.  The  point  of 
intersection  for  oils  of  any  other  crude  could  be  ob- 
tained in  a  similar  manner,  but  if  more  accurate  in- 
formation is  not  available,  the  points  of  intersection  can 
be  assumed  as  given  in  Table  4. 


TABLE  I      POINTS  OP  INTERSECTION  OF  LOGARITHMIC  vlSCOSITY- 
TEMPERATURE  GRAPES 


Base  of 

I   rmle  Oil 


\  iscosity, 
poises 


Temperature 

ilctf.  fahr. 


Paraffin 
Naphthene 


0  0038 
0.0076 


589 
371 


None  of  the  tests  used  in  finding  the  values  given  in 
Table  4  were  run  at  temperatures  over  212  deg.  fahr. 
( 100  deg.  cent.)  or  below  60  deg.  fahr.  (15.6  deg.  cent.), 
and  extrapolation  beyond  these  limits  would  of  course 
be  hazardous. 

In  estimating  viscosities,  one  point  on  the  diagram  is 
located  by  the  known  viscosity  of  the  oil  in  question  at 
a  given  temperature.  The  point  of  intersection  is  then 
located  and  the  desired  viscosity  is  read  from  the 
straight  line  connecting  these  two  points.  By  combining 
the  methods  of  converting  from  readings  of  one  viscosi- 


*  See  Lubrication,  May,  1921. 

4  See  Transactions  of  American  Society  of  Mechanical  Engineers. 
vol.  27,  p.  423  ;  Archiv  fiir  El'  ctrott  ennik.  vol.  8.  p.  364  :  and  Journal 
of  the  American  Society  of  Mechanical  Engineers,  vol.   3S.  p.  320. 


1.9       ?.0       2.1       ?.2       2.3      2  A 
Log10  Temperature, deg. fahr. 

Fig.  2 — Logarithm  Viscosity-Temperature  Diagram  Based  on 
Tebts  up  Different  Fractions  of  the  Same  Naphtiiene-1'.asb  Oil 

meter  to  another,  and  of  estimating  the  change  of 
viscosity  with  the  temperature,  conversions  can  be  made 
from  one  type  of  instrument  at  one  temperature  to  an- 
other type  at  another  temperature,  although  Fig.  1, 
alone,  serves  merely  for  comparisons  between  tests  at 
the  same  temperature.  But  estimates  of  the  change  of 
viscosity  with  the  temperature  must  always  be  danger- 
ous, as  impurities  may  be  present  in  the  oil  and  change 
the  temperature  coefficient  of  the  viscosity. 

When  it  is  desired  to  know  the  viscosity  of  an  oil  at 
the  temperature  of  a  bearing,  as  in  friction  tests,  the 
viscosity  determinations  should  be  made  at  several  tem- 
peratures within  the  range  of  the  probable  bearing  tem- 
perature. The  logarithmic  viscosity-temperature  dia- 
gram, together  with  the  point  of  intersection,  can  then 
be  used  as  a  check  on  the  accuracy  of  the  viscosity 
determinations,  and  as  a  means  of  enabling  the  interpola- 
tion to  be  made  on  a  straight  rather  than  on  a  curved 
line. 

Every  mathematical  treatment  of  the  subject  of  lubri- 
cation is  based  upon  the  assumption  that  viscosity  is 
the  only  property  of  the  lubricant  that  has  an  influence 
upon  the  friction,  and  that  the  degree  of  smoothness  or 
the  material  of  the  bearing  and  the  journal  are  also  with- 
out influence.  While  many  friction  tests  have  been  made 
and  published,  there  are  very  few  that  give  sufficient 
data  to  check  the  accuracy  of  proposed  formulas.  All 
experimenters  have  observed  the  pressure,  the  speed  and 
the  coefficient  of  friction,  but  few  have  paid  attention 
to  measurements  of  the  viscosity  and  of  the  clearance  in 
the  bearing,  which  are  equally  important.  Reference'  is 
made  to  some  of  the  few  cases  where  film  thickness  has 
been  measured. 

It  is  known  that  a  journal  is  not  concentric  with  the 
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bearing  when  running  at  moderate  speeds;  but,  for  the 
sake  of  simplicity,  it  will  be  assumed  at  first  that  it  is 
concentric  so  that  the  film  thickness,  A,  is  one-half  the 
difference  in  diameters  of  bearing  and  journal.  Then, 
from  the  definition  of  viscosity,  the  turning  moment  due 
to  fluid  friction  would  be,  for  a  journal  completely  sur- 
rounded by  the  bearing, 


where 


M  —  [>tf  (irrfl)  F]  -h2  A 


(6) 


d  =  diameter  of  the  journal 
I  =  length  of  the  journal 
M  =  turning  moment  due  to  fluid  friction 
ju.  =  viscosity  in  poises 
it  d  I  =  area  of  the  rubbing  surfaces 
V  =  speed  of  rubbing 

In  expressing  the  results  of  friction  tests  it  is  cus- 
tomary to  make  use  of  the  coefficient  of  friction,  /,  a 
purely  arbitrary  value  obtained  by  dividing  the  tangential 
force  by  the  total  load  P.  Thus  the  turning  moment  of 
a  journal  having  a  diameter  of  d  is 

M=Y2fdP  (7) 

Combining  equations   (6)  and   (7),  we  get 

f=[lL  (wdl)  F]-t-AP  (8) 

According  to  equation  (8)  friction  is  proportional  to 
the  speed.  At  certain  low  speeds  this  is  true,5  at  moder- 
ate speeds  friction  is  approximately  proportional  to  the 
square  root  of  the  speed,  and  at  very  high  speeds  Lasche" 
found  that  under  the  conditions  of  his  tests  /  was  al- 
most independent  of  the  pressure,  the  speed,  the  tem- 
perature and  the  bearing  metal. 

The  proportionality  between  the  friction  and  the 
viscosity  is  shown  by  Tower's7  experiments,  made  on  a 
bearing  which  extended  about  one-half  way  around  the 
journal.  In  tests  with  lard  oil  at  various  temperatures, 
the  highest  friction  was  obtained  at  60  deg.  fahr.  (15.6 
deg.  cent.).  Calling  the  friction  and  viscosity  100  at  this 
temperature,  Table  5,  calculated  from  Tower's  data, 
shows  the  relative  values  of  the  coefficients  of  friction 
and  of  the  viscosity  of  lard  oil  at  the  other  temperatures. 

It  will  be  seen  that  there  is  a  considerable  variation 
in  the  change  of  viscosity  with  the  temperature,  accord- 
ing to  different  experimenters,  probably  due  in  part  to 
differences  in  the  viscosimeters  employed.  While  the 
change  of  friction  with  the  temperature  is  not  exactly 
the  same  at  all  speeds,  the  average  values  for  friction 
lie  between  those  of  Goodman  and  the  Bureau  of  Stand- 
ards for  viscosity.  Thus,  as  indicated  by  equation  (8), 
at  least  under  certain  conditions,  friction  is  proportional 
to  viscosity.  That  friction  is  inversely  proportional  to 
the  film  thickness  has  been  shown  by  Heimann.* 

There  is  nothing  in  equation  (8)  to  indicate  that  / 
would  not  continue  indefinitely  to  decrease  as  the  pressure 
increased  but,  in  reality,  there  is  a  change  in  the  regime 
at  very  high  pressures  or  very  low  speeds  at  what  is 
called  the  transition  point;  this  is  considered  later. 
Thurston's9  tests  with  varying  pressure  gave  indications 
not  only  of  a  transition  point  but  also  of  the  influence 
upon  friction  of  a  change  in  the  material  of  the  rubbing 


5  See  Zeitschrift  des  Vereines  Deutscher  Ingenieure,  vol.  46.  p. 
1890. 

0  See  Zeitschrift  des  Vereines  Deutscher  Ingenieure,  vol.  46.  p. 
1346;  Journal  of  the  American  Society  of  Naval  Engineers,  vol.  11, 
No.  2  :  and  Zeitschrift  fur  Mathematik  und  Physik.  vol.  50,  p.  97. 

'  See  Proceedings  of  the  Institution  of  Mechanical  Engineers,  18S3, 
p.  651. 

8  See  Zeitschrift  des  Vereines  Deutscher  Ingenieure,  vol.  49,  p.  1165. 

9  See  Friction  and  Lost  Work,  by  R.  H.  Thurston,  p.  297. 

'•  See  Journal  of  the  Franklin  Institute,  vol.  156,  pp.  61  and  70. 
11  See  Proceedings  of  the  Institution  of  Civil  Engineers,  vol.   189, 
part  3,  p.  128. 


surfaces.  He  found  that  the  coefficient  of  friction  was 
less  at  a  pressure  of  500  lb.  per  sq.  in.  (35.0  kg.  per 
sq.  cm.)  than  for  either  250  or  750  lb.  per  sq.  in.  (17.5  or 
52.5  kg.  per  sq.  cm.),  and  less  for  steel  journals  in  brass 
bearings  than  for  cast-iron  journals  in  steel  bearings. 
It  is  evident  that  these  results  cannot  be  explained  by 
equation  (8). 

Friction  Testing  of  Bearing  Metals 

It  appears  from  the  results  of  Thurston  and  others 
that,  under  certain  conditions,  a  friction  machine  can  be 
used  to  determine  the  relative  friction-reducing  proper- 
ties of  different  alloys.  As  the  effect  of  different  bear- 
ing metals  upon  the  friction  can  be  noted  above  as  well 
as  below  the  transition  point,  some  friction  tests  of  these 
metals  will  be  considered  briefly  at  this  point. 

G.  H.  Gamer,'"  who  used  a  Cornell  friction  machine, 
observed  the  friction,  the  running  temperature  and  the 
loss  of  metal  by  wear,  obtained  by  weighing  the  bear- 
ing metal  before  and  after  test.  To  get  sufficient  wear 
he  ran  each  test  at  a  speed  of  525  r.p.m.  for  10,000  revo- 
lutions, or  about  3  hr.  Neither  the  rise  in  the  tem- 
perature nor  the  wear  shows  any  regular  relation  to 
the  friction.  With  a  friction  of  13.0  to  18.5  lb.  (5.9  to 
8.4  kg.)  and  with  a  pressure  of  1000  lb.  per  sq.  in. 
(70.3  kg.  per  sq.  cm.),  as  stated  by  Clamer,  and  as- 
suming one  test-bar,  it  can  be  calculated  that  the  load 
on  the  bar  was  1750  lb.  (794  kg.)  and  that  the  coeffi- 
cient of  friction  varied  from  0.00743  to  0.01057.  The 
Cornell  machine  was  at  one  time  built  to  hold  two  test- 
bars,  but  Clamer  does  not  state  his  area  of  rubbing 
surface,  so  that  the  number  of  test-bars  is   uncertain. 

While  Gamer's  method  of  measuring  wear  is  per- 
haps a  usual  one,  there  is  no  satisfactory  method  ac- 
cording to  Goodman."  After  having  tried  measuring 
the  thickness  by  a  Whitworth  measuring  machine,  weigh- 
ing the  bearing  in  a  chemical  balance  and  measuring 
with  a  spherometer,  arranging  the  legs  on  portions  of 
the  bearing  not  exposed  to  wear,  he  concludes 

All  the  methods  failed  to  show  any  appreciable  wear 
after  a  month's  run  under  a  pressure  of  500  lb.  per 
sq.  in.  (35.1  kg.  per  sq.  cm.).  These  tests  were  made 
of  course  after  the  bearing  was  properly  bedded  down 

If  Goodman's  statement  is  accepted  as  applying  to 
Gamer's  work,  the  conclusion  is  inevitable  that  the  wear 
noted  by  Clamer  was  due  to  inaccuracy  in  the  fit  of  bear- 
ing and  journal,  and  that  the  wear  had  no  significance 
except  perhaps  as  an  indication  of  the  ease  or  difficulty 
with  which  a  given  bearing  metal  can  be  fitted  to  the 
journal.  Goodman  states  that  it  would  take  a  month  or 
more  to  secure  a  perfect  surface  by  wear,  and  that  he 
loaded  the  bearing  just  beyond  the  elastic  limit  of  the 
metal  to  expedite  matters,  and  left  this  load  on  for  about 
15  min.  Even  after  this  treatment,  a  week's  run  in  the 
testing  machine  was  necessary  before  he  considered  the 
bearing  had  bedded  itself  perfectly.  If  preparation  of 
this  kind  is  necessary,  it  is  small  wonder  that  other  ex- 
perimenters have  noted  considerable  wear  of  bearings. 
It  might  be  objected  that  the  quality  of  the  bearing 
metal  was  changed  so  that  Goodman's  tests  do  not  show 
the  friction  quality  of  his  original  samples.  While  it 
thus  remains  a  problem  in  testing  bearing  metals  how 
to  make  a  perfect  fit  by  other  means,  the  above  objec- 
tion would  not  apply  to  tests  of  lubricants. 

The  Transition  Point 

It  has  been  pointed  out  previously  that  equation  (8) 
gives  no  indication  of  more  than  one  regime  of  lubrica- 
tion, or  of  the  change  at  the  transition  point,  in  the  rela- 
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;ion  between  the  different  factors  that  determine  the 
friction.  Yet  that  such  a  change  does  occur  has  been 
shown  both  by  experiment  and  by  calculations  based 
upon  the  laws  of  hydrodynamics. 

Somnierfeld  made  a  very  thorough  invei  I  igal  ion  of  the 
hydrodynamics  of  the  lubrication  of  a  journal  completely 
surrounded  by  the  bearing.  There  are  too  few  tests 
available  with  sufficiently  complete  data  to  check  his  for- 
mulas in  all  details,  but  certain  points  arc  in  agreement 
with  the  tests.  His  equation  for  lubrication  above  the 
transition  point  approaches  equation  (8)  as  the  speed  in- 
creases and  the  journal  becomes  more  and  more  nearly 
concentric  with  the  bearing.  Below  the  transition  point, 
the  friction  increases  as  the  speed  decreases;  so,  the  tran- 
sition point  is  the  point  of  minimum  friction.  Somnier- 
feld gives  a  theoretical  equation  for  conditions  at  the 
transition  point  which  can  be  written 

M=  (50j>  *  n)    •    (-V  <£)'  (9) 

where 

d  —  diameter  of  the  journal 

1  =  length  of  the  journal 

/»  =  viscosity  in  poises 

u  =  speed  of  the  journal  in  revolutions  per  minute 

p  =  pressure  on  the  bearing 

Viscosities  are  usually  given  in  poises,  or  in  times  of 
flow  from  which  the  viscosity  in  poises  can  be  calculated 
by  the  equations  already  given.  If  the  viscosity  is  ex- 
pressed in  poises,  p  must  be  taken  in  dynes  per  square 
centimeter,  or  69,000  times  the  pressure  in  pounds  per 
square  inch  but  rf  and  A  can  be  taken  in  any  convenient 
unit.  If  p  is  known  in  pounds  per  square  inch,  it  might 
be  convenient  to  use  the  equation, 

m=  (350,000  p/n)  X  (Vd)'  (10) 

where 

d  —  diameter  of  the  journal 

^  =  thickness  of  lubricating  film 

m  =  viscosity  in  poises 

n  =  speed  of  the  journal  in  revolutions  per  minute 

p  =  pressure  on  the  bearing 

The  tests  of  Stribeck  show  that,  with  a  given  viscosity, 
the  ratio  p  n  is  a  constant  in  accordance  with  equation 
(9).  Using  a  viscosity  of  1.90  poise,  calculated  from  his 
data  and  the  constants  of  Table  3  for  the  Engler  vis- 
cosimeter,  the  clearance  as  calculated  from  equation  (9) 
would  be  0.0117  cm.  (0.0046  in.).  This  is  roughly- 
checked  by  Sommerfeld's'2  value  of  0.0130  cm.  (0.0051 
in.),  presumably  calculated  from  a  different  viscosity  ob- 
tained by  the  incorrect  equation  of  Ubbelohde  for  the 


"So-  Zetiachr{ft  fiir  Techniache  Phyaik,  L921,  p.  598. 
"See  Zeitaohrift   dea   Vereinea  Deutacher  tngenieure,  vol.   64,  pp. 
■117  and  IS3. 


Engler  viscosimeter.  Sommerfeld  also  obtains  a  value 
of  0.020  cm.  (0.0079  in.)  from  the  tests  of  Bier"  and 
remarks  that,  although  the  actual  clearances  are  not 
known,  they  were  doubtless  of  the  same  order  of  magni- 
tude. From  the  above  value  of  0.0117  cm.  (0.0046  in.) 
from  Stribeck's  tests,  and  Sommerfeld's  equation 

/  =  1.886  Ad  (11) 

the  coefficient  of  friction  at  the  transition  point  would 
be  0.00306.  This  is  in  fair  agreement  with  Stribeck's 
experimentally  determined  values  of  0.0035  to  0.0039. 

To  show  the  very  low  viscosities  theoretically  re- 
quired with  light  loads,  high  speeds  and  small  clear- 
ances, equation  (9)  has  been  applied  to  the  case  of  a 
steam  turbine,  assuming  a  pressure  of  80  lb.  per  sq.  in. 
(5.62  kg.  per  sq.  cm.),  a  speed  of  1800  r.p.m.,  and  a 
ratio  of  A/d  =  0.0005.  Then  the  viscosity  would  be 
0.00389  poises,  which  is  about  that  of  water  at  the  run- 
ning temperature  of  turbine  bearings. 

The  difference  between  the  calculated  viscosity  and 
that  actually  employed  does  not  indicate  an  error  in  the 
equation,  nor  mistaken  practice.  There  is  always  the 
possibility  that  the  pressure  and  temperature  in  the 
bearing  will  be  increased  above  the  normal  values  from 
imperfect  alignment  or  other  cause,  thus  necessitating 
a  more  viscous  lubricant.  The  friction  increases  much 
more  rapidly  with  a  decrease  of  viscosity  below  the 
transition  point  than  with  an  increase  in  viscosity  above 
it;  so,  it  is  impracticable  actually  to  use  a  lubricant  hav- 
ing the  viscosity  of  minimum  friction  at  the  nominal 
temperature  of  the  bearing  and  higher  viscosities  are 
always  used.  The  excess  friction  above  that  at  the  tran- 
sition point  is  the  price  that  must  be  paid  for  an  ade- 
quate factor  of  safety  against  seizure. 

Some  evidence  of  the  general  correctness  of  Sommer- 
feld's equations  is  furnished  by  his  report  on  the  exam- 
ination of  40  locomotives  that  always  ran  in  the  same 
direction.  According  to  the  older  theory  of  Thurston, 
the  point  of  nearest  approach  of  the  bearing  and  the 
journal,  or  point  of  greatest  wear  due  to  fluid  friction, 
would  be  toward  the  "on"  side  from  the  line  of  pressure; 
that  is,  around  the  journal  in  a  direction  opposite  to  the 
direction  of  rotation.  According  to  Sommerfeld,  the 
point  of  greatest  wear  should  be  on  the  other  side  of  the 
line  of  pressure.  It  is  therefore  of  interest  that  of  the 
40  locomotives,  30  showed  more  wear  on  the  "off"  side  of 
bearings,  7  showed  more  wear  on  the  "on"  side  and  3 
were  doubtful.  While  a  majority  of  the  locomotives 
showed  wear  in  accordance  with  Sommerfeld's  calcula- 
tions, it  is  doubtful  whether  the  10  exceptions  indicate 
that  there  was  incomplete  film  lubrication  in  those  cases, 


TABLE  5 — COMPARISON  OF 

RELATIVE   FRICTION  WITH  RELATIVE 

viscosity;  from  data  of  tow  eh 

AND  OTHERS 

Temperature 

Relative  Friction,  according  to  Tower,  for  Speeds  of 

Relative  Viscosity  according  to 

Bureau 

deg. 

deg. 

Ft.  per  min. 

105 

157 

209 

262 

314 

366 

119 

471 

Good- 

Thurs- 

of Stan- 

fahr. 

cent. 

Meters  per  sec. 

0.53 

0.80 

L.06 

1.33 

L.60 

1.86 

2.13 

2.39 

man" 

ton15 

dards16 

120 

48.9 

41 

35 

34 

34 

34 

34 

34 

35 

39 

23 

27 

110 

43.3 

It 

38 

38 

37 

38 

39 

40 

41 

45 

28 

32 

too 

37  s 

49 

tl 

44 

43 

45 

4li 

48 

49 

54 

33 

38 

90 

32.2 

58 

51 

51 

50 

53 

55 

57 

64 

62 

43 

47 

80 

26.7 

68 

62 

61 

61 

64 

66 

69 

72 

73 

55 

59 

711 

21.1 

M 

77 

78 

77 

79 

82 

84 

85 

84 

71 

76 

60 

15.6 

100 

100 

100        100 

100 

100 

100 

100 

100 

100 

100 

"See  Lubrication  and  Lubricants,  t>y  L.  Archtiutt  and  R.  M.  Deeley,  p.  85. 

"See  Friction  and  Lost  Work,  by   It.   H.  Thurston,  p.  191. 

■•From   tests   with  the  Bingham  \ isoosimeter  which  is  described  in  Bureau  of  Standards  Scientific  Paper  No.  29S. 
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that  there  were  some  factors  that  Sommerfeld  did  not 
take  into  account  or  that  there  were  errors  in  the  obser- 
vations of  wear. 

It  is  interesting  to  observe  that  Sommerfeld's  equa- 
tions indicate  an  increase  in  the  friction  at  lower  viscos- 
ities than  at  the  transition  point,  without  any  assump- 
tion of  metallic  contact  or  of  incomplete  film  lubrication. 
But  hydrodynamic  theory  accounts  for  an  increase  of 
friction  of  only  6  per  cent,  while  the  actual  increase  is 
very  much  greater.  Sommerfeld's  equations  are  based 
on  the  assumption  that  the  clearance  space  is  entirely 
filled  with  the  lubricant,  a  condition  that  he  has  shown 
does  not  exist  at  very  low  speeds.  His  equations  are 
therefore  not  in  error,  but  are  inapplicable  to  the  regime 
of  incomplete  film  lubrication.  The  conclusions  are  that, 
with  complete  film  lubrication,  experiments  agree  with 
theory  within  the  experimental  error  so  far  as  the  prop- 
erties of  the  lubricant  are  concerned ;  but,  with  incom- 
plete film  lubrication,  theory  is  of  little  help. 

Incomplete  Film   Lubrication  and  the  Oiliness  of 
Lubricating  Oils 

With  complete  film  lubrication,  viscosity  is  the  only 
property  of  the  lubricant  that  needs  to  be  considered. 
With  incomplete  film  lubrication,  the  differences  in  fric- 
tion with  different  lubricants  under  otherwise  identical 
conditions  cannot  be  accounted  for  by  differences  in  vis- 
cosity. Therefore,  it  is  necessary  to  consider  some  other 
property,  or  properties,  of  the  lubricant.  This  property 
is  only  vaguely  understood;  it  is  not  identified  with  any 
recognized  physical  or  chemical  constants  and  is  known 
by  a  variety  of  names  such  as  body,  oiliness,  greasiness 
and  the  like.  I  shall  use  the  word  oiliness  and  define  if 
as  the  property  that  causes  a  difference  in  the  friction 
when  two  lubricants  of  the  same  viscosity  at  the  tem- 
perature of  the  oil  film  are  used  under  identical  con- 
ditions. 

A  long  series  of  tests  was  made  at  the  Bureau  of 
Standards  to  determine  the  utility  of  a  certain  friction- 
testing  machine  for  measuring  the  oiliness  of  lubricants. 
The  machine  is  of  a  well  known  commercial  type  and  was 
belt-driven.  The  load  is  applied  by  a  spring  to  a  bearing 
block  above  the  horizontal  journal,  the  friction  between 
the  block  and  the  journal  being  weighed  by  a  lever  arm 
having  a  sliding  weight.  The  journal  has  a  diameter  of 
3.748  in.  (9.500  cm.)  and  is  3.480  in.  (8.840  cm.)  long. 
The  width  of  the  bronze  bearing  block  is  2.010  in.  (5.100 
cm.)  so  that  the  gross  projected  area  of  the  rubbing 
surface  is  6.995  sq.  in.  (45.000  sq.  cm.),  thus  checking  the 
value  of  7.000  sq.  in.  given  in  the  manufacturer's  cir- 
cular. The  maximum  pressure  ordinarily  used  was  715 
lb.  per  sq.  in.  (50  kg.  per  sq.  cm.),  while  the  minimum 
attainable  speed  was  43.00  ft.  per  min.  (0.22  meters  per 
sec).  The  arc  of  contact  of  the  bronze  bearing  block 
was  65  deg.,  or  less  than  one-half  the  arc  of  163  deg. 
with  which  Tower  obtained  complete  film  lubrication  on 
an  otherwise  somewhat  similar  machine.  In  all  series  of 
tests  the  bottom  of  the  journal  dipped  into  a  cup  of  oil. 
To  guard,  if  possible,  against  roughening  of  the  journal 
when  seizure  took  place,  a  special  bearing  block  of  white 
metal,  consisting  mainly  of  lead,  was  used.  This  block 
had  neither  oil-hole  nor  oil-grooves,  and  although  the 
bronze  bearing  was  thus  supplied,  the  oil-hole  was  not 
used. 


'"  See  The  Examination  of  Hydrocarbon  Oils,  by  D.  Holde.  trans- 
lated by  E.  Mueller,  p.  124. 

"See  Journal  of  the  American  Society  of  Naval  Engineers,  vol. 
29.  p.  69S. 

1D  See  Journal  of  the  American  Society  of  Mechanical  Engineers, 
vol.  32.  p.  163. 


As  the  temperature  could  not  be  controlled,  it  was  nec- 
essary to  vary  the  viscosity  by  dilution.  For  the  first 
series  of  tests,  three  oils  were  selected;  a  mineral  oil 
of  paraffin  base,  a  second  oil  of  naphthene  base,  and  cot- 
tonseed oil.  All  three  were  diluted  with  300-deg.  mineral 
seal  oil.  This  viscosity  of  minimum  friction  was  about 
0.05  poise,  but  with  most  of  the  tests  the  friction  was 
practically  independent  of  viscosity.  On  this  account,  it 
seems  improbable  that  the  condition  of  complete  film  lu- 
brication was  ever  fully  attained,  although  tests  were 
made  on  both  sides  of  the  transition  point.  No  compar- 
ison with  Sommerfeld's  equations  is  possible  because  the 
bearing  did  not  completely  surround  the  journal.  Since 
the  mineral  seal  oil  had  a  viscosity  near  that  of  the  mini- 
mum friction,  kerosene  and  finally  gasoline  were  used  as 
diluents  to  obtain  still  lower  viscosities.  The  excessive 
discordance  in  the  readings  that  was  observed  in  tests 
at  these  very  low  viscosities  was  doubtless  due  in  part  to 
the  evaporation  of  the  diluent  and  the  consequent  change 
of  the  viscosity  during  a  test. 

In  the  second  series  of  tests,  a  mineral  oil  was  selected 
as  a  standard  of  comparison  and  re-tests  were  made  on 
this  sample  from  time  to  time  to  detect  changes  in  the 
smoothness  of  the  rubbing  surfaces.  At  the  German 
Materialpriifungsamt,  rape-seed  oil  is  used  for  this  pur- 
pose as  is  thus  described  by  Holde" 

The  machine  is  controlled  now  and  then  by  using 
refined  rape-seed  oil.  The  coefficient  of  friction  must 
come  out  within  an  error  of  10  per  cent  under  similar 
conditions  of  experiment;  if  this  is  not  the  case  the 
machine  must  be  run  under  an  average  pressure  of 
50  to  70  kg.  per  sq.  cm.  until  the  normal  condition  is 
reestablished;   this   sometimes   requires   several  weeks. 

The  last  two  words  show  that  there  is  need  of  some 
quicker  method  of  obtaining  a  rubbing  surface  of  stand- 
ard smoothness. 

Among  the  lubricants  tested  in  the  second  series,  al- 
ready mentioned,  were  sucrose  and  glycerine  solutions 
and  petroleum  oils  containing  mica  and  graphite,  but 
there  was  no  indication  of  differences  in  the  oiliness. 
The  tests  also  failed  to  show  any  superiority  of  the  fatty 
oils  as  compared  with  mineral  oils.  While  Meyers"  also 
failed  to  find  any  advantage  from  the  admixture  of  solid 
lubricants,  it  should  be  pointed  out  that  the  reduction  of 
friction  in  case  of  failure  of  the  oil  supply,  as  shown  by 
Mabery,"  might  be  of  considerable  practical  advantage. 
He  found  that  a  friction-testing  machine  would  run  much 
longer,  after  the  supply  of  liquid  lubricant  had  been  cut 
off.  if  the  oil  had  contained  graphite. 

In  another  series  of  tests  at  the  Bureau  of  Standards, 
a  comparison  was  made  between  the  white-metal  bearing 
used  in  all  previous  tests  and  the  bronze  bearing  fur- 
nished with  the  testing  machine,  the  lubricants  being  in 
general  the  same  as  in  the  second  series.  It  was  found 
that  the  coefficient  of  friction  was  mostly  between  0.006 
and  0.008  for  the  white  metal  and  averaged  about  0.009 
for  the  bronze  bearing.  In  most  cases  tests  with  the 
two  bearings  were  alternated,  so  that  the  higher  friction 
of  the  bronze  bearing  could  not  have  been  due  to  an  in- 
creased roughness  of  the  journal.  The  white  metal  had 
a  higher  carrying  power  than  the  bronze  bearing;  that  is, 
an  oil  of  lower  viscosity  could  be  used  with  the  former 
without  excessive  friction  or  seizure.  To  determine 
whether  the  difference  in  friction  and  in  bearing  power 
between  the  two  bearings  was  due  to  a  difference  in  the 
curvature  or  of  the  film  thickness,  careful  measurements 
were  made  of  both  bearings,  but  no  difference  could  be 
detected.  Taken  all  together,  the  tests  of  the  Bureau  of 
Standards  appeared  to  show  the  impossibility  of  detect- 
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ing  differences  in  the  oiliness,  unless  the  pressure   was 
greater  than  about  800  lb.  per  sq.  in.   |  56.2  kg.  per  aq. 
or  the  Bpeed  loss  than  about  40  it.  per  min.  (0.20 
meters  per  see.  > . 

Differences  in  Oiliness  of  Differ]  \i  Li  bricants 
Shown  by  Tests 

While  the  Bureau  of  Standards  friction-machine  testa 

above  described  and  many  others  have  tailed  to  show 
differences  in  the  oiliness,  it  has  often  been  indicated  by 
simple  means  that  such  differences  exist.  Archbutt  and 
Deeley  suggest  the  following  test  to  show  thai  glycer- 
ine is  deficient  in  oiliness. 

When  a  glass  surface  is  rubbed  by  a  uct  finger,  i  i 
having  been  taken  to  remove  all  grease,  the  friction 
between  the  skin  and  the  glass  is  very  considerable. 
Even  such  a  thick  liquid  as  glycerine,  when  the  rubbing 
movement  is  slow,  fails  to  keep  the  surfaces  apart  and 
prevent  the  glass  from  feeling  harsh.  On  the  other 
hand,  a  little  grease,  fat  or  lubricating  oil  will  remain 
as  a  fairly  thick  film  between  the  surfaces  and  enable 
them  to  slip  freely  over  each  other,  even  at  low   speeds. 

Another  simple  means  tor  testing  oiliness  is  by  using 
:i  lubricant  as  a  cutting  oil.  Any  machinist  will  use  lard 
oil,  when  possible,  to  cut  a  "clean"  thread,  and  it  can 
be  considered  that  the  superiority  of  lard  oil  is  due  to 
oiliness.  This  is  a  case  of  intense  pressure,  as  with 
gearing,  and  high  pressures  tend  to  produce  incomplete 
film  lubrication  and  manifestations  of  differences  in  oili- 
ness. 

J.  H.  Hyde  of  the  National  Physical  Laboratory,"1  has 
made  tests  with  a  gear-testing  machine  designed  by 
F.  \V.  Lanchester  and  illustrated  in  the  1920  Report  of 
the  Lubricants  and  Lubrication  Inquiry  Committee  of 
the  British  Department  of  Scientific  and  Industrial  Re- 
ich.3 The  machine  is  described  in  the  National 
Physical  Laboratory  Report  substantially  as  follows 

The  machine  consists  of  a  worm-gearbox  supported 
on  ball  bearings  in  such  a  way  as  to  rotate  about  two 
axes,  one  at  right  angles  to  the  worm  shaft  and  the 
other  at  right  angles  to  the  driven  shaft.  The  efficiency 
of  the  gear  was  measured  directly  by  observing  the 
angle  of  the  axis  about  which  the  box  tended  to  rotate. 
This  enabled  the  efficiency  to  be  obtained  with  one  ob- 
servation instead  of  calculating  it  from  the  energy 
supplied  and  transmitted  in  the  usual  way.  Arrange- 
ments were  provided  on  the  machine  for  altering  the 
load  on  the  gear,  and  the  drive  was  by  a  gasoline 
engine  hand-governed  for  the  particular  speed  required. 

Referring  to  this  machine  in  a  discussion  before  the 
Physical  Society,  Stanton33  said 

It   was  found   that  the   frictional   resistance  of   the 
gear  was  at  40  deg.  cent.    (104  deg.  fahr.)    the  same 
with  castor  oil  as  with  trotter  oil,  although  the  viscosi- 
of  the  two  were  at  that  temperature  as  6  to  1. 

Reference  is  made  also  to  full  reports  on  tests  with 
this  machine  in  the  Proceedings  of  the  Physical  Society 
■  ■>   London1    and  other  English  publications.     There  is, 

See    Lubrication    ami    Lubricants,    by    1^.    Archbutt    ami    i:     M 
31. 
orl  of  National  Physical  Laboratorj   foi    1912,  p    LOO 
iii  -   :i  n,i  i.ui.r  leal  Ion   Enquii 
<■■     rjepan merit  of  Sclent itlo  ami   Industrial   Research,   London,   tor 
1920,  p.  50. 
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,ne     Mineral  0.213  0.234 

Typewriter  Mineral  0.21 1  0.294 

\  ictorj  Red  Mineral  0.196  0.246 

III'   Mm, lei  Mineral  0  193  0.236 

Manchester  Spindle        Mineral  0.183  0.262 

<  astor  Vegetable  0.183  0.159 

\  alvoline  <  \  linder         <  lompounded  0.1  13  .... 

Sperm        , \nimal  0.127  0.1S0 

Trotter \nimal  0.123  o  i:c 

olive         Vegetable  0.119  0  mii 

Rape-Seed  Vegetable  0.1 19  0.136 


however,  danger  of  comparing  the  friction  in  tests  in 
which  the  viscosities  are  so  widely  different,  because  it 
is  difficult  to  determine  how  much  of  the  difference  in 
friction  is  due  to  a  difference  in  viscosity,  and  how  much 
to  a  difference  in  oiliness.  Most  of  the  tests  showed  a 
marked  viscosity  of  minimum  friction  or  of  maximum 
efficiency.  Arranged  in  order  of  excellence,  based  on  this 
point  of  maximum  efficiency,  the  oils  tested  were  castor, 
sperm,  trotter  or  neats  foot,  rape  seed,  F.F.F.  cylinder, 
Victory  Red  and  Bayonne,  the  last  three  being  mineral 
oils. 

R.  M.  Ueeley  made  tests  of  static  friction  with  a  special 
machine  of  his  own  design,  and  found  that  the  coefficient 
of  friction  is  markedly  less  with  fatty  oils  than  with  min- 
eral oils  of  the  same  viscosity.  His  friction  machine, 
which  is  illustrated1'5  in  the  1920  Report  of  the  Lubri- 
cants and  Lubrication  Inquiry  Committee  of  the  British 
Department  of  Scientific  and  Industrial  Research,  is 
thus  described 

The  experiments  were  made  with  a  small  hand-driven 
machine.  Three  pegs,  each  5/32  in.  (4  mm.)  in  diam- 
eter, rested  upon  the  flat  surface  of  a  disc  of  metal 
that  could  be  rotated  slowly.  These  pegs  were  secured, 
concentrically,  to  an  upper  disc  that  could  be  weighted 
as  desired  and  actuated  a  spindle  to  which  a  spiral 
spring  and  recording  finger  were  attached.  When  the 
lower  disc  was  rotated,  the  pegs  were  carried  with  it 
by  the  friction  until  the  surfaces  slipped,  owing  to  the 
stress  on  the  spring,  and  the  finger  gave  the  value  of 
the  frictional   resistance. 

Table  6  gives  the  results  of  Deeley's  tests.  These  ap- 
parently were  made  at  room  temperature. 

The  objection  to  Deeley's  machine,  as  well  as  to  gear 
machines,  appears  to  be  that  the  pressure  cannot  be 
measured  because  the  area  of  contact  is  uncertain  and 
apt  to  vary  from  wear.  There  is  also  no  provision  for 
controlling  the  temperature  with  this  machine. 

L.  Archbutt  in  referring  to  his  tests1'"  with  a  Thurston 


1  UBLB  7 — EFFECT  OF  PATTY  ACID  OPON  COEFFICIENT 
OF  FRICTION 
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Coefficient  of 
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HID  II 

0.0 

0.0066 

2 

99.5 

0.5 

0.0049 

3 

99.0 

1.0 

0.0045 

4 

98.0 

2.0 

0.0042 

5 

100.0 

0.0 

0.0066 
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machine  has  shown,  in  his  discussion  of  the  paper  by 
Wells  and  Southcombe,  that  differences  in  oiliness  can 
be  shown  by  tests  at  moderate  pressures,  at  slow  speeds, 
without  going  to  the  extreme  case  of  zero  speed.  The 
observations  stated  in  Table  7  were  made  on  a  Thurston 
friction  machine  without  stopping  the  machine,  with  a 
speed  of  7  ft.  per  min.  (0.0355  meters  per  sec.)  and  a 
pressure  of  270  lb.  per  sq.  in.  (19  kg.  per  sq.  cm.). 

One  of  the  objections  frequently  made  to  friction  ma- 
chines in  general  is  that,  when  changing  to  a  new  oil, 
the  effect  of  the  one  that  preceded  can  be  noticed  for  a 
long  time.  This  may  lead  to  erroneous  conclusions.  The 
difficulty  in  cleaning  the  rubbing  surfaces  is  emphasized 
in  an  editorial  in  Engineering11  in  which,  referring  to 
Deeley,  the  statement  is  made, 

In  his  view  a  good  lubricant  forms  a  sort  of  quasi- 
chemical  composition  with  metallic  surfaces,  and  is 
with  very  great  difficulty  dislodged  therefrom.  In  fact, 
to  remove  the  oily  film  thus  formed  it  is  necessary  to 
grind  away  the  surface  under  water,  it  being  impos- 
sible to  wipe  it  clean  and  very  difficult,  perhaps  im- 
practicable, to  dissolve  it  off.  , 

Table  7  seems  to  refute  this.  It  is  believed  possible 
that  the  idea  of  persisting  films  originated  from  noting 
that  the  friction  did  not  change,  as  was  expected,  when 
the  oil  was  changed;  but  this  does  not  take  into  con- 
sideration the  fact  that,  under  certain  conditions  as  in 
the  Bureau  of  Standards  tests,  friction  depends  very 
slightly  upon  the  kind  of  lubricant  and  can  be  changed 
only  by  a  change  in  smoothness  of  the  rubbing  surfaces 
due  to  wear. 

That  fatty  oils  are  superior  to  mineral  oils  when  there 
is  incomplete  film  lubrication,  appears  to  have  been 
proved  unmistakably,  but  the  reasons  given  for  this  su- 
periority are  much  less  satisfactory.  Alford25  says  that 
oiliness  has  been  defined  as 

That  property  of  an  oil  that  influences  the  change  in 
viscosity  when  the  oil  is  under  pressure;  or,  as  that 
property  that  influences  the  intensifying  of  the  viscosity 
in  the  portion  of  the  oil  film  within  the  region  of  at- 
traction of  the  surface  molecules  of  the  metals  of 
bearing  and  journal. 

Since  it  is  generally  recognized  that  animal  and  vege- 
table oils  have  greater  oiliness  than  mineral  oils,  it  would 
be  expected  from  the  first  part  of  this  definition  that 
the  former  oils  would  increase  in  viscosity,  with  an  in- 
crease in  pressure,  faster  than  mineral  oils  increase  in 
viscosity.  That  this  is  far  from  being  the  case  was  found 
by  Deeley,20  who  observed  that 

Raising  the  pressure  to  900  atmospheres  increased 
the  viscosity  of  vegetable  and  animal  oils  4  times  and 
that  of  mineral  oils  16  times,  but  viscosity  was  clearly 
not  the  only  factor  to  be  considered. 


K  See  Engineering,  vol.  108,  p.  755. 

!8  See  Bearings  and  Their  Lubrication,  by  L.  P.  Alford,  p.   112. 

'"See  Engineering,  vol.  108,  p.  758. 

30  See  Journal  of  the  Institution  of  Petroleum  Technologists,  vol. 
4,  pp.  200  and  206. 

31  See  The  Forum,  May,  September.   October  and  December,   1919. 
33  See  Journal  of  the  Society  of  Chemical  Industry   (London),  vol. 

39,  p.  5  IT. 

33  See  Zeitschrift  fur  Physikalische  Chemie,  vol.  31,  p.  42;  and 
Circular  No.  124  of  the  Paint  Manufacturers'  Association  of  the 
United  States. 

3*  See  Annalen  der  Physik  und  Chemie,  vol.  140,  p.  367. 

85  See  Engineering,  vol.  102,  p.  119;  and  Proceedings  of  the  Phys- 
ical society  of  London,  vol.  32,  part  2,  p.  14S. 

33  See  Journal  of  the  American  Society  of  Mechanical  Engineers, 
vol.  41,  p.  537. 


Dunstan  and  Thole,""'  express  a  similar  opinion,  saying 

We  feel  that  some  other  more  definite  criterion  is 
needed  and  we  propose  to  combine  with  the  viscosity 
the  determination  of  the  surface  tension,  adopting  for 
the  measurement  of  the  latter  property  the  weight  of 
a  falling  drop A  lubricating  oil  should  con- 
tain a  certain  proportion  of  unsaturated  hydrocarbons. 
....  If  this  view  is  correct,  acid  treatment  of  a 
lubricating  oil  in  the  course  of  its  production  should 
be  reduced  to  a  minimum,  since  it  tends  to  remove  not 
only  the  harmful  resins  but  also  the  unsaturated  hydro- 
carbons that  are  valuable  on  account  of  their  high 
viscosity  and  body.  The  physical  condition  of  a  good 
lubricant  is  probably  colloidal. 

The  idea  that  acid  treatment  is  injurious  and  colloids 
beneficial  has  been  amplified  by  Acheson.31  Wells  and 
Southcombe32  found  that  surface  tension,  as  ordinarily 
measured,  had  little  significance,  but  that  differences  in 
oiliness,  or  body,  were  indicated  by  the  interfacial  ten- 
sion between  the  lubricant  and  the  adjacent  metal.  The 
theory  is  somewhat  uncertain  because  it  depends  upon 
the  assumption  that  the  size  of  a  drop  formed  under 
water  is  an  indication  of  this  interfacial  tension.  By 
using  the  drop  apparatus  of  Donnan,33  Wells  and  South- 
combe found  that  the  interfacial  tension  was  less  for 
vegetable  and  animal  oils  than  for  mineral  oils,  but  that 
the  addition  of  a  relatively  minute  amount  of  fatty  acid 
to  a  neutral  mineral  oil  reduces  the  tension  to  that  of  a 
commercial  animal  or  vegetable  oil  or  compounded  lubri- 
cating oil. 

The  possibility  that  good  oiliness  is  due  to  high  adhe- 
sion or  adsorption  is  often  overlooked  on  account  of  the 
assumption  that  adhesion  is  always  adequate.  Ever  since 
Warburg34  showed  that  there  was  no  slip  at  the  walls  of 
a  capillary  tube,  all  equations  of  hydrodynamics  have  been 
simplified  by  making  the  coefficient  of  adhesion  equal  to 
infinity;  although  Warburg  merely  showed  an  absence 
of  slip  under  the  conditions  of  his  tests,  and  did  not 
prove  that  adhesion  or  adsorption  would  be  sufficient  to 
prevent  slip  if  the  shearing  forces  were  increased  greatly. 
In  cases  of  high  pressure  and  insufficient  supply  of  lubri- 
cant, the  load  will  be  concentrated  on  a  small  area,  the 
film  will  be  extremely  thin  and,  accordingly,  the  shearing 
stresses  will  be  very  high.  Thus,  in  an  article  on  the 
lubrication  of  gear  teeth,35  it  was  shown  that  in  turbine 
reduction-gears  the  thickness  of  the  oil  film  between  the 
teeth  was  of  the  order  of  0.000125  in.  (0.00032  cm.). 

A  committee  of  the  American  Society  of  Mechanical 
Engineers36  attempted  to  cause  slip  at  the  boundaries, 
by  the  use  of  even  thinner  films  with  a  tapered  plug  ro- 
tating in  a  ring.  They  were  unsuccessful,  however,  and 
concluded  that 

With  films  as  thin  as  0.000025  in.  (0.000064  cm.)  and 
rates  of  shear  up  to  261,000  radians  per  sec,  at  atmos- 
pheric pressure  and  temperature,  there  was  no  indi- 
cation of  slip  and  no  deviation  from  the  ordinary  law 
of  viscosity  that  could  not  be  attributed  to  inaccuracy 
of  the  fitted  surfaces. 

Thus,  while  there  is  no  definite  proof  in  regard  to 
the  cause  of  variations  in  oiliness,  the  most  promising 
theory  appears  to  be  that  good  oiliness  is  due  to  low 
interfacial  tension  between  the  lubricant  and  the  adja- 
cent metallic  surfaces,  aided  perhaps  by  selective  adsorp- 
tion of  unsaturated  hydrocarbons,  colloids  or  fatty  acids. 

Service  Tests 

In  spite  of  the  large  amount  of  work  that  has  been 
done  with  oil-friction  testing-machines  in  the  attempt 
to  test  the  quality  or  oiliness  of  lubricants,  there  are 
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many  experimenters  who  agree  with  Jacobus  that  ex- 
perience in  making  friction  tests  has  led  to  the  convic- 
tion that  results  obtained  in  a  laboratory  give  no  indi- 

on  of  the  value  of  an  oil  as  a  lubricant   in  practical 
use.    It  is  believed  thai  this  conclusion  is  too  sweeping, 
although  considerable  caution  must  be  used  in  interpre 
ting  the  results  of  lain  ratory  as  well  as  of  service  tests. 
ICCOUnl  of  dissatisfaction  with  the  former,  there  is  a 
mg  tendency  to  discard  them  altogether  and  to  rely 
tsrvice  tests.     It  is  believed,  however,  that  these  may 
I  to  as  many  erroneous  conclusions  as  tests  made  with 
the  worst  friction-machines.     In  making  a  service  test, 
a  run  is  made  on  the  oil  previously  used  and  then  this 
oil  is  replaced  by  a  new  brand,  recommended  by  the  engi- 
neer conducting  the  tests.     The  new  brand  of  oil  often 
-hows  say  20  per  cent   lower   friction.     As  a  saving  of 
_'o  per  cent  is  a  considerable  item  when  measured  at  the 
coal   pile,   the   manufacturer   readily   agrees    to   buy   the 
new  brand  of  oil.     Yet  the  apparent  superiority  of  the 
new  brand  may  be  due  merely  to  its  lower  viscosity,  or 
to  the  higher  temperature  of  a  warmer  day  at  the  time 
of  the  second  run. 

Let  it  be  assumed  that  there  are  ring-oilers,  forced 
feed  or  other  means  of  insuring  complete  film  lubrica- 
tion, so  that  the  friction  is  proportional  to  the  viscosity. 
Then,  if  the  average  bearing  temperature  is  100  deg. 
fahr.  (37.8  deg.  cent.)  and  the  oil  has  a  Saybolt  universal 
viscosity  of  300  sec.  at  this  temperature,  the  change  of 
viscosity  and  hence  the  change  of  friction  will  be  at  least 
2.0  per  cent  per  deg.  fahr.  (3.6  per  cent  per  deg.  cent.). 
A  change  of  temperature  of  only  10.0  deg.  fahr.  (5.6  deg. 
cent.)  is  therefore  all  that  would  be  necessary  to  pro- 
duce what  would  appear  to  be  the  remarkable  increased 
"lubricating  efficiency"  of  the  new  oil.  Even  if  care  is 
taken  that  the  two  runs  are  made  at  the  same  tempera- 
ture, the  new  oil  selected  may  be  of  lower  viscosity  and 
hence  show  a  lower  friction.  However,  this  is  not  the 
only  point  to  be  considered,  since  freedom  from  break- 
downs and  delays  is  of  more  vital  importance  to  manu- 
facturers than  the  minimum  friction.  The  ratio  of  the 
osity  of  the  oil  under  service  conditions  to  the  vis- 
cosity of  minimum  friction  can  be  regarded  as  a  measure 
of  the  factor  of  safety  against  seizure,  and  it  is  not 
always  an  advantage  to  reduce  the  friction  at  the  cost  of 
a  decrease  in  the  factor  of  safety.  If  the  viscosity  of 
minimum  friction  could  be  decreased,  it  would  be  possible 
to  decrease  the  viscosity,  and  hence  to  decrease  the  fric- 
tion, without  any  decrease  in  the  factor  of  safety;  but 
it  seems  improbable  that  means  will  be  discovered  for 
accomplishing  this,  since  the  viscosity  of  minimum  fric- 
tion has  been  shown  to  be  a  definite  function  of  pressure, 
speed  and  clearance  in  the  bearing.  It  would,  however, 
be  safe  to  employ  a  lower  factor  of  safety  if  the  danger 
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of  seizure  could  be  reduced  when  the  oil  film  is  incom- 
plete, and  this  is  the  purpose  of  adding  solid  lubricants 
in  suspension. 

The  value  of  graphite  in  cases  of  incomplete  film  lubri- 
cation is  pointed  out  in  a  -Memorandum  on  Solid  Lubri- 
cants,    m  which  it  is  stated 

Opinions  appear  to  he  unanimous  that,  when  usin;; 
graphite,    motorcycle,    automobile    and    stationary   gas 
engines  start    more  easily   and   with  greater   freedom. 
Speaking  generally,   half  the   friction   in   an   internal- 
combustion   engine   is   piston   friction;    the   lubricating    ' 
oil  film  is  probably  never  complete  and  a  certain  amount 
of    metallic    contact,    or   dry    friction,    takes    place.      In 
the    United    States,    colloidal    graphite    appears    to    be 
extensively   used   for  the  initial   "running-in"  of  auto- 
mobile  engines;   it   is  said  to  save  considerable  time  in 
producing  a  good  surface  and  gives  the  engine  a  good 
internal   "skin"  before  leaving  the  builders'  works. 
A  committee  report  of  the  Automobile  Club  of  Amer- 
ica" is  of  interest  in  this  connection,  but  it  should  be 
realized  that  an  automobile  engine  is  a  complicated  ma- 
chine, and  that  the  interpretation  of  results  is  an  even 
more  difficult  problem  than  with  friction  machines.   Very 
high  pressures  have  been  carried  by  the  Kingsbury  and 
the  Michell  thrust-bearings'"  without  excessive  friction; 
but  this  is  due  to  the  peculiar  construction  of  the  bear- 
ings, which  utilize  the  wedging  action  of  the  oil  film,  and 
is  not  an  indication  of  the  superiority  of  any  lubricant. 

Desirable  Features  of  Oil-Friction  Testing- 
Machines 
It  is  safe  to  say  that  no  one  testing  machine  can  solve 
all  the  problems  of  lubrication.  Such  questions  as  the 
effect  of  centrifugal  force  in  causing  deposits  of  sedi- 
ment, the  effect  of  reciprocating  motion  or  the  quantity 
of  oil  actually  reaching  a  given  rubbing  surface,  must 
be  solved  by  service  tests  or  by  special  machines  that 
are  simplified  commercial  machines;  for  example,  the 
cylinder  friction  and  lubrication  testing  apparatus  of 
A.  E.  Flowers,"  the  Sternol  machine'2  for  engine  cylin- 
der oils  and  greases,  and  the  Golden  machine"  for 
greases.  Many  problems  in  regard  to  deterioration  in 
use  can  be  solved  best  in  the  chemical  laboratory.  A 
friction  machine  especially  suited  to  test  oiliness  is  of 
greatest  interest,  therefore,  to  the  lubricating  engineer, 
leaving  it  to  the  machine  designer  to  experiment  with 
the  laws  of  lubrication  or  to  make  special  tests  on  special 
machines.  No  machine  on  the  market  comprises  all  of 
the  following  desirable  features : 

(1)  Means  for  attaining  as  high  a  pressure  as  pos- 
sible without  danger  of  an  inconveniently  rapid 
change  in  area  of  rubbing  surface  due  to  wear. 
In  the  Lumet"  machine,  the  load  is  concentrated 
on  a  small  area  by  using  four  friction  blocks 
forced  by  oil  pressure  against  the  inside  of  a 
hollow  cylinder.  In  the  Deprez  and  Napoli'5  ma- 
chine, there  are  three  blocks  pressed  against  a 
disc.  In  Deeley's  hand-driven  machine,  there  are 
three '  pegs  as  previously  described.  It  is  im- 
portant that  the  whole  machine  should  be  kept 
small  and  light  so  that  the  load  can  be  applied 
or  the  machine  calibrated  without  the  use  of  ex- 
cessively heavy  weights,  although  this  is  not  so 
essential  if  the  load  is  hydraulically  applied. 
Kingsbury"'  had  means  for  releasing  the  pressure 
on  the  bearing  without  changing  the  pressure  ad- 
justment 

(2)  The  drive  should  be  so  arranged  that  a  sufficiently 
low  speed  can  be  reached;  this  is  9  in.  per  min. 
(0.0038  meters  per  sec.)  according  to  Archbutt 
and  Deeley.47  A  variable  speed  is  obtained  by  a 
friction    drive    in    the    Schmitz"    machine,    which 
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appears  to  be  an  innovation.  It  is  desirable  that 
the  direction  of  rotation  be  reversible  for  facili- 
tating the  running-in  of  bearings.  A  revolution- 
counter  is  satisfactory  for  measuring  the  speed, 
although  it  would  be  convenient  to  use  a  tacho- 
meter also 

(3)  A  sensitive  and  easily  calibrated  method  of 
measuring  friction.  This  probably  would  exclude 
the  possibility  of  measuring  dry  and  fluid  friction 
on  the  same  machine 

(4)  Means  for  supplying  the  lubricant  in  unlimited 
or  in  definitely  measured  quantities,  together  with 
a  device  for  spreading  it  uniformly  over  the  rub- 
bing surfaces.  A  machine  with  forced-feed  lubri- 
cation is  in  use  at  the  engineering  experiment 
station,  at  Annapolis,19  and  Alexander's5"  machine 
has  both  forced  feed  and  other  means  for  apply- 
ing the  lubricant 

(5)  Means  for  measuring  the  pressure  in  the  oil  film. 
This  is  of  importance  because  it  determines  the 
proper  point  for  the  admission  of  the  lubricant 

(6)  Means  for  measuring  the  temperature  of  the  oil 
film.  This  could  be  accomplished  by  the  insertion 
of  a  thermocouple  in  the  bearing,  in  a  pocket 
connected  with  the  clearance  space,  but  with  a 
completely  encased  bearing,  as  in  the  machines 
of  Kingsbury  and  of  Meyers,  this  probably  would 
not  be  necessary 

(7)  Means  for  controlling  the  temperature  of  the 
bearing,  for  both  accuracy  and  to  save  time  in 
testing.  Goodman  says  that  "it  is  hopeless  to 
get  reliable  and  consistent  results  in  any  bearing- 
testing  machine  unless  the  temperature  is  very 
carefully  controlled" 

(8)  Means  for  observing  the  point  of  seizure  accur- 
ately, and  to  prevent  roughening  of  bearing  and 
journal  when  seizure  occurs.  In  the  Hopps51  ma- 
chine, an  automatic  belt-shifting  device  operates 
on  approaching  seizure  and  stops  the  machine 

(9)  Means  for  measuring  and  adjusting  the  clear- 
ance or  film  thickness.  This  might  be  accom- 
plished by  a  conical  journal,  as  in  the  machine 
of  Moore  and  Richter,52  but  the  difficulties  of  ob- 
taining a  perfect  fit  in  the  bearing  would  be 
increased 

(10)  Means  for  changing  the  rubbing  surfaces  readily 
to  permit  the  study  of  wear,  bearing  metals  and 
efficiency  of  oil-grooves;  and,  more  especially, 
for  maintaining  the  rubbing  surfaces  at  a  con- 
stant smoothness  when  testing  lubricants 

Nine  of  the  above  stated  requirements  could  be  met 
with  a  journal-friction  machine,  but  the  attainment  of 
the  tenth  requirement  seems  well-nigh  impossible.  Yet 
this  last  requirement  is  the  most  important  of  all,  be- 
cause it  was  evident  from  the  Bureau  of  Standards  tests 
that  it  is  futile,  or  at  least  very  wasteful  of  time  and 
effort,  to  use  a  machine  in  which  means  are  not  provided 
to  maintain  rubbing  surfaces  of  uniform  smoothness. 
At  first  sight  it  might  be  considered  possible  to  supply  a 
journal  with  an  interchangeable  sleeve;  then,  the  sleeve 
could  be  removed  as  often  as  desired  and  subjected  to  a 
standai-dized  polishing  process  that  would  restore  it  to 
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its  original  smoothness.  The  objection  to  this  scheme  is 
that  any  such  polishing  would  change  the  radius  of  curv- 
ature and  hence  change  the  fit  or  the  film  thickness. 

The  best  method  of  overcoming  the  difficulty  appears 
to  be  by  abandoning  the  journal  type  of  machine  entirely 
and  adopting  a  lower  disc  with  the  friction  applied  by 
an  upper  disc,  annulus  or  one  or  more  blocks,  the  rub- 
bing surfaces  being  on  interchangeable  veneers  that  can 
be  removed  for  polishing.  While  disc  machines  have  not 
been  used  as  often  as  journal  machines,  those  of  Wood- 
bury," Kapff"  and  Hislop55  are  mentioned,  the  last  being 
a  composite  machine  to  test  journal,  disc  or  cylinder  fric- 
tion. Archbutt  and  Deeley36  discuss  the  suitability  of 
disc  and  collar  friction  machines  for  oil  testing,  as 
follows : 

The  wedging  action  of  the  lubricant,  resulting  from 
the  different  radii  of  the  surfaces  of  cylindrical  jour- 
nals and  the  brasses  that  rest  upon  them,  does  not 
affect  the  lubrication  of  collar  or  disc-shaped  surfaces 
to  any  very  great  extent.  On  this  account,  the  loads 
that  such  flat  bearings  will  carry  are  about  one-eighth 
part  of  those  that  may  be  put  upon  journals.  Collar 
and  disc  lubrication  depends  mainly  for  its  efficiency 
upon  the  oiliness  or  greasiness  of  the  lubricant  used. 
Such  bearings  would,  therefore,  seem  to  be  well  calcu- 
lated to  give  good  results  in  oil-testing  machines.  Of 
course,  they  will  always  give  comparatively  high  fric- 
tion resistances  and  therefore  they  must  not  be  re- 
garded as  suitable  for  comparison  with  those  obtained 
with  the  cylindrical  bearings  of  actual  working  ma- 
chines, or  machine  tools.  However,  as  the  conditions 
that  obtain  in  lubricated  bearings  become  better  under- 
stood, it  seems  likely  that  disc  or  collar  machines, 
highly  loaded  and  running  at  moderate  speeds,  will  be 
more  and  more  extensively  used  for  oil  testing  purposes. 

The  possibility  of  maintaining  a  constant  smoothness 
of  rubbing  surfaces  adds  one  more  reason  for  the  use  of 
disc  oil-friction  testing-machines  to  those  enumerated  in 
the  above  quotation. 

Conclusions 

(1)  In  comparing  viscosity  and  friction  it  is  necessary 
to  use  a  unit  of  absolute  viscosity,  preferably  the 
poise  or   centimeter-gram-second   unit 

(2)  The  viscosity  in  poises  can  be  calculated  from 
times  of  flow  in  seconds  by  suitable  equations  that 
are  given  for  the  viscosimeters  most  frequently 
used 

(3)  In  estimating-  tke  change  of  viscosity  with  the" 
temperature,  it  is  convenient  to  make  use  of  the 
observed  fact  that,  with  certain  restrictions,  the 
logarithmic  viscosity-temperature  graphs  are 
straight  lines  which  meet  at  a  point 

(4)  Friction  tests  with  complete  film  lubrication  can 
give  no  information  in  regard  to  the  quality  of  a 
lubricant,  and  viscosity  is  measured  more  readily 
with  a  viscosimeter 

(5)  The  only  use  of  a  friction-testing  machine  for 
determining  quality  of  a  lubricant  is  in  measuring 
oiliness,  and  this  must  be  done  at  high  pressures, 
low  speeds  or  other  conditions  which  cause  incom- 
plete film  lubrication.  It  can  be  assumed  that  the 
pressure  must  be  over  800  lb.  per  sq.  in.  (56.2  kg. 
per  sq.  cm.)  or  the  speed  less  than  40  ft.  per  min. 
(0.20  meters  per  sec.) 

(6)  Bearing  metals  also  should  be  tested  with  incom- 
plete film  lubrication 

(7)  It  is  impracticable  to  keep  a  constant  smoothness 
of  rubbing  surfaces  with  a  journal  bearing,  so  that 
changes  in  friction,  commonly  supposed  to  be  due 
to  changes  in  quality  of  lubricant,  are  generally 
due  to  changes  in  smoothness 
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(8)  Service  tests  are  even  more  untrustworthy  than 
friction  tests,  because  there  are  a  multitude  of 
bearings  whose  temperature  cannot  be  controlled 
or  estimated  readily 

(9)  The  best  solution  of  the  difficult;  appears  to  be 
the  use  of  a  disc  machine.    The  disc  could  be  kept 


of  constant  smoothness  by  removing  an  inter- 
changeable veneer  and  subjecting  it  to  a  standard- 
ized polishing  process  after  the  test  of  each  oil,  if 
necessary.  A  journal  could  not  be  kept  polished 
in  this  way  because  the  radius  of  curvature,  and 
consequently  the  film  thickness,  would  be  changed 


MARKETING  GRAIN 


THE  commercial  life  of  America  is  nioit'  closely  interwoven 
with  the  grain  trade  than  many  people  suppose.  Out 
through  the  Mi. Idle  West  wheat  has  always  been  a  frontier 
crop;  every  section  started  as  a  one-crop-wheat  region. 
.Money  came  in  only  once  a  year,  directly  after  harvest.  Even 
after  the  coming  of  diversification  the  fall  of  the  year  is  the 
time  when  farmers  cash  in  on  their  season's  work.  This 
being  true,  it  is  only  natural  that  all  notes  and  bills  due 
from  farmers  should  he  made  payable  in  the  fall.  Likewise 
it  is  natural  that  jobbers,  wholesalers  and  manufacturers 
should  expect  the  heaviest  payments  after  the  annual  harvest. 
The  entire  commercial  system  of  the  country  has  been  built 
around  the  harvest  season.  The  railroads  prepare  for  a 
y  movement  of  freight,  the  banks  prepare  for  a  flow  of 
currency  and  credits  into  the  agricultural  districts  to  finance 
crop  movement,  manufacturers  in  the  East  bear  in  mind  that 
ciop-moving  time  is  not  a  good  time  for  them  to  borrow 
money,  country  bankers  and  merchants  look  sharply  after 
collections,  and  the  Western  banks  expect  payments  on  the  ne- 
gotiable paper  they  have  been  carrying.  There  is  a  flow  of 
money  from  the  East  to  the  South  and  West  every  fall;  then 
a  counterflow  in  the  winter.  In  the  spring,  when  planting- 
time  comes,  there  is  another  but  smaller  westward  flow  of 
money  and  credits. 

Since  the  country  is  all  tied  together  commercially  and  in- 
dustrially and  the  will-being  of  any  class  depends  upon  the 
welfare  of  every  other  class,  it  seems  clear  that  what  the 
fanners  should  strive  for,  in  addition  to  equal  opportunity 
between  buyer  and  seller,  is  equal  justice  between  buyer, 
seller  and  ultimate  consumer. 


Some  leaders  think  that  the  farmers  should  control  the 
terminal  elevators  and  establish  a  big  central  cash-market 
where  they  can  sell  from  samples.  They  point  out  that  the 
terminal  elevators  not  only  receive  storage  charges  but  are 
able  to  clean  and  mix  and  re  grade  and  thus  make  another 
profit.  With  a  system  of  bonded  warehouses  and  some  means 
of  using  warehouse  receipts  for  securing  loans,  together  with 
terminal  warehouses  and  a  cash  market,  some  of  the  farm 
.  leaders  think  it  will  not  be  necessary  nor  perhaps  wise  to 
recommend  anything  more  comprehensive  in  the  way  of  con- 
trol. They  realize  that  the  proposal  of  a  very  radical  change 
would  mean  a  complete  realignment  of  the  methods  of  doing 
all  business,  probably  causing  no  end  of  opposition  and  loss 
of  good  will. 

When  it  comes  to  control  of  production  the  present  leaders 
believe  that  this  can  be  best  left  to  individual  judgment,  pro- 
vided the  individuals  are  given  unquestioned  world-crop  facts 
upon  which  to  base  their  judgment.  A  world-wide  Govern- 
mental crop-reporting  service,  with  daily  reports  sent  out  to 
all  parts  of  the  country,  would  be  of  inestimable  value  to  the 
farmers  at  planting  time  and  curb  the  effect  of  market  ru- 
mors that  so  frequently  affect  prices  on  the  exchanges. 

The  farmers  already  own  and  control  nearly  5000  country 
elevators,  and  these  doubtless  will  and  should  be  increased. 
They  may  find  it  advisable  to  take  a  hand  in  terminal  mar- 
keting both  as  members  of  the  exchanges  and  through  the 
creation  of  a  big  cash  market.  The  whole  country  is  looking 
forward  hopefully  to  a  sane,  constructive  program  of  market- 
ing that  all  interests  can  indorse. — P.  S.  Rose  in  Country  Gen- 
th  man. 


ENGINEERING  EDUCATION 


IN"  previous  years  the  first  consideration  of  those  contem- 
plating studying  engineering  has  beer,  how  quickly  they 
can  finish  the  course  and  get  out  and  earn  money.  The 
purely  commercial  point  of  view  has  been  too  much  evident 
for  the  good  of  any  profession,  and  especially  so  far  as  the 
impression  of  the  public  and  its  attitude  toward  the  engineer 
are  concerned.  A  better  professional  spirit  no  doubt  is  in- 
culcated through  a  greater  familiarity  with  those  subjects 
dealing  with  the  political,  social  and  economic  progress  of 
humanity.     It  would  bring  the  engineer  closer  to  the  public. 

To  my  mind  the  physician,  lawyer  and  minister  come  more 
ly  into  contact  with  the  great  majority  of  the  people 
than  does  the  engineer,  and  furthermore  devote  more  time 
to  matters  that  are  given  daily  publicity  in  the  newspapers 
and  other  publications.  It  is  therefore  to  be  expected  that 
they  are  given  greater  recognition  by  society.  This  may  be 
due  not  so  much  to  their  having  been  trained  in  the  "higher 
education"  any  more  than  engineers,  for  sometimes  the  con- 
trary appears  to  be  evident,  judging  from  the  position  taken 
by  some  of  them  on  important  questions  concerning  the  best 
interests  of  the  public. 

The  aloofness  of  engineers  in  general  from  association  with 
the  lay  public  in  helping  to  determine  public  policy  and  as- 
sisting in  clarifying  the  minds  of  non-technical  men  in  mat- 
ters that  may  need  at  times  the  benefit  of  the  judgment  and 
imagination  of  the  scientifically  trained  person,  and  even  in 
cases  where  scientific  or  technical  questions  are  not  involved, 
would  continue  to  keep  the  engineer  in  the  background  so 
long  as  that   attitude    is   maintained.     Commercial,   govern- 


mental and  public  as  well  as  semi-public  officials  and  com- 
mittees would  welcome  the  service  that  engineers  could 
bring  into  their  various  deliberations  on  moot  questions  and 
discussions. 

The  higher  cultural  training  for  the  engineer  would  be 
more  apt  to  create  in  him  a  greater  interest  and  understand- 
ing of  public  affairs  and  greater  realization  that  the  interest 
of  the  engineer  is  bound  up  with  that  of  the  public.  He  will 
then  more  frequently  find  his  place  willingly  and  naturally 
alongside  of  men  of  other  professions  on  directorates  of 
large  and  small  corporations,  as  heads  of  large  industries 
and  commercial  or  public  organizations  and  on  their  commit- 
tees. The  public  in  its  press  would  soon  recognize  the  con- 
tribution of  the  engineer  to  the  general  public  welfare  and 
his  lack  of  recognition  by  society  would  no  longer  be  a  sub- 
ject calling  for  serious  consideration  by  all  branches  of  the 
I  rofession. 

The  lack  of  a  definite  constructive  policy  toward  developing 
an  apprenticeship  for  engineers  and  skilled  labor,  is  a  con- 
dition that  today  underlies  a  great  many  of  our  economic 
troubles. 

In  Europe  it  would  be  evident  to  any  American  engineer 
visiting  there,  how  different  the  attitude  of  the  public  is 
toward  the  technical  professions,  how  much  more  the  engi- 
neer and  engineering  associations  are  devoted  to  an  interest 
in  public  affairs,  and  how  much  they  assist  in  formulating 
policies  and  activities.  The  higher  cultural  education  gen- 
erally of  European  engineers  is  perhaps  accountable  for  this. 
— Maurice  Deutsch  in  Engineering  Mews-Record. 
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RAILROAD  electrification,  perhaps,  appeals  to  a  larger 
part  of  the  public  than  power  for  industrial  use.  For 
20  years  or  more  the  electrification  of  railroads  has  been  a 
subject  of  general  interest.  From  time  to  time,  as  certain 
railroads  have  changed  from  steam  to  electrical  operation 
for  portions  of  their  lines,  the  passing  of  the  steam  loco- 
motive has  been  confidently  predicted  by  experts  who  have 
been  impressed  with  the  superiority  of  electric  traction,  but 
the  steam  locomotive  not  only  appears  to  be  holding  its  own, 
but  by  notable  improvements  in  design  and  appurtenances 
seems  recently  to  have  taken  a  new  lease  of  life.  Outside 
of  the  work  on  the  Chicago.  Milwaukee  &  St.  Paul  Railway 
there  have  been  very  few  electrical  installations  in  trunk 
lines  in  the  past  4  or  5  years. 

Advantages  of  Electrification 

The  major  advantages  of  electrification  are  well  known. 
In  general  they  include  increased  line  capacity,  because  of 
increased  train  speed  and  heavier  train  loading;  fuel  econ- 
omy, because  of  the  more  efficient  conversion  of  heat  units 
into  power;  lower  maintenance  costs,  because  electric  loco- 
motives require  less  repairs  than  steam  locomotives  of  equal 
capacity :  and  increased  serviceable  locomotive  hours,  because 
the  electric  locomotives  can  be  used  more  continuously  and 
require  less  terminal  attention  between  trips. 

Besides  these  strictly  operating  features  there  are  impor- 
tant social  advantages.  These  appeal  particularly  to  the  gen- 
eral public.  The  elimination  of  smoke  makes  traveling  more 
comfortable  and  adds  to  the  value  of  nearby  property.  Elec- 
tric traction  has  made  possible  the  remarkable  developmen+ 
of  the  property  surrounding  and  the  track  approaches  to 
the  Grand  Central  Terminal.  Electrification  of  the  lines 
radiating  from  Boston,  as  a  single  example,  would  be  of  im- 
mense value  to  the  community  by  abating  the  smoke  nuis- 
ance, reducing  noise,  adding  to  terminal  capacity,  and  in- 
creasing property  values.  Without  electricity  as  motive 
power  it  would  be  impracticable  to  operate  trains  through 
tunnels  such  as  those  in  New  York  City,  Baltimore  and  De- 
troit, the  Hoosac  Tunnel  of  the  Boston  &  Maine,  the  Cas- 
cade Tunnel  of  the  Great  Northern  and  others  that  might 
be  named.  The  electrification  of  the  mountain  grades  of  the 
St.  Paul  and  Norfolk  &  Western  roads  has  made  heavier 
trains  possible,  has,  by  regenerative  braking,  reduced  the 
risk  of  handling  heavy  trains  on  descending  grades  and  has 
increased  road  capacity. 

Problem  One  of  Finance 

Practically  all  of  the  electrical  installations  on  trunk  lines 
have  been  designed  to  meet  special  operating  conditions, 
such  as  tunnels  or  city  terminals.  No  large  railroad  has 
been  completely  electrified.  There  is  an  absence  of  data 
that  can  be  used  in  studies  of  complete  electrification.  Rail- 
road executives  therefore  will  be  much  interested  in  the 
Superpower  Survey,  hoping  that  it  may  contain  information 
that  can  be  applied  to  their  local  conditions.  The  typical 
railroad  executive  recognizes  the  advantages  of  electrical  op- 
eration. He  knows  that  it  will  eventually  displace  steam, 
at  least  on  lines  of  heavy  traffic  and  in  congested  terminals. 
For  his  own  line  under  these  conditions  he  would  welcome  the 
advent  of  electricity  if  a  fairy  godmother  would  provide  the 
capital  funds  and  make  it  possible  to  earn  the  additional 
carrying  charges.  The  problem  is  not  one  of  engineering. 
It  is  essentially  one  of  finance. 

If  the  estimates  of  the  Superpower  Survey  engineers  as  to 
savings  in  expenses  and  return  on  capital  investment  could 
In-  accepted  without  reservation  the  financial  problem  would 
be  easier  of  solution.  Unfortunately,  however,  this  is  not 
the  case.  The  figures  are  subject  to  material  qualification. 
There   is  evidence  of  an  inclination  to  go  out  of  bounds  in 


making  a  case  in  favor  of  electricity  and  against  steam. 
The  zeal  of  the  electrical  engineer,  who  is  firmly  convinced 
as  to  the  general  soundness  of  his  conclusions,  is  only  nat- 
ural but  the  report  would  carry  much  greater  weight  if  it 
were  less  biased. 

For  example,  in  the  item  of  fuel  the  electrical  engineers 
have  assumed  that  a  steam  locomotive  requires  7%  lb.  of 
fuel  for  each  kilowatt-hour  of  work  at  the  rim  of  the  drivers. 
Against  this  they  set  an  estimate  of  2  lb.  under  electrical 
operation.  From  these  data  it  is  assumed  that  electrifica- 
tion will  save  two-thirds  of  the  fuel  bill. 

It  should  be  noted,  however,  that  the  estimate  for  the 
steam  locomotive  is  based  on  experiments  made  11  years  ago 
on  the  St.  Paul,  with  a  type  of  locomotive  now  considered 
as  practically  obsolete.  It  was  not  as  powerful  as  the  typi- 
cal locomotive  of  today,  nor  was  it  equipped  with  other  de- 
vices now  common  on  modern  locomotives.  A  comparative  test 
with  the  heavier  locomotive  of  today,  equipped  with  modern 
appliances  for  economizing  in  fuel,  would  give  far  different 
results.  The  estimate  for  fuel  consumption  under  electrical 
operation  was  based  on  the  performance  of  a  powerplant  of 
modern  design. 

Fuel  Saving  About  One-Third 

It  is  interesting  to  compare  this  theoretical  saving  of  two- 
thirds  of  the  fuel  with  the  actual  figures  for  the  Norfolk  & 
Western.  In  discussing  the  subject  before  a  joint  meeting  of 
the  societies  of  Electrical  and  Mechanical  Engineers  at  New 
York  City  in  October,  1920,  the  chief  electrical  engineer  of 
that  road  stated  that  a  comparison  of  fuel  consumption  on 
the  electrified  divisions  with  tests  made  with  modernized 
Mallet  type  locomotives  under  similar  conditions  indicated 
that  the  saving  in  fuel  by  electrical  operation  was  29.3  per 
cent.  This  is  less  than  one-third.  If  the  Superpower  Survey 
engineers  had  assumed  a  saving  of  one-third  instead  of  two- 
thirds,  the  former  is  closer  to  the  facts,  the  estimated  fuel 
savings  would  be  cut  in  two.  A  tendency  to  favor  electrifica- 
tion is  shown  also  in  other  items,  such  as  in  the  allowance 
for  steam  locomotives  released. 

As  has  already  been  stated,  the  problem  is  essentially  one 
of  finance.  In  the  case  of  a  railroad  that  has  an  investment 
in  road  and  equipment  of,  say,  $100,000  per  mile,  something 
more  than  a  questionable  return  of  14  per  cent  is  needed  to 
induce  recommendations  for  an  investment,  of,  say,  $40,000 
more  per  mile  for  electrification.  On  every  hand  there  are 
needs  for  additional  investments  of  other  kinds  that  without 
question  will  yield  more  than  14  per  cent. 

Change  Will  Come  Piecemeal 

The  Superpower  Survey  will  probably  stimulate  further 
discussion  of  railroad  electrification.  Notwithstanding  the 
defect  that  has  been  mentioned,  the  report  is  constructive  and  ^ 
should  be  regarded  as  a  valuable  contribution  to  engineer- 
ing and  economic  literature.  When  the  railroads  are  again 
on  their  feet  there  will  probably  be  further  extensions  of 
electrification  where  the  conditions  are  most  favorable. 

It  is  improbable,  however,  that  electrification  on  any  such 
scale  as  is  recommended  by  the  report  will  be  attempted.  It 
will  come  piecemeal  and  gradually.  The  electrical  engineers 
still  have  much  to  learn.  The  electric  locomotive  is  still  in 
the  experimental  stage.  It  is  likely  to  undergo  many  changes 
in  design  and  the  experts  have  yet  to  agree  on  important 
fundamentals.  While  the  electrical  engineers  are  fighting 
among  themselves  the  battle  of  alternating  versus  direct 
current  and  overhead  construction  versus  third  rail'  the  me- 
chanical engineers  are  unwilling  to  allow  their  electrical 
colleagues  to  stage  the  obsequies  for  the  steam  locomotive  at 
the  present  time. — Prof.  W.  J.  Cunningham  in  Neiv  York 
Evening  Post, 
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Continuous  Die  Rolling 


By  (i.  H.  Norton 


V\m  \i    Mil  ping  Paper 


Illustrated  with  Photographs 


THE  process  of  continuous  die  rolling  and  the  prod- 
ucts possible  with  this  method  of  manufacture  are 
described  and  illustrated.  The  improvements  that  have 
been  made  were  the  result  of  efforts  to  produce  more 
complicated  sections  by  this  process,  with  greater  ac- 
curacy, and  these  are  discussed  at  some  length. 

The  physical  characteristics  of  steel  that  must  be 
considered  are  commented  upon  and  forming  thai  is 
Cted  in  one  pass  is  described,  consideration  being 
given  the  requirements  of  rolled  forging  blanks. 

The  cost  of  operation  is  treated  and  the  equipment 
used  is  discussed,  shewing  how  this  process  differs  from 
other  methods  of  making  the  same  things,  as  to  both 
the  operations  necessary  and  the  character  of  the 
product. 

CONTINUOUS  die  rolling  is  the  process  of  pro- 
ducing bars  in  which  the  form  of  cross-section 
is  varied  according  to  impressions  sunk  in  the 
pair  of  rolls  between  which  the  final  pass  is  made. 
At  each  revolution  of  the  rolls  the  design  cut  in  then- 
surfaces  is  repeated  on  the  bar  passing  between  them, 
and  the  number  of  these  repetitions  is  limited  only  by 
the  length  of  the  bar  as  is  shown  in  Fig.  1. 


Fig.   1 — Tik  Rods  Produced  bv  tiik  Contini  lino 

Process  as  Tmev  Are  Delivered  from  the  R 

Wagon-box  straps  and  axle-clip  sections  have  been 
produced  in  this  manner  for  years.  In  these  bars,  a 
round  alternates  with  a  half-oval  or  bevel-edged  flat 
and  the  change  in  section  is  accomplished  by  passing 
a  round  bar  between  the  rolls,  allowing  the  bar  to 
for  a  certain  distance  without  change,  after  which 
it  is  flattened  and  spread  for  the  desired  length  of 
this  part.  The  number  of  round  and  flat  sections  pro- 
duced at  each  revolution  will,  of  course,  depend  on  their 
lengths  and  the  diameters  of  the  rolls. 

In  rolling  sections  of  this  character  it  is  not  necessary 
that  impressions  be 'formed  in  both  rolls,  because  the 
round  has  been  produced  by  straight  rolling  and  it  is  only 
necessary  to  change  its  shape;  so,  one  roll  can  have  a 

■Steel  works  manager.  Wltherow  Steel  Co.,  Pittstmrt'li 


plain  surface  with  the  impression  cut  in  its  mate.  This 
usually  results  iii  a  slight  flattening  of  the  round,  which 
would  be  objectionable  if  great  accuracy  of  size  were  re- 
quired. The  bars  become  oversized  as  the  rolls  wear  in 
service  and,  if  dressing  is  done  by  turning  off  the  sur- 
faces of  the  rolls  and  recutting  the  impressions,  a  loss 
in  circumferential  length  results  which  changes  the 
lengths  of  the  impressions. 

Improvements  in  the  Art 

Continuous  die  rolling  as  developed  by  the  Witherow 
Steel  Co.  has  as  its  basis  the  production  of  more  com- 
plicated sections  with  greater  accuracy.  This  is  accom- 
plished by  building  up  the  active  surfaces  of  the  rolls, 
instead  of  sinking  impressions  in  the  ordinary  roll  cast- 
ing. Cast  or  forged  rings  of  material  suitable  to  the 
character  of  the  section  to  be  rolled  are  cut  into  segments 
in  the  outer  surfaces  of  which  complete  impressions  or 
parts  of  impressions  are  sunk,  and  the  rings  are  as- 
sembled on  mandrels  to  which  they  are  locked.  This 
segmental  construction,  or  building  up  the  groove,  in- 
volves but  little  material  as  compared  with  a  solid  roll, 
and  provides  for  easy  and  inexpensive  dressings,  repairs 
or  changes.  Wear  on  these  rolls  can  be  compensated  for 
in  various  ways  and  the  length  of  any  impression  held 
constant. 

To  produce  sections  symmetrical  about  their  longi- 
tudinal axes,  followed  by  other  sections  that  may  be 
offset,  it  is  necessary  to  provide  for  the  exact  matching 
of  the  opposing  rolls.  This  is  done  by  mounting  pinions 
on  the  rolls  opposite  the  driven  side.  As  only  one  roll 
is  driven  from  the  roll  train  and  always  in  the  same 
direction,' these  pinions  are  used  to  match  the  rolls 
exactly  and  are  provided  with  adjusting  devices  for  this 
purpose.  Once  the  rolls  are  properly  matched,  there  is 
no  variation  in  the  alignment  of  the  impressions.  It 
can  be  seen  easily  that,  to  handle  this  class  of  work 
economically,  considerably  more  equipment  than  one  fin- 
ishing stand  of  rolls  is  necessary.  The  leader  or  bat- 
on which  the  forming  pass  is  made  cannot  in  all  cases 
be  a  predetermined  shape,  and  must  be  found  by  trial. 
Frequently,  leaders  are  made  that  do  not  conform  to  any 
standard  commercial  shapes  and  would,  therefore,  be 
difficult  and  costly  to  obtain.  The  heating,  handling  and 
rolling  of  single  bars  would  operate  against  good  pro- 
duction and  increase  costs.  It  is  necessary,  therefore,  to 
work  from  billets  that  are  roughed-down  and  rolled  to 
the  desired  form  of  leader  according  to  usual  rolling 
practice,  and  finished  in  the  same  heat.  This  method  has 
a  considerable  advantage  metallurgically,  because  the 
billets  are  brought  slowly  from  atmospheric  to  rolling 
temperature  in  continuous  furnaces  and  can  be  timed  to 
take  the  last  pass  at  the  proper  finishing  temperatures. 
The  metal  is  worked  uniformly  and  completely  in  one 
direction  and  its  flow,  as  exhibited  by  studies  of  the 
macrostructure,  is  more  uniform  than  in  forging. 

It  should  be  understood  clearly  that  continuous  die 
rolling  bears  no  relation  to  the  forming  of  variable-section 
bars  on  forging  or  eccentric  rolls,  where  the  stock  is  cut 
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of  work  done,  independently  of  the  method.  By  the 
amount  of  work  done  is  meant  the  reduction  of  area 
from  the  original  to  the  finished  section,  and  the  ratio 
of  the  original  area  to  the  worked  area  is  called  the  co- 
efficient of  work. 

To  demonstrate  the  relative  values  of  different  proc- 
esses, the  amount  of  work  done  being  the  same,  a  2-in. 
round  billet  of  0.45  per  cent  carbon  open-hearth  steel 
was  rolled  into  a  rear-axle  drive-shaft  having  maximum 
diameters  of  1-9/16  in.  at  the  wheel  and  spline  ends  and 
a  minimum  diameter  of  1-3/16  in.  at  the  end  of  the  long 
taper  next  to  the  spline  end.  From  the  same  billet, 
duplicates  of  this  shaft  were  forged  and  a  bar  was  rolled 
1-3  16  in.  in  diameter  on  which  upsets,  1-9/16  in.  in 
diameter  were  made,  the  lengths  of  the  upset  being  the 
same  as  those  of  the  rolled  and  forged  shafts.  The  reduc- 
tion of  area  from  the  billet  to  the  smallest  diameter  of 
the  shaft  was  64.75  per  cent,   or  a  coefficient  of  work 

of  2.84. 

Charpy  impact-tests  were  taken  on  the  axes  of  the 
shafts  at  the  point  of  junction  between  the  long  taper 
and   the   spline   end,   and   an   examination   made   of   the 


PHOTOMICROGRAPH    MAGNIFIED    100    DIAMETERS    OF    AN 

Untreated  Rolled  Shaft 

to  the  desired  weight  and  each  piece  is  handled  individu- 
ally, a  large  number  of  passes  being  made  and  the  stock 
rotated  90  deg.  at  each  pass. 

Physical  Characteristics 

Generally,  it  is  held  that  hammering   has   a   refining 

effect  on  steel  and  is  a  much  superior  method  to  rolling. 

Charpy   showed    by    experiment   and   tests   that   certain 

physical  properties  are  varied  according  to  the  amount 


Fig.  4 — 


Microstructure  Magnified  to  100  Diameters  of  an 
Untreated  Forged  Shaft 


microfracture  and  macrostructure.  A  second  set  of 
shafts  duplicating  the  first  was  heated  to  840  deg.  cent. 
(1544  deg.  fahr.),  held  15  min.,  quenched  m  oil  and  the 
impact  tests  and  microscopic  examinations  repeated. 
Table   1   shows  the  result   of  these  tests  and   indicates 


TABLE    1— CHARPY   IMPACT-TESTS 


Fig.  3-— Photograph  Magnified  to  Two  Diameters  Of  the 
Macrostructure  of  a  Rolled  Shaft 


Test  Made  on 
Rolled  Shaft,  Untreated 
Forged  Shaft,  Untreated 
Upset  Shaft,  Untreated 
Rolled    Shaft,   Treated 
Forged  Shaft,  Treated 
Upset  Shaft,  Treated 


Energy 

Absorbed, 

ft-lb. 

13.59 
6.32 
4.85 
18.06 
14.08 
10.83 


Increase  by 

Strength,  Treatment, 

per  cent  per  cent 

100.0  

46.5  

35  7  ....*. 

lbo'.O  '32.9 

77.8  123.0 

60.0  123.2 
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that  the  method  of  working  is  a  factor  to  be  considered 
seriously  in  connection  with  the  physical  properties  o4 
steel. 

FigS,  2  to  7  show  a  smoother  anil  mure  uniform  Row 
of  metal  in  the  rolled  specimens  than  the  others  and  a 
better  refinement  of  grain-size  before  treatment.  This 
i~  due  to  the  fact  that  continuous  die  rolling  is  a  con- 
tinuous process  of  working  rather  than  discontinuous  as 
in  forging,  upsetting  or  eccentric  rolling. 

Forming  Effected  in  One  Pass 

In  continuous  die  rolling,  it  is  not  possible  to  make 
successive  forming  passes  to  give  a  product  like  that 
illustrated  in  Fig.  8  because  of  the  difficulty  in  entering 
a  partially  formed  bar  at  exactly  the  right  point  in  the 
impressions  in  the  rolls;  so,  the  entire  forming  must  lie 
accomplished  in  one  pass.  When  very  great  reductions 
id'  area   are  necessary,   some  Hash  or  overfill   will   occur 


Photograph  Magnified  to  Two  Diameters  or  the 
Macrostructuhb  of  a  Forged  Shaft 

as  is  shown  in  Fig.  9.  The  bar  will  be  extruded  between 
the  rolls  to  a  considerable  extent  but,  at  some  point, 
depending  upon  the  character  of  the  section,  the  volume 
displacement  cannot  be  carried  further  in  the  impres- 
sions and  the  rolls  spring  apart,  relieving  the  grooves 
and  allowing  a  portion  of  the  metal  to  spread  between 
the  faces  of  the  rolls.  This  flash  can  be  controlled  to 
some  extent  and  may  vary  in  thickness  from  1  ',2  to  '  . 
in.  As  the  bar  does  not  rotate  in  the  pass,  any  flash 
produced  is  straight  and  can  be  removed  easily  by  trim- 
ming, giving  the  result  illustrated  in  Fig.  10. 

It  has  been  found  that  the  sectional  forms  into  which 
bars  are  changed  materially  affect  the  amount  of  flash 
and  extrusion  that  takes  place,  and  no  rule  has  been 
found  to  govern  all  cases.  However,  because  the  rolling 
is  in  effect  reducing  or  drawing  with  but  little  spreading 
action,  the  flash  will  always  be  considerably  less  than 
would  be  produced  on  the  same  piece  under  a  hammer 
and,  consequently,  the  wastage  of  stock  is  less. 


mmmmi 


Pig.  6   -Photomicrograph   .Magnified  to  100  Diameters  of  an 
Upset  Shaft 

Rolled  Forging  Blanks 

Many  forgings  require  preliminary  operations,  such 
as  upsetting  or  drawing,  before  the  stock  is  in  such  form 
as  to  be  struck  easily  in  finishing  impressions  without 
excessive  w'aste  and  wear  on  dies.  Frequently,  so  much 
work  of  this  character  is  involved  that  two  tools  are 
necessary   to   complete   the   forging  and.   as  the  prelim- 


PlG,  7      Photograph  .Magnified  to  Two  Diameters  of  the 

M  ACROSTRUCTURE   OF  AN   UPSET   SHAFT 
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Fig.     S A    Bar    with    Round.     Square    and    Hexagonal    Cross- 

Sections  and  Bosses  Produced  by  the  Continuous   Die  Rolling 

Process 

inary  and  finishing  operations  are  not  balanced  exactly, 
and  in  many  cases  cannot  be  completed  in  one  heat, 
time  is  lost  and  much  expense  is  incurred.  Continuous 
die  rolling  provides  a  means  of  supplying  blanks  for 
forging  that  can  be  struck  directly  in  the  finishing 
impressions  in  the  dies,  or  struck  after  one  or  two 
edging  blows  if  offsets  or  bends  are  required  to  be  made. 
A  properly  designed  blank  can  be  reproduced  with  great 
accuracy,  eliminating  the  forging  scrap  caused  by  blanks 
made  improperly  under  the  hammer. 

Front-axle  I-beam  blanks,  Fig.  11,  that  can  be  finished 
under  one  hammer  for  either  the  Elliott  or  reversed- 
Elliott  type  of  axle,  can  be  rolled.  Blanks  for  camshafts, 
ready  to  strike  for  finishing,  can  be  rolled,  thus  elim- 
inating the  blocking  or  upsetting  operations  and  the 
rolling-in  dies  immediately  preceding  forging.  Spring- 
clips  can  be  rolled  with  the  offsets  for  bending  exactly 
as  forged.  A  small  amount  of  flash  is  produced,  which 
requires  cold-trimming  before  the  clips  are  bent.  Rear- 
axle  drive-shafts  can  be  rol'ed  and,  after  trimming,  are 
ready  for  hardening  and  machining. 

The  product  of  continuous  die  rolling  is  received  from 
the  mill  in  the  form  of  long  bars,  in  lengths  that  are 
multiples  of  the  lengths  of  the  individual  pieces.     The 


pIG.   9 Photograph   of  a   Rear-Axle   Shaft  as    Rolled   Showing 

the  Flash  Produced  in  the  Process  in  the  Lower  Portion  While 

the  Small  Insert  Is  a  Cross-Section  of  the  Shaft  Showing  the 

Relative  Proportions  of  the  Shaft  and  the  Plash 

length  of  these  bars  will  depend  upon  the  weight  of  billet 
used.  After  cooling,  they  are  cut  into  ordinary  mill 
lengths  or  into  single  pieces.  After  this,  trimming  or 
any  finishing  operations  can  be  performed. 

Cost  of  Operation 

Quantity  is  obviously  essential  to  the  economy  of 
operation,  because  the  expense  of  cutting  rolls  and  set- 
ting up  a  mill  could  not  well  be  carried  by  a  few  pieces. 
The  cost  of  this  type  of  conversion  naturally  must  be 
greater  than  ordinary  conversion  from  billets  to  bars, 
for  this  work  is  necessary  as  a  preliminary  to  the  final 
die  forming;  also,  to  the  bar-conversion  cost  must  be 
added  the  costs  of  the  die  rolls  and  their  maintenance, 
special  forms  of  guides  for  delivery  and  adjusting  gears 
for  matching  rolls.    Production  is  decreased  also,  because 


of  the  necessity  for  lower  mill  speeds  than  are  usual  in 
rolling  practice. 

In  addition  to  working  out  the  patented  features  of 
roll  construction  and  mill  design,  a  long  and  costly 
series  of  experiments  was  necessary  before  continuous 
die-roiled  products  could  be  marketed  and  sufficient  data, 
collected  to  predict  with  reasonable  accuracy  the  perform- 
ance of  any  given  variable  section.  Conversion  is  made 
on  the  usual  basis  of  1  gross  ton  of  billets  to  1  net  ton 
of  bars,  the  bar  weight  including  any  flash  or  gates 
between  impressions  of  course. 

Equipment  Used 

The  size  and  length  of  pieces  produced  by  continuous 
die  rolling  are  limited  only  by  the  capacity  of  the  mill 
and  the  diameters  of  rolls  that  can  be  accommodated  in 


Fig.   10 — The  Rear-Axle  Shaft  Shown  in  Fig    :i  After  Trimming 

the  housings.  The  equipment  operated  by  the  Witherow 
Steel  Co.  covers  sections  from  5/16  in.  in  diameter  to 
3-in.  squares;  and  the  lengths  of  individual  impressions 
may  vary  from  a  fraction  of  an  inch  to  17%  ft.,  rolls 
68  in.  in  diameter  being  necessary  for  this  length.  The 
application  of  the  product  of  this  process  is  largely  a 
matter  of  the  study  of  local  conditions  in  any  manufac- 
turing plant,  but  the  automotive  industry  generally  offers 
a  wide  field  for  its  consumption  by  reason  of  its  quantity- 
production  requirements  and  the  large  number  of  forg- 
ings  used. 

No  attempt  has  been  made  to  do  more  than  describe, 
without  much  detail,  the  operations  and  equipment  used 
to  manufacture  by  continuous  die  rolling,  and  to  show 
how  it  differs  from  other  methods  of  making  the  same 
things,  as  to  both  the  operations  necessary  and  the 
character  of  the  product.  From  its  beginning,  the  prac- 
tice of  rolling  has  been  improved  only  along  the  lines 
of  increasing  the  tonnage  capacity  of  mills,  without  much 
effort  to  depart  from  the  manufacture  of  standard  rolled 
shapes  and  bars  of  constant  area  and  form  of  section ; 
so,  the  development  of  continuous  die  rolling  on  a  com- 
mercial basis  for  the  production  of  variable-section  bars 
is  something  new  in  an  industry  in  which  few  radical 
changes  have  taken  place. 


Fig.   11 — A  Front  Axlf  of  I-Beam   Section   Showing  the  Bosses 

and  the  Flash 

This  Was   a   Difficult   Rolling   Problem   on  Account   of  the    Marked 

Changes  in  the  Cross-Sectional  Area 
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Chrome-Molybdenum-Steel  Applications 
from  the  Consumer's  Viewpoint 


By  C.N.  Dawe1 


Annual  Meeting  Papeb 


Illustrated  with  Chabts 


THIS  paper  gives  a  plain  statement  of  facts  regard- 
ing the  application  of  chrome-molybdenum  steels, 
as  noted  by  a  large  manufacturer  of  automobiles,  more 
than  2000  tons  of  molybdenum  steels  of  various  com- 
positions having  been  consumed  in  tests  and  the  manu- 
facture of  all  the  important  steel  parts  such  as  trans- 
mission and  differential  gears,  rear-axle  shafts,  trans- 
mission shafts,  steering-knuckles,  steering-knuckle  pins, 
and  the  like.  The  data  of  an  extensive  set  of  physical 
arc  given,  comparing  medium-carbon,  chrome- 
molybdenum,  chrome-vanadium,  chrome-nickel  and 
chrome  steels,  and  the  results  are  expressed  by  means 
of  a  merit  index,  taking  into  consideration  yield-point, 
ultimate-strength,  elongation  and  reduction  of  area. 

The  case-hardening  grades  of  steel  are  discussed, 
difficulties  that  were  encountered  in  the  use  of  the  low- 
carbon  chrome-molybdenum  steel  in  this  connection  be- 
ing specified.  The  possibilities  of  nickel-molybdenum 
steei  for  case-hardening  purposes  are  considered,  the 
results  so  far  indicating  that  it  is  a  strong  rival  of  low 
chrome-nickel  steel,  which  is  considered  the  best  steel 
for  commercial  case-hardening  at  present. 

IN  venturing  to  cover  this  pertinent  subject  it  should 
be  stated  that  there  are  so  many  more  data  yet  to  be 
obtained  that  it  is  impossible,  at  this  time,  to  make 
a  definite  statement  that  fully  covers  the  situation  with 
regard  to  the  application  of  commercial  chrome-molyb- 
denum steels.  Such  propaganda  has  been  spread  with 
reference  to  these  steels  and  so  much  has  been  written 
regarding  the  history,  possibilities,  sources  of  supply  and 
physical  properties  obtained,  that  there  are  many  con- 
sumers as  well  as  manufacturers  who  are  looking  on  in  a 
doubtful  yet  open  frame  of  mind,  desiring  to  gain  fur- 
ther information,  particularly  with  reference  to  appli- 
cation. It  is  with  this  in  mind  that  I  present  some  actual 
data  with  reference  to  commercial  molybdenum  steel 
noted  from  the  viewpoint  of  a  large  consumer  and  not 
that  of  a  fabricator  or  salesman.  I  say  from  the  view- 
point of  a  consumer  because,  at  times,  the  fabricator  or 
steel  manufacturer  seemingly  has  the  weird  knack  of  al- 
ways obtaining  the  maximum  physical  properties  from 
a  material  he  wishes  to  promote,  and  the  promoter  often 
speaks  in  even  higher  terms.  However,  we  as  consumers 
attempt  to  strike  rock-bottom  and  note  what  the  material 
will  actually  do  under  production  requirements. 

Before  proceeding  too  far  with  the  presentation  of  the 
data  and  conclusions  drawn,  I  wish  to  emphasize  the  fact 
that  every  manufacturer  of  automobiles  and  automobile 
parts  has  his  own  peculiar  problems  and  that  frequently 
the  means  to  an  end  in  one  plant  is  not  applicable  in  an- 
other; therefore,  there  undoubtedly  will  be  some  criti- 
cism and  discussion  of  the  publication  of  the  informa- 
tion given  herein,  although  it  is  presented  from  a  strictly 
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neutral  attitude  and  with  no  idea  of  promoting  or  dis- 
couraging the  use  of  molybdenum  steels. 

An  attempt  is  made  to  give  the  results  of  the  tests 
made  and  the  observations  noted  in  as  practical  a  man- 
ner as  possible,  in  order  that  they  may  be  easily  under- 
standable and  thereby  prove  of  commercial  value.  A  the- 
oretical discussion  of  the  causes  of  the  manner  in  which 
molybdenum  steels  act  will  be  avoided,  since  this  phase 
already  has  been  well  covered  by  those  whose  opinions 
and  discussions  carry  much  more  weight  because  of  their 
many  years  of  experience  in  the  manufacture  and  applica- 
tion of  molybdenum  steels.  For  those  who  are  sufficiently 
interested,  it  is  recommended  that  the  recent  papers  of 
Dr.  John  A.  Mathews"  and  Dr.  G.  W.  Sargent1  be  read. 

Molybdenum-Steel  Usage 

The  Studebaker  Corporation  of  America  has  had  made 
and  shipped  to  its  plants  over  2000  tons  of  molybdenum 
steels  of  various  analyses.  This  steel  has  been  put 
through  production  in  the  form  of  rear-axle  shafts, 
transmission  gears  and  shafts,  steering-knuckles,  steer- 
ing-knuckle pins,  ring  gears  and  drive  pinions;  in  fact, 
all  parts  for  which  alloy-steel  is  specified.  Our  first  ef- 
forts were  to  determine  the  advisability  of  the  adoption 
of  that  class  of  chrome-molybdenum  steel  which  would  be 
adaptable  to  heat-treated  forgings  such  as  steering- 
knuckles,  steering-arms  and  rolled  axle-shafts,  water 
quenching  of  these  being  desired.  By  a  process  of  elim- 
ination it  became  clear  that  steel  containing  molybdenum 
approximating  0.30  to  0.40  per  cent,  with  chromium 
1.00  per  cent  and  carbon  above  0.30  per  cent,  should  be 
avoided  when  water  is  desired  as  the  quenching  medium 
and  where  cracker  shearing  is  used.  An  analysis  show- 
ing a  carbon-content  below  0.30  and  above  0.23  per  cent, 
with  a  chromium-content  of  0.70  to  0.90  per  cent  and 
molybdenum  0.30  to  0.40  per  cent,  gives  satisfactory  re- 
sults with  water  as  a  quenching  medium,  there  being  no 
cause  for  concern  pertaining  to  the  development  of 
quenching  cracks. 

As  a  rule,  our  first  interest  is  turned  toward  the 
physical  properties  of  a  steel  as  compared  to  those  with 
which  we  already  are  acquainted.  Having  this  in  mind, 
an  extensive  test  was  run  involving  the  pulling  of  ap- 
proximately 400  tension-pieces  turned  from  heat-treated 
stock  varying  in  size  from  "s-in.  round  to  2-in.  square. 
The  sizes  used  were  Ts,  1  and  1%-in.  rounds  and  2-in. 
squares.  The  three  smaller  sizes  were  obtained  by  forg- 
ing down  from  the  2-in.  square  hot-rolled  forging  bars. 
The  2-in.  square  test-pieces  were  taken  directly  from  the 
bar,  no  work  having  been  put  upon  them.  The  wide  heat- 
treating  range  of  a  given  steel  is  a  property  upon  which 
great  stress  always  seems  to  be  laid  but,  in  our  tests,  no 
attempt  has  been  made  to  determine  this.  In  this  pres- 
ent day  of  accurate  metallurgical  control  we  do  not  need 
a  100  to  200-deg.  quenching  range.  What  we  as  con- 
sumers are  mostly  interested  in  is  to  determine  the  low- 
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TABLE   2 — RESULTS    OF    TESTS   OF    %-IN.   HOUNDS 

Reduc- 

Yield-Point as 

Ultimate- 

Elongation 

tion 

Number 

Temperature,  deg.  fahr. 

Elastic-Limit, 

Strength, 

in  2  In., 

of  Area, 

of  Tests 

Merit 

Grade  of  Steel 

Quenching 

Drawing 

lb.  per  sq.  in. 

lb.  per  sq.  in. 

per  cent 

per  cent 

Made 

Index 

Chrome   Molybdenum 

1,550  to  1,650 

1,000 

146,850 

158,530 

21.2 

55.6 

9 

72.8 

Chrome   Vanadium 

1,550  to  1,650 

1,000 

148,900 

157,770 

19.4 

54.6 

9 

65.5 

Chrome 

1,550  to  1,650 

1,000 

124,637 

140,124 

16.9 

58.1 

9 

53.4 

Chrome  Nickel 

1,475  to  1,575 

1,000 

119,861 

135,164 

18.5 

59.5 

9 

58.2 

Chrome  Molybdenum 

1,550  to  1,650 

1,100 

122,733 

136,966 

22.5 

60.7 

9 

74.3 

Chrome  Vanadium 

1,550  to  1,650 

1,100 

127,570 

140,030 

22.7 

57.5 

9 

71.5 

Chrome 

1,550  to  1,650 

1,100 

104,911 

121,108 

20.5 

64.0 

9 

64.3 

Chrome  Nickel 

1,475  to  1,575 

1,100 

107,266 

122,888 

20.5 

62.8 

9 

63.4 

Chrome  Molybdenum 

1,550  to  1,650 

1,200 

100,980 

118,900 

26.5 

68.4 

9 

92.2 

Chrome  Vanadium 

1,550  to  1,650 

1,200 

119,000 

131.983 

23.6 

60.6 

9 

75.2 

Chrome 

1,550  to  1.650 

1,200 

97,111 

113,699 

21.7 

64.8 

9 

65.0 

Chrome  Nickel 

1,475  to  1,575 

1,200 

94,804 

111,800 

21.7 

65.0 

9 

64.0 

est  quenching-temperature  that  can  be  used  commercially 
and  still  obtain  the  maximum  physical-properties.  With 
this  in  mind,  quenching  temperatures  ranging  from  1550 
to  1650  deg.  fahr.  were  used  in  the  case  of  the  chrome- 
molybdenum,  chrome-vanadium  and  chrome  steels,  while 
1475  to  1575  deg.  fahr.  were  used  with  the  chrome-nickel 
steel. 

Methods  of  Testing 

To  obtain  results  as  nearly  accurate  commercially  as 
possible,  each  group  of  test-pieces  was  quenched  from  a 
production  furnace  in  the  same  manner  as  small  forg- 


TABLE     1 — CHEMICAL     ANALYSIS     OF     VARIOUS     TYPES     OF 
STEELS   TESTED 


Chrome 


Chrome        Chro-    Chrome 


Molybdenum    Vanadium      mium     Nickel 


Carbon 

0.260 

0.320 

0.310 

0.280 

Manganese 

0.570 

0.750 

0.850 

0.720 

Sulphur 

0.020 

0.033 

0.012 

0.012 

Phosphorus 

0.025 

0.025 

0.020 

0.020 

Chromium 

0.800 

1.030 

0.910 

0.580 

Molybdenum 

0.360 

Vanadium 

0.160 

Nickel 

1.270 

ings  would  be  handled  in  receiving  similar  treatment. 
The  drawing  operations  were  carried  on  in  a  laboratory 
electric  furnace  so  that  the  effect  of  the  drawing  tem- 
perature would  be  defined  sharply.  The  physical  prop- 
erties we  obtained,  true  to  our  expectations,  showed  oc- 
casional variations  which  were  to  our  dislike,  but  were 
fairly  evenly  distributed  over  the  four  types  of  steel.  In 
this  connection,  in  nearly  all  cases,  in  publishing  the 
physical  properties  of  a  given  steel  there  is  such  an  exact 
uniformity  of  the  superiority  of  one  steel  over  another, 
or  such  an  exact  uniformity  in  the  variations  of  the  elas- 
tic-limit and  ultimate-strength  with  respect  to  the  elon- 
gation   and    reduction    of    area    under    different    treat- 


ments, that  it  is  apt  to  throw  an  element  of  doubt  into 
the  mind  of  one  who  can  appreciate  the  very  peculiar 
and  pronounced  variations  that  do  exist  under  the 
most  accurate  handling  of  test-pieces.  The  ultimate  find- 
ings of  the  tests  given  herewith,  however,  were  derived 
from  a  very  broad  average  of  results,  including  good  and 
bad  which  we  must  admit  is  the  proper  way  to  form  con- 
clusions on  a  problem  of  this  kind.  The  chemical  an- 
alyses of  the  various  types  of  steel  tested  are  shown  in 
Table  1. 

Quenching  and  Drawing  Temperatures 

As  has  been  stated,  three  quenching  temperatures  were 
used  for  each  type  of  steel  for  each  size,  except  for  the 
2-in.  square  as  noted.  Also,  three  drawing  temperatures 
were  used  for  each  quench  for  each  size,  1000,  1100  and 
1200  deg.  fahr. ;  that  is,  nine  pieces  of  %-iri.  round  stock 
were  quenched  from  a  given  quenching  temperature  and 
three  were  drawn  at  1000  deg.,  three  at  1100  deg.,  three 
at  1200  deg.  fahr.,  and  so  on  through  the  series.  The 
results  obtained,  as  shown  by  averages,  are  given  in 
Tables  2,  3,  4  and  5. 

Generally  speaking,  in  performing  tests  of  the  above 
nature  where  we  desire  to  note  a  comparison  of  the 
physical  properties  of  certain  steels  in  terms  of  the 
elastic-limit,  ultimate-strength,  reduction  of  area  and 
percentage  of  elongation,  sometimes  we  are  confused  be- 
cause of  the  variations  we  obtain,  and  because  it  is  prac- 
tically impossible,  over  a  large  number  of  test-pieces,  to 
hold  any  one  or  two  factors  constant  so  as  to  note  the 
variation  in  the  remaining  factors.  If  we  could  heat- 
treat  the  test-pieces  so  that  the  elastic-limit  would  be  the 
same  in  all,  the  variation  in  the  other  three  remaining 
factors  would  tell  the  story.  After  having  made  hun- 
dreds of  tests,  the  question  then  presents  itself  as  to  how 
best  to  interpret  the  results  obtained.  Without  entering 
into  any  discussion  on  this  point,  I  take  the  liberty  of 
using  the  merit  index  suggested  by  H.  T.  Chandler,  and 


TABLE   3 — RESULTS  OF   TESTS   OF 

1-IN.  ROUNDS 

Reduc- 

Yield-Point as 

Ultimate- 

Elongation 

tion 

Numbei 

Temperature,  deg.  fahr. 

Elastic-Limit, 

Strength, 

in  2  In., 

of  Area, 

of  Tests 

Merit 

Grade  of  Steel 

Quenching 

Drawing 

lb.  per  sq.  in. 

lb.  per  sq.  in. 

per  cent 

per  cent 

Made 

Index 

Chrome   Molybdenum 

1,550  to  1,650 

1,000 

153,880 

162,200 

19.4 

55.9 

9 

69.7 

Chrome    Vanadium 

1,550  to  1,650 

1,000 

147,750 

158,770 

19.8 

54.8 

9 

67.2 

Chrome 

1,550  to  1,650 

1,000 

124,872 

138,066 

17.0 

57.9 

9 

53.1 

Chrome  Nickel 

1,475  to  1,575 

1,000 

120,860 

136,086 

18.1 

59.9 

9 

58.0 

Chrome  Molybdenum 

1.550  to  1,650 

1,100 

112,400 

129,000 

24.7 

64.7 

9 

84.6 

Chrome    Vanadium 

1,550  to  1,650 

1,100 

127.100 

139,300 

2-AA 

58.3 

9 

74.8 

Chrome 

1,550  to  1,650 

1,100 

99,706 

116,526 

l'ii..; 

63.8 

9 

61.5 

Chrome  Nickel 

1,475  to  1,575 

1,100 

103,740 

121,330 

21.1 

63.6 

9 

65.2 

Chrome  Molybdenum 

1,550  to  1,650 

1,200 

99,330 

117,400 

27.1 

66.7 

9 

88.3 

Chrome    Vanadium 

1,550  to  1,650 

1,200 

101,950 

116,500 

26.9 

64.8 

9 

83.4 

Chrome 

1,550  to  1,650 

1,200 

96,390 

112,766 

21.9 

66.2 

9 

67.7 

Chrome  Nickel 

1,475  to  1,575 

1,200 

92,590 

111,013 

22.1 

65.5 

9 

65.2 
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TABLE   4 RESl 

1  '_•    IN.   BOUNDS 

Reduc- 

Yield-Point as 

Ultimate 

Elongation 

tion 

Numbet 

reraperature, 

deg.  fahr. 

Elastic-Limit, 

Strength, 

in  2  In., 

of  Area, 

of  Tests 

Merit 

Grade  of  Steel 

Quenching 

Drawing 

lb.  per  sq.  in. 

lb.  per  sq.  in. 

per  cent 

per  cenl 

Made 

Index 

Chrome   Molybdenum 

1,550  to  1,650 

1,0011 

147,900 

L57.600 

20.3 

57.0 

!) 

72.2 

Chrome  Vanadium 

1,550  to  i 

1,000 

129,800 

140,200 

20.9 

57.6 

9 

66.6 

Chrome 

L.560  to  1,6  10 

1,000 

101,370 

122,178 

18.1 

oo.s 

9 

51.6 

Chrome    Nickel 

1,475  to  1,676 

1,000 

1o:;,::i;ii 

123,030 

18.7 

61.1 

9 

54.1 

Chrome   Molybdenum 

1,550  to  1,650 

L.100 

118,500 

l:;  l/.ioo 

24.0 

64.4 

9 

84.3 

Chrome   Vanadium 

1,550  to  1,660 

l.ioo 

117,800 

134,900 

23.5 

61.0 

9 

76.1 

Chrome 

1,550  to  1,650 

1,100 

86,770 

109,710 

21.9 

65.0 

9 

61.1 

Chrome  Nickel 

1 ,476  to  1,575 

1.1011 

87,720 

110,492 

22.3 

65.5 

9 

64.0 

( Shrome  Molybdenum 

1,660  to  1,650 

1,200 

92,900 

112,400 

26.9 

68.8 

9 

88.7 

Chrome  Vanadium 

1.550  to  1,650 

1,200 

102,400 

118,500 

26.5 

67.0 

9 

ss.s 

Chrome 

1,550  to  1,650 

1,200 

78,250 

103,45.3 

23.7 

67.2 

9 

65.6 

Chrome   Nickel 

1,475  to  1,575 

1,200 

80,4 1  7 

10.3,577 

24.6 

67.8 

9 

70.3 

presented  in  a  paper  by  John  D.  Cutter,'  and  of  express- 
ing the  results  obtained  above  in  terms  of  the  equation 

/=[%e(£  +  S)    :    (100  —  /?) 
where 

/  =  the  merit  index 

the  percentage  of  elongation  in  2  in. 
E       the  elastic-limit  in  terms  of  1000  lb.  per  sq.  in.; 

in  the  tests  it  is  taken  as  the  yield-point 
R  =  the  percentage  of  reduction  in  area 
5  —  the    ultimate-strength    in    terms    of    1000    lb.    per 
sq.  in. 
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Fig.  2 — Curves  Showing  the  Relation  between  the  Average 
Merit  Index  and  the  Size  of  Section  Quenched 

The  results  are  noted  in  Tables  2,  3,  4  and  5,  while  a 
general  average  is  shown  by  the  curves  in  Figs.  1  and  2. 
The  above  data  or  tests  have  indicated  to  us  that  chrome- 
molybdenum  steel  for  heat-treated  automobile  parts  has 
considerable  merit.  In  view  of  the  fact  that  this  stee! 
apparently  can  be  produced  in  unlimited  quantities  with 
no  danger  of  shortage  of  molybdenum,  and  because  it  has 
been  produced  and  sold  at  a  lower  price  than  its  closest 
competitor,  chrome-vanadium  steel,  its  adoption  has  been 
sanctioned. 

With  reference  to  its  action  through  various  stages  of 


TABLE  5 — RESULTS  OF  TESTS 

>]■    2-IN.   SQUARES 

Reduc- 

Yield-Point as 

Ultimate- 

Elongation 

tion 

Numbei 

Temperature, 

deg.  fahr. 

Elastic-Limit, 

Strength, 

in  2  In., 

of  Area, 

of  Tests 

Merit 

Grade  of  Steel 

Quenching 

Drawing 

lb.  per  sq.  in. 

lb.  per  sq.  in. 

per  cent 

per  cent 

Made 

Index 

Chrome  Molybdenum 

1,550  to  1,600 

1,000 

108,500 

125,400 

27.6 

62.0 

2 

85.0 

Chrome    Vanadium 

1,550  to  1,600 

1,000 

104,400 

119,500 

24.2 

61.5 

2 

70.3 

Chrome 

1,550  to  1,600 

1, 

94,375 

113,050 

20.7 

61.3 

2 

55.4 

Chrome    Nickel 

1,475  to  1,575 

1. 

96,250 

119,690 

19.9 

62.5 

2 

57.9 

Chrome   Molybdenum 

1,550  to  1,600 

1,100 

100,500 

117,200 

25.4 

66.5 

2 

82.6 

Chrome  Vanadium 

1,550  to  1,600 

1,100 

112,800 

127,800 

24.3 

59.0 

2 

71.3 

Chrome 

1.550  to  1,600 

1,100 

83,750 

105,700 

21.8 

65.0 

2 

59.0 

Chrome  Nickel 

1,475  to  1,575 

1,100 

89,375 

111,350 

21.8 

65.0 

2 

62.5 

Chrome  Molybdenum 

1,550  to  1,600 

1,200 

78,800 

100,600 

29.0 

70.0 

2 

86.7 

Chrome  Vanadium 

1,550  to  1,600 

1,200 

107,500 

123,800 

23.4 

59.0 

2 

66.1 

Chrome 

1,550  to  1,600 

1,200 

77,875 

99,375 

24.2 

68.5 

2 

68.1 

Chrome    Nickel 

1,475  to  1,575 

1.200 

78,750 

102,900 

25.3 

68.7 

2 

73.4 
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production,  I  would  say  that  it  forges  entirely  satisfac- 
torily, with  the  particular  advantage  that  the  scale 
formed  breaks  away  from  the  forgings  very  easily.  With 
proper  composition  and  for  sizes  within  ordinary  limits, 
it  cold-shears  as  readily  as  the  other  grades  of  commer- 
cial alloy-steels.  It  responds  very  readily  to  the  heat- 
treating  operations,  the  percentage  of  forgings  falling 
outside  of  the  required  Brinell  hardnesses  being  very 
small. 

With  reference  to  its  machining  qualities,  no  figures 
can  be  given  to  corroborate  the  claims  that  have  been 
made  with  regard  to  the  reduction  of  tool  costs  and  the 
like.  In  tests  of  this  type,  there  is  always  doubt  as  to 
the  exact  uniformity  of  the  tools  performing  the  tests ; 
also,  the  results  obtained  are  very  likely  to  be  peculiar 
to  a  given  shop  and  not  be  applicable  universally.  How- 
ever, we  have  satisfied  ourselves  by  noting  the  machin- 
ability  of  the  tonnage  that  has  passed  through  our  shops 
that  chrome-molybdenum  steel  machines  at  least  as  well 
as  the  best  there  is.  We  have  not  heard  of  a  failure  of 
any  part  made  of  this  steel  out  of  the  50,000  cars  that 
have  thus  far  been  produced  since  its  adoption. 

Case-Hardening  Grades 

Approximately  90  per  cent  of  the  papers  and  informa- 
tion that  have  been  published  have  referred  to  the  forg- 
ing or  heat-treating  grades  of  molybdenum  steels  such 
as  are  covered  in  the  first  portion  of  this  treatise.  Very 
few  if  any  data  have  been  recorded  regarding  the  case- 
hardening  grades,  especially  from  the  viewpoint  of  the 
consumer.  Our  first  attention  was  to  note  whether  any 
of  the  various  grades  of  the  low-carbon  steels  could  be 
applied  to  case-hardened  gears,  knuckle-pins  and  shafts. 
The  Studebaker  Corporation  is  a  large  user  of  case- 
hardened  gears  and  must  demand  the  best  commercial 
grade  of  steel  for  the  purpose. 

The  chemical  composition  of  the  first  heat  experi- 
mented with  showed  carbon  0.130  per  cent,  manganese 
0.400  per  cent,  sulphur  0.025  per  cent,  phosphorus  0.016 
per  cent,  chromium  0.610  per  cent  and  molybdenum  0.350 
per  cent.  This  analysis  was  abandoned  for  the  reason 
that  such  high  temperatures  were  required  for  double 
heat-treatment  as  would  prove  commercially  imprac- 
ticable. Quenching  directly  from  the  carbonizing  box 
and  using  a  single  lower  heat  for  hardening  did  not 
produce  the  desired  results  as  regards  core  fracture. 

The  next  step  consisted  in  obtaining  a  higher-carbon 
steel  to  lower  the  quenching  temperatures  required  and 
to  find,  if  possible,  a  steel  that  would  give  the  desired 
results  by  a  single  quenching  temperature  after  carbon- 
izing. The  chemical  composition  of  the  heats  obtained 
ran  very  consistently  as  follows:  Carbon  0.190  per  cent, 
manganese  0.540  per  cent,  sulphur  0.010  per  cent,  phos- 
phorus 0.025  per  cent,  chromium  0.700  per  cent  and 
molybdenum  0.370  per  cent. 

The  first  tests  made  on  the  above  analysis  apparently 
warranted  an  extensive  trial  of  this  grade  and,  as  a  re- 
sult, steel  for  5000  cars  was  ordered.  Upon  getting  into 
production  with  this  material,  with  which  all  transmis- 
sion parts  and  rear-axle  gears  and  drive  pinions  were 
produced,  certain  peculiarities  were  noted  that  ordinarily 
could  not  be  observed  with  a  few  trial  test-pieces,  the 
principal  one  perhaps  being  the  fact  that  a  satisfactory 
core  fracture  could  not  be  obtained  regularly;  that  is, 
after  subjection  to  shock,  the  fracture  would  not  show 
what  is  commonly  called  toughness  but  have  a  crystalline 
or  granular  appearance.  This  condition  is  particularly 
objectionable  in  parts  that  are  subjected  to  a  straighten- 
ing operation  and  in  clash  gears.    A  further  investigation 


proved  that  to  obtain  much  better  results,  the  part  to  be 
heat-treated  had  to  be  subjected  to  prolonged  heating 
above  the  critical  temperature  of  the  core  to  bring  about 
the  proper  condition  before  quenching  and  the  lower 
heat  for  hardening  had  to  be  applied  as  quickly  as  pos- 
sible to  prevent  the  core  from  being  subjected  to  lengthy 
heating  at  the  lower  temperature.  This  can  be  expressed 
more  practically  by  stating  that  a  certain  gear,  when 
heated  for  exactly  3  min.  in  a  lead  pot  at  1425  deg.  fahr. 
and  then  quenched  in  oil  was  a  fairly  satisfactory 
product;  but,  if  held  4  min.  or  more  in  the  lead  pot  at 
the  same  temperature,  it  became  very  brittle.  This  pro- 
longed heating  necessary  above  the  critical  temperature 
indicates,  I  think,  a  sluggishness  peculiar  to  chrome- 
molybdenum  steels  and  may  account  for  the  higher 
drawing-temperature  permissible  in  the  forging  grades. 

Effects  of  Carbonizing  and  Hardening 

To  indicate  what  happens  in  many  cases  to  the  core 
of  this  grade  of  chrome-molybdenum  steel  when  sub- 
jected to  the  carbonizing  and  hardening  treatment,  Table 
6  gives  results  of  physical  tests  on  pieces  that  were  sub- 
jected to  all  of  the  heats  of  the  case-hardening  operations, 
they  having  been  packed  in  sand  for  the  carbonizing 
heat  instead  of  in  carbonizing  compound. 


TABLE    6 — RESULTS   OF    PHYSICAL   TESTS    OF    STEELS   AFTER 
■      CASE-HARDENING5 


How  Cooled 


E-   = 


1.J    EC 


.2.=- 

I*! 


z    -    ~ 


*>  H  SR 

32* 


Quenched  from 
Box  into  Oil 


Cooled  in  Box, 
1.650-deg.  Oil 


l,:;sn  ,i,..:  .1,1 


1,400  deg.  Oil 


,425  deg.  Oil 


1,425  deg.  Water 


57,625 
56,250 
57,750 
55,150 
7(1,250 
63,875 
77,625 
64,000 
75,800 
67,050 

(  80,000 
.  Vmiiiii 
1110.500 
1  97,500 


102,625 
101,250 
90,250 
92,650 
105,250 
108,875 
107,625 
109,000 
113,300 
109,550 

115.000 
120,000 
125,250 
118,000 


9.30 
17.20 
25.00 
21.90 
14.10 

6.25 


22.00 
33.75 
53.25 
46.25 
30.50 
4.00 


1120,000   136,000 


100,000 
107,500 
90.000 


110,750 
119,000 
129,000 


14.10 
7.80 
14.10 

12.50 
12.00 
12.40 
15.50 

7.00 

4.00 
4.00 
14.50 


22.50 
3.80 
27.50 

32.50 
31.00 


28.00 
Broke 
Outside 
Gage 
Marks 


26.00 


212 
317 
189 
228 
206 
228 
228 
241 
225 
228 

229 
23* 
252 
248 

285 

269 
248 
255 


5  All  test-pieces   %-in.  round  were  subjected  to  a  14-hr.  heat  at  a 
carburizing  temperature  of  1650  deg.  fahr. 


It  will  be  noted  that  a  very  peculiar  combination  of 
properties  is  obtained  and  we  naturally  are  inclined  to 
attribute  the  results  we  have  obtained  with  case-hardened 
parts  to  these  conditions.  These  properties  do  not  exist 
with  carbon-molybdenum,  nickel-molybdenum  or  chrome- 
nickel  steel  of  the  same  carbon-content.  As  to  chrome- 
vanadium  steel,  I  cannot  comment  upon  it  because  all  of 
this  type  that  has  been  experimented  with  contains 
approximately  0.11  per  cent  carbon. 

To  obtain  the  best  possible  results  with  the  case- 
hardened  parts  it  was  necessary,  therefore,  to  quench 
from  the  carbonizing  box  into  oil  and  follow  this  by  the 
regular  double  heat-treatment  and  a  final  draw  at  375  to 
400  deg.  fahr.,  timing  each  operation  as  carefully  as  pos- 
sible. There  are  two  particular  advantages  that  should 
be  noted,  however,  in  that  chrome-molybdenum  steel  will 
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THE  TRUTH  ABOUT  COMMERCIAL  AVIATION 


^,  HK  Section  and  Extension  meetings  thai  the  Societj 
been  furthering  on  Commercial  Aviation  have  met  with 
decided  Biiccess.  It  was  stated  in  announcing  these  meetings 
thai  an  effort  would  be  made  to  obtain  speakers  who  would 
give  the  truth  about  commercial  aviation.  The  remarkable 
attendance  at  all  of  the  meetings  thus  far  held  is  ilcar  proof 
of  the  public  interest  in  the  subject  and  indicates  the  eager- 
ness with  which  a  program  of  real  information  is  greeted. 
The  public  lias  apparently  been  waiting  for  some  time  for  a 
progress  repent. 

The  Chicago  Rotary  Club  requested  the  Society  to  include 
it  in  the  program,  and  Glenn  L.  Martin,  member  of  the  Coun- 
cil, at  the  instance  of  President  Heecroft,  addressed  the  Club 
On  Nov.  22.  The  audience  was  composed  of  a  large  number 
Of  Rotariana  and  guests.  Mr.  Martin  stated  that,  although 
the  operation  of  aircraft  is  undoubtedly  costly  as  compared 
with  slower  forms  of  transportation,  this  will  not  appreciably 
retard  the  growth  of  aerial  transportation  since  the  airplane 
has  the  same  relation  to  the  railroad  that  a  taxieab  has  to  a 
street-oar. 

A  committee  comprising  G.  P.  Dorris,  chairman,  G.  F. 
Kublin.  F.  \V.  Gardner.  .1.  A.  Mummert  and  A.  H.  Timmer- 
nian.  arranged  a  most  enthusiastic  dinner-meeting  at  St. 
Louis  on  Dec.  1.  The  speakers  included  Colin  M.  Selph, 
postmaster  of  St.  Louis;  A.  B.  Lambert  of  the  Missouri  Aero 
Club,  F.  W.  A.  Vesper  and  Past-President  J.  G.  Vincent. 
On  account  of  its  geographical  location,  St.  Louis  is  destined 
to  be  one  of  the  great  aviation  cross-roads.  That  this  is 
very  thoroughly  appreciated  by  St.  Louisans  was  indicated 
by  the  presence  of  over  200  at  the  dinner. 

Past-President  Vincent's  address  on  the  Trend  of  Com- 
mercial Aviation,  which  is  printed  elsewhere  in  this  issue, 
was  a  clear  analysis  of  the  economic  possibilities  of  the  air- 
plane for  commercial  work.  He  indicated  the  factors  now 
impeding  the  growth  of  aerial  transportation  as  a  business 
and  suggested  ways  of  overcoming  these  obstacles.  Post- 
master Selph  spoke  of  the  success  of  the  air  mail  and  urged 
the  extension  of  this  branch  of  the  postal  service. 

Perhaps  the  most  successful  meeting  of  the  series  from 
the  standpoint  of  attendance  was  that  at  Detroit  on  Dec.  5, 
when  a  dinner  was  given  by  the  Detroit  Section  in  conjunc- 
tion with  the  Detroit  Aviation  Society  and  the  Detroit 
Board  of  Commerce  in  honor  of  Admiral  William  F.  Fullam. 
U.  S.  N\.  retired.  Three  hundred  men  attended  the  dinner 
and  over  600  were  present  at  the  meeting  that  followed. 
Howard  E.  Coffin  was  chairman  of  the  special  committee  on 
arrangements.  C.  F.  Kettering  was  toastmaster.  There  are 
few  toastmasters  in  what  is  now  the  dry-toast  masticating 
business  who  are  the  equal  of  "Ket." 

Speakers  at  the  Indiana  Section  meeting  on  Dec.  12  in- 
cluded Past-President  J.  G.  Vincent,  V.  E.  Clark,  chief  engi- 
neer of  the  Dayton-Wright  Co.,  Major  Kirby  and  Lieut.  Mi  K. 
Robinson  of  the  Air  Service,  T.  A.  Flaherty,  secretary  of  the 
HoOBier  Aero  Club,  and  Charles  Crawford.  Nearly  100  at- 
tended the  dinner.  J.  G.  Vincent,  in  company  with  V.  E. 
Clark  and  B.  L.  Whalen,  flew  to  Indianapolis  from  Dayton, 
the  trip  taking  l'i  hr.  In  speaking  of  the  best  methods  to 
be  employed  in  developing  commercial  aviation,  Past-Presi- 
dent Vincent  stated  that  the  extension  of  the  air  mail  service 
now  being  so  successfully  operated  is  of  extreme  importance. 

The  Metropolitan  Section  received  so  many  applications 
for  dinner  on  the  occasion  of  its  Aviation  Meeting  on  Dec.  15 
that  it  was  necessary  to  turn  away  a  number  of  members. 
Over  130  attended  the  dinner  and  nearly  double  that  number 
were  present  to  hear  the  speeches  which  followed. 

Past-President  C.  M.  Manly,  who  has  been  prominently 
connected  with  aviation  for  many  years,  presented  an  ab- 
stract of  J.  G.  Vincent's  paper  on  the  Trend  of  Aviation  and 
urged  the  desirability  of  using  commercial  aircraft  at  this 
stage  of  the  development  in  such  places  and  under  such  con- 
ditions as  involve  least  competition  with  other  methods  of 
transportation.  He  pointed  out  the  number  of  opportunities 
for    the   use   of    aircraft   where   other   transportation    media 


were  not  at  hand  and  showed  the  comparative  futility  of 
attempting  to  compete  at  this  time  with  short-haul  railroad 
and  other  well  developed  means  of  transportation. 

Ralph  Upson,  airship  designer,  who  lias  recently  returned 
from  participation  in  the  international  balloon  races  abroad, 
spoke  of  commercial  aeronautics  in  Europe.  One  of  his  re- 
marks was  to  the  effect  that  while  in  this  Country  people  are 
looking  upon  Europe  as  the  leader  in  commercial  aviation, 
he  had  found  that  in  England  and  in  France  the  same  atti- 
tude is  taken  toward  American  progress  and  that  on  the 
whole  we  do  not  suffer  by  comparison. 

C.  F.  Redden,  general  manager  of  the  Aeromarine  Plane  & 
.Motor  Co.,  spoke  convincingly  of  the  fact  that  commercial 
aviation  has  actually  arrived  and  said  that  the  problem  is 
now  largely  one  of  inducing  people  to  take  advantage  of  the 
opportunities  that  are  available  for  commercial  flight.  He 
mentioned  that  the  cost  per  plane-hr.  is  slightly  over  $70,  of 
which  only  about  $15  is  for  gasoline  and  oil.  A  saving, 
therefore,  of  25  per  cent  in  engine  efficiency,  with  a  conse- 
quent reduction  in  cost  of  fuel  of  perhaps  $4,  would  lower 
the  total  cost  of  transportation  only  slightly.  On  the  other 
hand,  since  it  costs  approximately  as  much  to  fly  a  large 
machine  with  one  passenger  as  with  10  an  increase  of  the 
number  of  passengers  actually  carried  on  each  trip  would 
do  a  great  deal  in  lessening  the  cost  per  individual.  Mr.  Red- 
den spoke  of  the  fact  that  travel  by  aircraft  is  more  expen- 
sive than  by  any  other  means  of  transportation  but  felt 
that  the  higher  rate  would  be  paid  by  those  to  whom  a  sav- 
ing of  time  is  a  matter  of  moment. 

Com.  H.  C.  Richardson,  U.  S.  N.,  discussed  the  relation 
of  civil  aviation  to  National  defense  and  called  attention 
to  the  fact  that  while  it  is  difficult  to  convert  planes  from 
war  to  commercial  purposes  or  the  reverse,  it  is  compara- 
tively easy  to  construct  war  machines  in  factories  primarily 
equipped  for  the  building  of  commercial  aircraft. 

S.  H.  Philbin  outlined  briefly  the  provisions  of  the  Wads- 
worth  bill,  now  before  the  United  States  Senate,  for  the  con- 
trol of  civil  aviation,  and  spoke  of  the  need  of  fundamental 
legislation  that  is  essential  to  the  welfare  of  the  aeronautic 
industry. 

One  of  the  largest  meetings  held  by  the  New  England  Sec- 
tion since  the  time  of  its  formation  last  year  was  convened 
at  the  Engineers  Club  in  Boston  on  Dec.  16.  Prof.  E.  P. 
Warner  gave  an  address  on  the  status  of  commercial  avia- 
tion. Among  the  other  speakers  were  President  Roger 
Amory,  of  the  Aero  Club  of  Massachusetts,  Major  E.  B. 
Lyon,  aviation  officer  of  the  First  Corps  Area,  both  of  whom 
stressed  the  need  for  a  properly  equipped  landing-field  near 
the  center  of  Boston,  and  C.  D.  LeFevre,  sections  secretary 
of  the  Society,  who  gave  an  outline  of  Past-President  Vin- 
cent's paper  and  told  what  had  been  accomplished  in  the 
interest  of  commercial   aviation   at  other    Section   meetings. 

An  interesting  feature  of  all  of  these  meetings  was  the 
showing  of  moving  pictures  depicting  the  sinking  of  ex- 
German  and  obsolete  American  battleships  by  aircraft 
bombing.  These  pictures,  which  have  not  been  publicly 
shown,  are  spectacular  in  the  extreme  and  make  obvious  the 
vulnerability  of  even  the  most  heavily  armored  ships  to  this 
method  of  attack. 

President  Beecroft  at  a  luncheon  given  in  his  honor  by  the 
Aero  Club  of  Sioux  City,  Iowa,  on  Dec.  8,  gave  an  outline  of 
some  of  the  recent  notable  achievements  in  commercial  avia- 
tion and  spoke  of  the  work  that  the  Society  is  doing  through 
meetings  in  the  various  parts  of  the  Country  in  the  interest 
of  aviation.  Mr.  Beecroft  gave  an  analysis  of  the  Wads- 
worth  bill  for  the  control  of  commercial  aviation  which  is 
now  before  the  United  States  Senate,  and  emphasized  the 
desirability  of  supporting  this  measure.  He  also  presented 
a  digest  of  J.  G.  Vincent's  paper  on  the  Trend  of  Aviation 
Development.  An  interesting  part  of  his  talk  had  to  do  with 
a  description  of  the  ground  organization  now  being  used  in 
connection  with  commercial  aviation  in  France. 

If  it  had  been  possible  to  admit  the  general  public  to  the 
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meeting  of  the  Pennsylvania  Section  of  the  Engineers  Club 
of  Philadelphia  on  Dec.  22,  a  large  part  of  the  Christmas 
congestion  of  passenger  and  express  traffic  of  the  railroads 
would  have  disappeared.  At  least  it  is  safe  to  say  that  the 
only  reason  for  not  using  airplanes  for  fast  service,  would 
have  been  due  to  the  lack  of  regularly  scheduled  airlines  in 
operation  and  not  to  any  doubt  on  the  part  of  passengers  or 
shippers  as  to  the  advantages  of  aerial  transportation. 

It  seems  almost  incredible  that  the  splendid  results  at- 
tained by  the  air  mail  should  have  received  such  scant  pub- 
licity heretofore.  Second  Assistant  Postmaster  General 
Shaughnessy,  who  told  Section  members  and  members  of  the 
Aero  Club  of  Pennsylvania  about  the  air  mail,  quoted  figures 
which  indicate  that  astonishing  progress  has  been  made  with- 
in the  last  few  months. 

In  the  3%  years  since  the  establishment  of  the  aerial  mail 
service  3,400,000  plane-miles  have  been  flown,  with  30  fatal- 


ities in  the  entire  time.  During  the  months  of  July,  August 
and  September  of  this  year,  however,  the  air  mail  has  flown 
391,000  plane-miles  exclusive  of  test  flights  and  has  carried 
10,014,000  letters.  97.5  per  cent  of  the  scheduled  trips  were 
flown  on  time.  There  were  no  injuries  on  regular  trips  dur- 
ing the  entii-e  period. 

Ralph  Upson  spoke  of  European  conditions  and  outlined 
the  basis  of  the  French  and  the  English  subsidies.  He  be- 
lieves that  subsidies  based  either  on  miles  flown  or  on  a  per- 
centage of  the  gi-oss  receipts  tend  to  perpetuate  whatever 
faults  may  now  be  present.  He  suggested  that  much  greater 
good  could  be  accomplished  by  granting  prize  money  for  im- 
provements in  design,  economy  of  operation  and  night  flying. 

William  B.  Stout  spoke  of  the  requirements  of  commercial 
aircraft  and  emphasized  the  necessity  for  lowering  mainte- 
nance costs  through  the  use  of  all-metal  planes  in  place  of 
those  having  wood  and  cloth  in  their  construction. 


THE  BUSINESS  CYCLE 


PRODUCTION  and  distribution  are  the  biggest  things  in 
business,  and  production  is  first.  Production  can  be  di- 
vided into  two  classes,  agricultural  and  industrial.  Every- 
thing that  is  not  agricultural  production  falls  under  the  clas- 
sification of  industrial.  Distribution,  or  marketing,  depends 
largely  on  production.  It  is  folly  to  study  statistics  of  mar- 
keting because  marketing  shows  the  effect,  not  the  causes. 
All  through  the  matter  of  prognostication  of  the  future,  dif- 
ferentiate between  the  cause  and  effect.  If  we  want  to  look 
ahead  we  have  to  figure  the  causes,  and  the  effects  will  take 
care  of  themselves.  We  have  four  conditions;  commodity 
prices,  foreign  trade,  the  railroad  companies,  transportation 
companies,  carloadings  and  idle  cars  and  then  retail  sales, 
four  divisions  of  marketing. 

The  third  classification  is  labor.  We  study  labor  under 
three  or  four  heads;  first,  wages;  second,  controversy;  third, 
immigration.  The  fourth  division  we  call  business  profits, 
meaning  by  that  the  earning  records  of  corporations.  Then 
there  are  business  failures;  of  course,  they  are  just  the  oppo- 
site of  business  profits. 

Next,  we  have  new  security  issues,  because  the  volume  of 
new  securities  being  offered  reflects  more  or  less  how  condi- 
tions are  as  far  as  business  profits  are  concerned. 

Fifth,  we  have  exchange  transactions;  in  other  words, 
those  transactions  that  take  place  on  the  commodity  ex- 
changes, on  the  stock  exchanges  and  on  the  foreign  exchanges. 

The  sixth  division  we  call  finance.  Under  finance  we  have 
bank  clearings,  bank  statements,  interest  rates,  gold  move- 
ments between  countries  and  operations  of  the  United  States 
Treasury  Department. 

Agricultural  Production 

The  greatest  thing  in  business  today,  the  cause  that  has 
more  effect  than  any  other  single  cause  upon  fluctuation  in 
business,  is  agricultural  production.  The  thing  that  governs 
agricultural  production  will  be  the  climatic  conditions  of  the 
country,  and  who  could  pretend  to  foretell  climatic  condi- 
tions? 

As  far  as  the  business  cycle  is  concerned,  you  cannot  tell 
from  current  agricultural  production  if  we  are  in  depres- 
sion or  prosperity.  In  other  words,  you  find  that  the  busi- 
ness cycle  goes  on  regardless  of  agricultural  production  be- 
cause the  farmer  is  looking  ahead  and  planning  for  his  next 
crop,  and  at  that  time  conditions  may  be  entirely  different. 
Industrial  production,  however,  is  at  its  lowest  ebb  in  times 


of  depression.  We  know  it  must  be  so  because  there  is  one 
thing  that  is  making  depression. 

Do  prices  make  business?  Not  always.  Within  the  last 
year  we  had  cotton  at  42  cents,  and  we  have  seen  cotton  at 
11  cents.  Was  it  easier  to  sell  cotton  at  42  cents  or  11  cents? 
At  42  cents.  In  other  words,  it  is  not  the  prices  that  deter- 
mine whether  you  get  the  business  or  not.  It  is  the  trend 
of  prices. 

In  the  periods  of  depression,  ordinarily  speaking,  exports 
tend  to  increase  and  imports  tend  to  decline.  Why?  Simply 
because  when  prices  are  low  here  there  is  a  foreign  demand. 
Why  are  exports  not  increasing  now?  It  is  on  account  of  the 
monetary  situation  in  Europe. 

Wages 

Wages  tend  upward  before  labor  conditions  start  to  im- 
prove which  is  a  peculiar  feature.  There  is  a  tendency  to 
put  wages  down  to  bed-rock,  because  expenses  have  been  in- 
creasing during  the  preceding  periods,  and  business  has  been 
falling  off  during  the  preceding  period  of  liquidation.  Wages 
get  abnormally  low.  They  get  to  the  point  where  the  worker 
cannot  survive,  and  the  employers  have  to  increase  the  rates 
despite  the  fact  that  business  does  not  justify  it,  and  when 
they  are  doing  that  they  are  helping  themselves,  but  they  do 
not  realize  it.  They  say  it  is  an  added  expenditure,  and  the 
profit  is  small.  But  with  that  increase  to  labor  it  does  not 
need  much  to  get  business  swinging  back  toward  normal 
again,  and  the  little  increase  that  labor  gets  is  one  of  the 
things  that  helps  to  bring  it  back. 

Demand  and  Supply 

The  cause  of  the  business  cycle  can  be  expressed  very 
simply.  It  is  simply  the  maladjustment  between  supply  and 
demand.  In  the  period  of  prosperity  production  is  overdone. 
In  the  period  of  depression  production  is  underdone,  and 
sooner  or  later  the  demand  will  get  ahead  of  the  supply. 
If  for  no  other  reason  than  that  production  is  underdone,  it 
is  psychological  that  when  profits  are  large  production  is  in- 
creased; when  profits  are  small,  or  minus,  production  is  cur- 
tailed. At  some  point  it  develops  that  there  is  a  shortage. 
There  is  a  demand  for  the  given  commodity,  and  the  supply 
is  not  sufficient.  The  increase  in  business  helps  one  indus- 
try here  and  another  industry  there.  As  the  result  of  that 
the  improvement  spreads  all  through  the  business  world. — 
D.  M.  Jordan  in  American  Machinist. 
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ADDRESSING  the  structural  engineer  and  the  pur- 
chasing agent  particularly,  the  author  discusses 
the  relationship  between  them  and  the  foundryman 
with  regard  to  malleable-iron  castings  and  enumerates 
foundry  difficulties.  The  characteristics  necessitating 
adequate  gating  for  such  castings  are  described  and 
illustrated,  inclusive  of  considerations  regarding  pat- 
tern design,  followed  by  a  statement  of  the  considera- 
tions that  should  influence  the  purchasing  agent  when 
dealing  with  foundrymen. 

Possible  casting  defects  are  described,  illustrated  and 
discussed,  comment  being  made  upon  casting  shrinkage 
and  machinability.  Improvements  in  annealing-oven 
construction  and  operation  are  reviewed  and  the  rec- 
ords  of  100  consecutive  heats  in  different  plants  are 
tabulated.  The  materials  for  casting  that  compete  with 
malleable  iron  are  mentioned  and  its  physical  charac- 
teristics are  considered  in  some  detail. 

Emphasis  is  placed  upon  the  necessity  for  the  elim- 
ination of  casting  shrinkage  and  a  brief  summary  is 
made  of  the  most  important  features  of  the  paper. 

IN*  responding  to  the  invitation  to  contribute  an  article 
covering  the  malleable-iron  casting,  I  find  no  diffi- 
culty in  determining  the  particular  details  which 
should  prove  of  greatest  interest  at  present  to  the  user 
and  manufacturer  of  these  castings,  because  the  two 
conditions  that  will  be  referred  to  overshadow  in  impor- 
tance any  others  concerning  which  it  would  be  possible 
to  write. 

It  can  be  predicted  safely  at  the  start  that  the  builder 
of  automobiles,  trucks  or  tractors  is  exceedingly  anxious 
to  use  any  product  by  which  it  is  practicable  to  secure 
an  increased  output  at  less  cost  than  possible  through 
the  use  of  some  other  material,  provided  the  former  were 
found  to  be  equally  dependable.  On  the  other  hand,  the 
founder  would  be  pleased  indeed  to  market  all  the  cast- 
ings he  could  produce  if  this  could  be  done  at  a  reason- 
able profit.  In  short,  it  is  but  logical  to  assume  that, 
under  the  conditions  stated,  there  should  exist  between 
the  two  a  mutual  interest  that  should  be  continually 
strengthened,  until  modified  if  not  nullified  by  the  appear- 
ance of  some  other  product  equally  reliable  and  less 
costly,  or  until  such  a  time  as  the  purchaser,  in  his  desire 
to  lessen  the  cost  of  his  machine,  shall  be  unable  or  no 
longer  willing  to  pay  a  fair  price  for  the  castings. 

It  is  in  connection  with  this  relationship  that  I  would 
address  those  interested  but,  in  doing  so,  1  direct  my 
remarks  particularly  to  the  structural  engineer  and  pur- 
chasing agent;  for,  irrespective  of  how  talented  or  how 
wide  their  experience  with  these  castings  may  have  been, 
there  are  certain  facts  that  are  difficult  of  ascertainment, 
either  for  or  against  them,  short  of  an  intimate  experi- 
ence in  their  manufacture,  and  it  is  but  fair  to  assume 
that  very  few  who  have  occupied  either  of  these  posi- 
tions have  had  this  experience.     Unfortunately,  the  same 
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can  be  said  of  the  foundryman  whose  knowledge  of  auto- 
mobile manufacture  and  construction  is  limited  to  the 
reading  of  his  automobile  catalogue  and  a  perusal  of 
the  illustrations.  While  it  happens  that  I  am  affiliated 
with  a  large  number  of  the  manufacturers  of  these  cast- 
ings, I  am  writing,  as  I  have  done  invariably  in  the  past, 
with  perfect  candor  and  with  the  concealment  of  no  facts 
in  connection  with  these  castings  that  it  would  be  to  the 
interest  of  automotive  engineers  to  know.  This  is  true 
to  such  an  extent  that,  as  we  proceed,  I  will  present 
some  details  in  connection  with  their  manufacture  and 
inspection  that  I  trust  will  prove  of  value  to  the  Society. 
In  exchange,  those  who  are  striving  hard  to  perfect  their 
castings  would  like  to  count  upon  the  business  sympathy 
of  the  Society  and  the  cooperative  advice  of  automotive 
engineers  in  a  serious  work  that,  as  stated,  can  correctly 
be  considered  in  no  other  light  than  one  of  mutual  inter- 
est, for  it  is  my  belief  that,  in  the  case  of  finished  parts 
that  are  required  to  stand  great  abuse,  there  exists  no 
other  ferrous  product  of  equal  dependability  that  can 
be  machined  at  anywhere  near  equal  cost. 

Foundry  Difficulties 

It  will  facilitate  my  work  if  we  consider  for  the  moment 
a  few  of  the  various  difficulties  that  confront  the  foundry- 
man  in  various  lines  of  endeavor.  He  may  be  working 
with  a  metal  that  it  is  impracticable  to  cast  free  from 
blowholes,  even  through  the  liberal  addition  of  alloys 
that  are  introduced  solely  for  the  purpose  of  combining 
with  the  occluded  gases.  He  may  be  using  a  metal  that, 
even  when  surcharged  with  a  high  degree  of  superheat, 
is  so  sluggish  when  molten  that  mis-runs  will  be  in  order. 
The  metal  used  may  be  one  so  sensitively  weak  at  certain 
temperatures,  after  or  during  solidification,  that  contrac- 
tion on  the  cores  or  between  the  gates  may  result  in  a 
prohibitive  loss  due  to  contraction  cracks.  The  foundry- 
man  may  be  working  with  an  alloy  that  must  be  made 
in  accordance  with  strict  specifications  as  to  analysis, 
one  of  the  component  metals  of  which  may  be  very  vola- 
tile, with  a  resultant  loss  and  the  production  of  a  casting 
of  incorrect  composition.  The  melting  point  of  another 
metal  may  be  so  high  that,  when  raised  to  a  casting  tem- 
perature sufficient  to  run  the  work  successfully,  even 
a  very  refractory  molding-sand  will  burn  on  the  surface 
and  make  machining  costly.  Difficulties  are  experienced 
with  metals  that  segregate,  lose  their  fluidity  quickly, 
are  drossy,  crystallize  out  if  poured  in  a  sand  mold,  and 
the  like. 

In  addition  to  the  handicaps  mentioned,  whether  the 
metal  used  is  easy  or  difficult  to  cast,  all  founders  are 
confronted  with  what  is  known  as  the  molding  problem 
in  every  instance.  That  this  problem  is  replete  with 
difficulties  is  certain,  even  when  reduced  to  its  simplest 
terms  through  the  use  of  a  metal  almost  ideally  adapted 
to  the  making  of  castings  with  minimum  risk  of  mis- 
runs,  and  that  will  cast  true  to  pattern  and  with  good 
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casting  surface.  In  the  case  of  air-furnace  hard  iron, 
the  molten  iron  from  which  malleable-iron  castings  are 
made,  molding  difficulties  are  not  occasioned  because  of 
the  eccentricities  of  the  metal,  but  the  successful  pro- 
duction of  good  castings  is  made  both  difficult  and  com- 
plex, due  for  the  most  part  to  the  eccentricities  of  the 
pattern  design.  It  must  be  manifest,  if  we  are  dealing 
with  a  metal  the  fusion  point  of  which  is  lower  than 
that  of  any  metal  suitable  for  the  production  of  a  ferrous 
casting,  that  owing  to  this  low  melting-temperature  a 
minimum  of  occluded  gases  will  be  absorbed.  If,  in 
addition,  the  metal  has  carbon,  silicon  and  phosphorus 
contents  so  high  as  to  yield  a  fluidity  sufficient  almost 
to  pour  needles,  it  is  evident  that  something  must  be 
radically  wrong  if  the  castings  are  not  only  free  from 
blowholes  but  from  shrinkage  as  well.  So  far  as  the 
former  trouble  is  concerned,  when  blowholes  are  present 
in  a  malleable-iron  casting,  which  I  believe  the  user 
will  acknowledge  is  infrequently  the  case,  it  almost 
invariably  is  the  fault  of  molding  practice.  It  is  due 
to  sand  that  is  too  damp  or  too  tightly  rammed,  to  cores 
that  are  too  compact  or  badly  vented,  or  to  similar 
causes,  and  rarely  if  ever  due  to  occluded  gases.  On 
the  other  hand,  when  shrinkage  occurs,  and  this  is  one 
of  the  most  harmful  and  disastrous  imperfections  that 
can  be  pi-esent  in  a  malleable-iron  casting  for  reasons 
that  will  be  entered  into  later,  while  the  fault  at  times 
may  be  due  to  bad  molding-practice,  it  can  be  stated 
safely  that  in  by  far  too  many  cases  the  structural  engi- 
neer has  furnished  a  design  that  cannot  be  produced 
entirely  free  from  this  defect,  even  through  the  exer- 
cise of  the  highest  degree  of  molding  skill  and  the  use 
of  much  extra  metal  in  the  form  of  risers  and  heads, 
the  subsequent  remelting  of  which  is  costly. 

Adequate  Gating 

For  molten  metal  to  fill  a  void,  it  must  not  only  have 
free  entrance  to  it,  but  the  entrance  must  be  proportioned 
so  as  to  admit  of  the  void  being  filled  completely  before 
the  entrance  or,  as  it  is  commonly  called,  the  gate,  be- 
comes closed  by  the  gradual  solidification  of  the  metal 
passing  through  it.  Let  us  assume  that  these  conditions 
have  been  almost  but  not  wholly  fulfilled  in  the  case  of 
a  void  of  very  simple  character,  for  example,  that  made 
by  a  small  rectangular  block,  and  that  the  metal  in  the 
gate  has  frozen  prematurely  so  far  as  the  conditions 
stated  are  concerned.  In  this  event,  while  the  surface 
of  the  casting  will  be  a  true  replica  of  the  void  design, 
as  must  happen  by  reason  of  the  fact  that  the  molten 
metal  as  it  enters  the  void  and  strikes  the  cold  surface 
of  the  sand  will  freeze  instantly  into  a  very  thin  solid 
shell  of  similar  form,  there  will  not  be  a  sufficient 
amount  of  molten  metal  present  to  produce  a  perfectly 
sound  casting,  because  molten  iron  occupies  more  space 
than  solid  iron.  Under  these  circumstances  it  will  be 
found  that  a  shrinkage  or  cavity  will  exist  in  the  cast- 
ing of  a  size  dependent  upon  how  much  too  soon  the 
metal  in  the  gate  or  void-entrance  solidified,  thus  pre- 
venting the  casting  from  being  furnished  with  sufficient 
molten  metal  as  solidification  was  progressively  taking 
place.  A  hole  may  result  in  exaggerated  cases,  or  an 
area  of  greater  or  less  dimensions  and  of  greater  or  less 
porosity  may  be  produced  if  conditions  are  less  bad. 

Let  us  assume  that  the  conditions  first  referred  to 
were  fulfilled  as  described,  and  that  the  metal  in  the 
gate  and  in  the  void  freeze  simultaneously.  Even  under 
these  conditions  a  very  imperfect  casting  will  be  pro- 
duced, because  if  metal  occupies  less  space  when  solid 
than  when  molten,  sufficient  metal  still  will  be  lacking 


and,  in  consequence,  a  porosity  will  exist  that  will  be 
proportional  to  the  metal  deficiency.  It  is  clear,  there- 
fore, that  to  produce  a  sound  casting  of  this  character  it 
is  not  only  essential  that  the  metal  in  the  gate  or  void 
entrance  remain  fluid  for  a  sufficient  length  of  time  to 
enable  the  void  to  be  filled,  but  provision  must  be  made 
for  the  metal  in  the  gate  to  remain  fluid  until  after  that 
in  the  void  has  solidified  completely,  in  order  that,  as 
solidification  in  the  void  progresses,  no  cavity  can  re- 
main by  reason  of  lack  of  fluid  metal  to  occupy  its  space 
continually  to  the  vanishing  point.  The  basic  principles 
of  pattern  design  and  subsequent  molding  call  for  a  pat- 
tern proportioned  so  that  it  is  possible  through  the  exer- 
cise of  skilled  molding-practice  to  gate  and  head  the  pat- 
tern so  that  the  molten  metal  will  feed  to  allots  parts  as 
they  progressively  solidify  from  the  surface  inward  as 
the  volume  change  takes  place.  When  the  molder's  skill 
is  exhausted  and  shrinkages  still  appear,  it  is  not  un- 
reasonable to  conclude  that  the  pattern  design  should 
be  changed. 

Pattern  Design 

To  illustrate  a  very  important  and  fundamental  fact  to 
those  who  have  to  do  with  the  design  of  patterns,  the 
following  simple  illustration  will  suffice.  Let  us  con- 
sider the  case  of  a  casting  consisting  of  two  rectangular 
parts  of  equal  dimensions  connected  together  by  a  rec- 
tangular member  of  considerably  smaller  cross-section, 
the  overall  size  of  the  pattern  being  such  that  four  can 
be  placed  in  one  flask.  If  gated  at  one  end,  the  metal 
will  flow  in  the  rectangle  to  which  the  gate  is  attached, 
thence  through  the  thin  section  and  from  it  to  the  other 
rectangle.  Under  these  conditions  the  entire  casting 
must  be  fed  from  the  gate  as  gradual  solidification  pro- 
gresses, because  molten  metal  can,  in  this  case,  be  de- 
rived from  no  other  source.  It  is  certain  that,  when  thus 
cast,  the  rectangular  part  farthest  from  the  gate  will 
be  more  or  less  unsound,  for  it  is  hardly  to  be  expected 
that  the  small  gate  at  one  end  can  feed  the  rectangle 
farthest  from  it  continuously,  owing  chiefly  to  the  more 
rapid  solidification  of  the  metal  in  the  much  smaller  sec- 
tion joining  the  two  heavier  parts. 

Actually,  this  thinner  section  will  be  drawing  metal 
from  the  two  larger  connected  parts,  for  the  metal  in 
these  will  act  as  reservoirs  to  feed  it  and,  in  doing  so, 
make  certain  their  own  unsoundness,  particularly  in  the 
case  of  the  part  farthest  from  the  gate.  In  order  that 
the  latter  be  made  solid,  it  is  essential  either  that  the 
metal  in  the  thin  section  be  kept  fluid  a  sufficiently  long 
time  to  provide  that  part  with  a  continuous  supply  of 
molten  metal  until  its  solidification  is  complete,  or  a 
head  or  reservoir  must  be  placed  upon  it  from  which  it 
can  obtain  an  auxiliary  supply  independently  of  the  thin 
part  to  which  it  is  attached.  However,  in  castings  of  in- 
tricate design  which,  in  automotive  castings,  is  the  rule 
and  not  the  exception,  it  is  frequently  impossible  for 
mechanical  reasons  to  furnish  independent  heads  or 
reservoirs  to  each  disproportionate  part,  and  it  is  essen- 
tial therefore  that  balanced  solidification  through  a  pos- 
sible feeding  of  every  part  be  facilitated  by  a  proper  pat- 
tern design,  coup'ed  with  skilled  molding-practice.  To 
make  success  possible,  the  founder  gates  and  heads  his 
castings  in  such  a  manner  that  the  feeding  of  the  heavy 
parts  will  be  accelerated  to  such  an  extent  as  is  possible, 
but  how  often  is  the  design  such  that,  in  spite  of  every 
expedient  known  to  the  skilled  molder  and  of  the  use  of 
a  metal  of  the  very  best  casting  characteristics,  an  abso- 
lutely sound  casting  cannot  be  made  For  the  sake  of  his 
reputation  and  for  the  good  of  the  industry,  the  founder 


Vol.  X 


January.  1922 


No   I 


PERTINENT  FACTS  ABOUT  MALLEABLE  CASTINGS 


should  have  the  courage  to  refuse  to  use  patterns  from 
which  a  product  free  from  shrinkage  cannot  be  made. 

Foundry  Policy  and  the  Purchasing  Agent 

In  the  case  of  a  certain  casting,  let  us  assume  that, 
through  the  exercise  of  great  molding  skill,  the  most 
favorable  gale  emplacement  and  correctly  placed  risers 
that  jointly  will  weigh  considerably  more  than  the  cast- 
ing, it  is  found  that  solidity  can  be  secured  through  use 
of  these  costly  expedients.  Let  us  assume  further  that 
the  purchaser  has  decided  to  obtain  these  particular  cast- 
ings from  three  sources  of  supply.  Founder  No.  l  is 
conscientious  and,  through  the  use  of  very  high  ami 
bulky  heads  and  risers,  is  furnishing  a  perfectly  re- 
liable casting.  Founder  No.  2  is  less  careful  and  some 
minor  shrinkage  is  present  in  his  castings.  Founder 
No.  .'!  is  still  less  careful  and  his  castings  fail  in  service. 
Does  the  purchasing  agent  or  the  engineer  analyze  the 
situation  anil  condemn  the  particular  source  from  which 
these  castings  came,  cancel  the  order  and  transfer  it  to 
Founder  No.  1  ;  or,  does  he  suggest  that  the  malleable 
casting  is  not  to  be  depended  upon  and  recommend  that 


B"IO,    1     8»  if   a   Gear-Casb   Showing   Solid   Metal   in  the 

Left  Portion  and  a  Minute  Amount  of  Shrinkage  at  the  Right 

another  metal  be  substituted  for  it?  If  the  product  were 
apples  it  is  certain  that  at  least  one  source  of  supply 
would  be  dropped  because  the  purchaser  knows  a  good 
apple  on  sight  and  that  good  ones  are  purchasable.  If 
apples  are  the  fruit  he  wants,  he  would  be  considered 
somewhat  eccentric  if,  on  account  of  having  received  bad 
apples  from  one  source  of  supply,  he  cancelled  the  order 
with  the  other  two  sources  and  decided  to  substitute 
pears  for  apples. 

The  foregoing  may  seem  far  afield  as  a  parallel  case, 
but  it  appears  to  me  to  be  entirely  analogous.  The  auto- 
motive engineer  has  need  of  good  malleable-iron  castings 
because  of  their  wonderful  machinability  and  ability  to 
stand  great  abuse  in  service  and,  should  some  castings 
fail  in  service,  it  is  hardly  fair  to  conclude  that  the 
trouble  is  fundamentally  with  the  metal  per  se,  when 
as  a  matter  of  fact  it  lies  with  the  source  of  supply.  The 
conditions  referred  to  are  exaggerated,  owing  to  the  atti- 
tude of  the  purchasing  agent.  In  his  perfectly  legiti- 
mate desire  to  do  the  best  possible  for  his  company,  he 
often  mistakenly  places  price  ahead  of  quality.  We  have 
good  automobiles  and  we  have  poor  ones,  which  fact 
should  not  condemn  the  automobile.  In  just  the  same 
manner  as  an  automobile  salesman  would  laugh  at  the 
man  who  wanted  a  high-grade  car  for  the  price  of  a 
fliver,  the  competent  and  conscientious  malleable-iron 
founder  should  be  excused  if  he  smiles  when  asked  to 
meet  the  price  of  a  competitor  who,  instead  of  using  the 
costly  expedients  that  have  been  shown  to  be  necessary 
to  secure  soundness,  will  ship  castings  that  in  general 


Fio 


View   i kino  Down  on   \  Gear-Casb  Casting  with  toe 

Gates  and  the  Risers  Attached 


appearance  are  all  right  but  which  close  inspection  will 
disclose  are  unsound.  In  the  case  of  two  sources  of 
supply,  all  costs  being  alike  in  both  cases  except  that  for 
molding  and  extra  metal  used  in  risers  and  heads,  there 
easily  can  be  a  difference  of  2  cents  per  lb.  in  the  cost 
of  production  between  a  casting  that  is  perfectly  sound 
and  one  that  is  nearly  so.  I  recommend  that,  in  the  pur- 
chase of  malleable-iron  castings,  the  source  of  supply 
be  given  the  weight  that  its  importance  deserves,  par- 
ticularly until  the  designing  engineer  awakens  to  the 
necessity  of  a  fuller  cooperation  with  the  founder. 

Let  us  assume  that  the  engineer  has  decided  to  substi- 
tute another  product  in  lieu  of  the  malleable-iron  cast- 
ings. No  risk  will  be  taken  in  making  the  statement 
that,  before  the  contract  is  signed  by  the  vendor,  he  will 
request  that  he  be  granted  permission  to  alter  the  pat- 
tern that  was  furnished  and  used  by  the  malleable  iron 
founder.  The  request  will  be  made  that  he  be  allowed  to 
thicken  the  sections  here  and  there,  that  certain  corners 
be  replaced  by  generous  fillets  and  other  modifications 
such  as  in  his  opinion  will  better  adapt  the  pattern  to  the 
peculiarities  of  his  particular  metal.  I  have  no  quarrel 
with  the  reasonableness  of  this  request,  because  it  is  ab- 
solutely along  the  lines  of  commonsense,  but  in  the  ma- 
jority of  cases  permission  will  be  granted  in  such  cases 
that  strenuously  was  denied  the  malleable-iron  founder, 
and,  while  I  can  offer  no  explanation  for  this  curiously 
illogical  situation,  I  can  vouch  for  the  accuracy  of  the 
statement. 


Fir;,    3 — Side   View   of  the   Gear-Case   Casting   Shown   in   Fig.    2 
Before  the  Gates    ind  the  Risers  Were  Removed 
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Pig.    I — A  Ghah-Casb  That  Was  Deformed  by  Sledging  to  Demon- 
strate thh  Ductility  of  the  Metal 

Possible  Casting  Defects 

To  illustrate  in  a  practical  manner  some  of  the  state- 
ments  that  have  been  made,  we  will  consider  Fig.  1,  in 
which  various  sections  cut  from  a  gear-case  shown  in 
Figs.  2  and  3,  two  views  of  this  casting  with  gates,  run- 
ners and  risers  attached,  can  be  seen.  In  Fig.  2  the 
large  size  of  the  gate  at  .4  should  be  noticed;  it  is  so 
large  that  it  is  with  difficulty  that  it  can  be  broken  off 
without  disfiguring  the  casting.  I  also  would  call  atten- 
tion to  how  efficiently  the  heads  have  served  to  feed  the 
casting  during  solidification,  for  the  cavities  at  B  in 
these  heads  practically  are  a  direct  measure  of  the 
amount  of  metal  they  supplied  to  the  casting  during  its 
solidification  period.  The  use  of  such  large  gates  is 
possible  owing  to  the  introduction  of  a  strainer  core  set 
at  the  bottom  of  the  pouring  sprue  that  serves  to  take 


care  of  the  dirt  and  thus  make  possible  gate  enlargement. 
These  heads,  runners  and  sprues  jointly  weigh  consider- 
ably more  than  the  casting.  In  Fig.  3,  the  massive 
heads  with  large  wells  below  gate  level,  made  in  this 
manner  in  order  that  the  metal  in  the  gate  will  not  pre- 
maturely freeze  but  remain  open  until  the  solidification  of 
the  casting  is  completed,  should  be  noticed. 

Let  us  now  take  up  the  lesson  that  can  be  drawn  from 
a  consideration  of  the  sections  shown  in  Fig.  1.  It  can 
be  seen  in  the  full  half-section  that  one  side  of  the  cast- 
ing is  absolutely  solid  while  there  are  two  shrinks  in 
the  other  side  that  are  so  small  and  so  located  that  their 
presence  would  not  affect  the  strength  of  the  casting  in 
such  a  manner  as  to  cause  it  to  weaken  or  fail  in  service. 
The  section  is  shown,  however,  to  illustrate  how  deli- 
cately balanced  are  the  conditions  that  make  for  shrink- 
age or  its  absence.  Here  is  a  case  where  a  casting  is 
gated  in  very  generous  fashion,  with  heads  that  weigh 
more  than  the  casting  itself  and  are  symmetrically 
placed;  and  still  one  side  of  the  casting  is  perfectly 
sound  while  a  small  shrinkage  is  present  in  the  other. 
The  reason  is  simple.  In  spite  of  the  precautions  that 
have  been  taken  in  the  use  of  large  gates  and  high  and 
bulky  feeding  heads  symmetrically  placed,  a  little  slower 
feeding  occurred  on  one  side  than  on   the   other.     The 


Fig.  5 — Photomicrograph  Magnified  150  Diameters  Showing  the 
Structural  Condition   Existing  in  a  Shrinkage 


Pig.    6 — Photomicrograph    of    a    Normal    Portion    of   a   Casting 

Adjacent  to  the  Shrinkage  Illustrated  in  Fig.  5,  Magnified  100 

Diameters 

pattern  is  intricate  and  a  slight  difference  in  friction  or 
in  the  division  of  the  molten  metal  on  reaching  the  bot- 
tom of  the  pouring  sprue  could  cause  the  slightest  dif- 
ference in  the  rate  of  feeding  of  the  two  sides  in  a  case 
where  such  extreme  measures  had  to  be  taken  to  insure 
soundness.  But,  should  a  pattern  be  designed  so  that  it 
is  essential  to  have  to  go  to  these  extremes  to  make 
soundness  certain,  if  it  is  easily  possible  to  design  it  in 
the  first  place  so  that  casting  difficulties  are  absent  or, 
having  designed  it  incorrectly,  is  it  not  best  at  least  to 
make  the  slight  changes  that  would  improve  the  casting 
condition? 

I  venture  to  state  that  if,  without  changing  the  total 
weight  of  the  casting  in  question,  the  founder  were  per- 


Vol.  X 


January,  1922 


No.  1 


PERTINENT    FACTS  AMOIT  MALLEABLE  CASTINGS 


mitted  to  alter  the  thickness  of  certain  sections  at  two 
places  by  an  extremely  small  margin  and  deduct  this 
weight  from  the  heavier  parts  where  it  ran  be  proved 
easily  that  a  small  amount  of  useless  metal  exists,  not 
only  would  there  be  no  unsoundness  at  any  locality,  under 
the  present  system  of  molding,  but  this  result  invariably 
could  be  accomplished  with  certainty  and  with  consider- 
ably less  waste  metal.  In  considering  the  foregoing, 
the  engineer  should  keep  in  mind  at  all  times  that  air- 
furnace  hard  iron,  next  to  gray  iron,  is  the  easiest  of 
all  ferrous  metals  to  cast.  What  these  particular  cast- 
ings are  capable  of  enduring  can  be  seen  by  reference  to 
Fig.  -1,  which  shows  one  that  has  been  sledged  down  and 
deformed  to  a  considerable  extent. 


Fig.  7 — Photograph  with  Very  Low  Magnification  of  a  Casting 
That  Is  Hasd  Throughout  hit  t  i  \s  the  Hardest  Metal  at  the 

St   R1    v'  E 

Let  us  take  up  another  phase  of  the  shrinkage  prob- 
lem and  make  plain  a  most  important  matter;  one  that 
perhaps  is  not  fully  appreciated  by  the  engineer  or  the 
inspector.  In  the  case  of  the  shrinkages  in  the  castings 
we  have  just  considered  we  have  concluded  that,  as  lo- 
I  and  in  view  of  their  small  size,  they  would  not 
cause  the  castings  to  fail  in  service.  Let  us  assume  that 
the  same  statement  would  hold  true  if  a  minute  shrink- 
age were  located  at  some  point  where  machining  would 
be  required.  In  this  case,  however,  much  damage  could 
be  caused,  for  shrinkage  is  really  synonymous  with 
hardness.  Contrary  to  the  opinion  of  seme,  the  hard 
spot  due  to  segregation  is  not  an  evil  inherent  in  the 
malleable-iron  casting.  A  moment's  thought  should  con- 
vince the  engineer  of  this  fact,  for  the  sections  are  so 
thin  that  solidification  takes  place  too  quickly  to  admit 
of  this  trouble.  When  a  hard  spot  occurs  in  a  malleable- 
iron  casting,  it  invariably  will  be  found  that  it  is  due  to 
the  presence  of  a  shrinkage,  a  matter  that  I  demonstrated 
very  early  in  my  investigations.  Therefore,  it  can  be 
accepted  as  a  fact  that  heavy  losses  can  be  sustained  by 
the  manufacturer  if  even  slight  shrinkages  occur  near 
surfaces  that  have  to  be  machined. 

Machinability 

In  the  micrograph  reproduced  in  Fig.  5  the  structural 
condition  existing  in  a  shrinkage  can  be  seen.  This 
should  be  compared  with  that  of  the  sound  and  norma! 
metal  adjacent  to  it  that  is  shown  in  Fig.  6.  For  reasons 
not  fully  understood,  free  cementite,  the  hardest  consti 
tuent  that  can  occur  in  iron  or  steel,  usually  is  associ- 
ated with  a  shrinkage  area  and  it  is  to  this  constituent 
that  the  hardness  is  due.  That  shrinkage  is  a  defect 
that  should  not  be  tolerated  in  a  casting  is  true.  The 
purchaser   should,    through    rigid    inspection,    safeguard 
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Via.    8    -A    Vkky    Low-Magnification    Photograph    oi     %    Casting 

Ti    .  i   Was  it  \SJ>  to  aI  V.CHINE  on  Account  of  a  Hard  Inner  Border 

oi    i  i  m a  i  n    between  the  Surface  Later  and  the  Softer  Metal 

Underneath 

himself  in  this  particular,  but  he  should  approach  this 
trouble  with  tolerance  and  contribute  his  share  toward 
eliminating  it.  It  is  unreasonable  that  the  founder  be 
required  to  bear  the  entire  burden  if  the  dominant  part 
actually  rests  on  the  shoulders  of  another.  On  the  other 
hand,  when  castings  are  received  that  are  hard  to  ma- 
chine for  reasons  other  than  shrinkage,  the  fault  can 
be  wholly  attributed  to  the  founder.  Such  conditions  can 
be  occasioned  even  in  the  case  of  castings  of  ideal  com- 
position due  to  various  causes,  through  failure  to  anneal 
them  at  a  high  enough  temperature  for  a  sufficient 
length  of  time,  by  too  low  an  annealing  temperature  or  by 
a  too  rapid  rate  of  cooling,  in  all  of  which  cases  the  cast- 
ings will  be  uniformly  hard  throughout.  Such  a  case  is 
shown  in  Fig.  7. 

Castings  may  prove  hard  to  machine  due  to  a  surface 
hardness  that  usually  is  occasioned  by  an  unbalanced 
sulphur-manganese  ratio,  particularly  when  this  condi- 
tion is  accompanied  by  too  high  a  temperature  of  anneal, 
the  condition  being  worse  the  higher  the  temperature  be- 
comes.     Figs.   8   and   9    illustrate   this   condition.      The 


Fig.   9 — Photograph   with   Very  Low   Magnification  of  a  Piece 
Having  a  Hard  Surface  To  Machine 
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Fig.    10 — A   Vert   Low-Magnification   Photograph   of  a   Casting 

Having   a   Deep   and   Thoroughly   Decarbonized   Surface   Border 

That    Was    Vert    Soft    and    Consequently    Developed    Cutting  - 

Hardness 

same  trouble  can  originate  when  the  silicon,  manganese 
and  carbon  contents  are  unduly  low;  or,  what  can  be 
termed  cutting  hardness  can  obtain  when  the  castings 
have  undergone  such  a  complete  surface-decarbonization 
that  the  surface  metal  is  hard  to  machine  owing  simply 
to  its  very  softness  that  gums  the  tool  and  creates  a  fric- 
tion that  quickly  draws  the  hardness  of  the  tool  cut- 
ting-edge. Fig.  10  illustrates  this.  In  any  and  all  such 
cases,  and  there  are  others  that  have  not  been  mentioned 
that  can  cause  surface  hardness,  the  responsibility  for 
the  trouble  lies  entirely  with  the  founder.  I  will  endeavor 
to  make  clear  that  trouble  from  such  occurrences  soon 
will  be  a  thing  of  the  past. 

Annealing-Oven  Improvements 

For  the  past  4  or  5  years  a  gradual  improvement  has 
been  made  in  annealing-oven  construction.  Those  who 
have  had  experience  with  the  heat-treating  of  steel  know 
the  difficulties  that  obtain  in  an  attempt  to  construct 
an  oven  of  even  small  size  so  that  the  temperature  at  all 
parts  can  be  kept  uniform  and  under  satisfactory  con- 
trol. It  will  be  admitted,  that  the  problem  is  increas- 
ingly difficult,  the  larger  the  oven  is  and,  in  the  case  of 
such  large  ovens  as  are  required  for  the  annealing  of 
30  to  60  tons  of  bulky  castings,  the  difficulties  are  great. 
In  spite  of  this,  coal-burning  ovens  have  been  constructed 
that  have  proved  to  be  surprisingly  satisfactory,  and  the 
improvement  in  product  is  due  in  considerable  measure 
to  this  fact.  The  electric  oven  for  heat-treating  is  nothing 
short  of  ideal,  but  this  proposition  has  been  thought 
prohibitive  in  the  case  of  very  large  ovens  that  must  be 
under  heat  for  at  least  5  days.  It  is  manifest  that  the 
bulk  of  current  consumption  during  an  anneal  will  take 
place  in  heating  the  oven  and  contents  to  the  annealing 
temperature  of  1525  and  1550  deg.  fahr.  With  this  fact 
in  mind  it  was  decided  to  construct  an  oven  that  would 
be  insulated  thoroughly,  and  designed  so  as  to  be  heated 
by  coal  until  the  oven  and  its  contents  were  at  the  proper 
temperature,  the  remainder  of  the  anneal  being  accom- 
plished by  electrical  heat  under  positive  control.    This 


has  been  done  and  coal  is  used  only  in  raising  the  oven 
and  its  contents  to  the  annealing  temperature.  As  soon 
as  this  has  been  attained,  the  current  is  turned  onto  the 
resistance  ribbons  automatically,  and  from  this  time  on 
they  are  kept  at  a  constant  temperature  through  ther- 
mometric  control,  which  is  also  used  in  lowering  the  tem- 
perature in  accordance  with  the  rate  desired.  Through 
this  procedure  the  annealing  problem,  that  heretofore 
has  occasioned  moi-e  than  considerable  anxiety,  has  been 
converted  into  a  foolproof  proposition  that  actually  will 
take  care  of  itself  automatically  in  every  case.  Even 
through  such  an  expedient  it  is  still  possible  that  some 
hard  castings  will  be  produced,  but  this  can  happen  only 
in  the  event  that  the  castings  charged  in  the  oven  are 
of  incorrect  composition;  but  it  will  be  shown  later  that 
the  possibilities  for  occurrences  of  this  kind  are  con- 
tinually growing  less. 

With  the  elimination  of  annealing  troubles  the  indus- 
try will  have  taken  its  longest  step  forward,  the  impor- 
tance of  which  should  be  plain  to  all.  That  I  am  justified 
in  the  statement  that  the  danger  of  faulty  composition 
is  but  slight  in  the  case  of  many  of  the  plants,  and  that 
uniformity  of  product  is  very  consistent  and  under  good 
control,  can  be  shown  by  consideration  of  the  record  of 
some  of  the  plants.  The  performance  is  not  confined  to 
one  or  two,  but  is  attained  by  a  large  number  of  them. 
It  is  true  that  not  all  of  the  plants  have  arrived  at  this 
point  of  excellence.  This  paper  was  prepared  in  part  to 
illustrate  briefly  just  what  has  been  achieved  in  the  way 
of  progress  and  what  may  be  expected  in  the  natural 
course  of  events.  Every  difficulty  that  has  been  encoun- 
tered has  been  fought  to  a  finish  insofar  as  money,  time, 
hard  work  and  available  knowledge  have  made  this  pos- 
sible ;  and  as  soon  as  it  was  felt  that  any  particular  prob- 
lem was  solved,  work  was  started  toward  getting  each 
plant  in  line.  This  procedure  has  been,  and  is,  slow,  but 
it  is  sure  and,  if  the  improvement  thus  far  shown  can 
be  relied  upon  as  indicating  anything  at  all,  the  con- 
clusion safely  can  be  drawn  that,  with  continual  striving 
and  persistent  effort,  the  malleable  iron  casting  should 
feature  strongly  in  automotive  construction. 


TABLE    1 — TEST   DATA   FROM    100    CONSECUTIVE    HEATS 

Plant  A  B  C  D 

Ultimate-Strength,      lb. 

per  sq.  in 55,203     54,442     53,483     52,813 

Elongation  in  2  In.,  per 

cent   20.21       17.30       19.85       16.24 

Best  Bar  Based  on  Ul- 
timate-Strength 
Ultimate-Strength,    lb. 

per  sq.  in 60,678     59,500     57,397     56,900 

Elongation    in    2    In., 

per  cent   27.50       19.00       28.90       17.00 

Best     Bar      Based     on 
Elongation 
Ultimate-Strength,    lb. 

per  sq.  in 58,180     57,000     55,833     53,800 

Elongation    in    2     In., 

per  cent   31.50       28.10       31.50       27.00 

Poorest    Bar    Based    on 
Ultimate-Strength 
Ultimate-Strength,    lb. 

per  sq.  in 49,000     48,000     47,001     46,700 

Elongation    in    2    In., 

per  cent   9.40       12.00       11.71       10.00 

Poorest    Bar    Based    on 
Elongation 
Ultimate-Strength,    lb. 

per  sq.  in 49,000     57,000     50,488     46,800 

Elongation    in    2     In., 
per  cent   9.40       10.90         9.31         7.50 
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The  records  oi    LOO  consecutive  heats  in  the  case  of 

aral  of  the  different  plants  are  tabulated  in  Table  1. 

It  is  believed  that  those  data  are  sufficient  to  indicate  at 

least  that  more  than  reasonable  uniformity  and  efficient 

control  are  possible  ami  practicable.  While  1  trust  that 
the  points  already  covered  will  be  looked  upon  as  perti- 
nent and  of  interest.  I  have  not  lost  Bight  of  the  fat  I  I  hat 
what  the  engineer  particularly  desires  to  have  is  specific 

facts  of  such  a  character  as  will  enable  him  to  decide 
to  what  extent  he  will  be  justified  in  using  the  malleable- 
iron  casting  in  the  construction  of  his  machine.  It  is 
realized  also  that   he  desires  this  information   free   from 

ox  misrepresentation. 

Competing  Materials  for  Casting 

l  am  fully  aware  of  the  present  shortcomings  of  the 
malleable-iron  casting  and  of  the  materials  thai  enter 
Into  competition  with  it.  I  know  the  latter  as  thoroughly 
U  1  believe  I  understand  the  shortcomings  and  merit 
the  product  of  which  I  am  writing.  In  the  case  of  one 
of  the  competitive  products  the  serious  difficulty  is  in 
connection  with  blowholes  and  poor  machinability ;  in 
another  case  the  fact  that  there  may  be  unreliability  be- 
cause the  finished  article  is  but  a  very  small  part  of  a  huge 
mass  of  metal  in  which  segregation  is  possible  and  in 
which  serious  unsoundness  not  ascertainable  except  by 
the  destructon  of  the  part  may  be  present  and  undiscov- 
erable  until  failure  takes  place,  is  coupled  with  the  diffi- 
cuity  of  poor  machinability;  in  a  third  product,  which  is 
an  excellent  one,  the  chief  shortcoming  is  its  limitation 
In  regard  to  the  form  in  which  the  article  can  be  pro- 
duced. These  statements  are  set  forth  with  but  one  idea 
in  mind,  to  bring  out  the  point,  with  which  all  are  fa- 
miliar, that  in  no  case  can  any  product  be  made  perfect, 
nor  does  any  single  product  possess  all  of  the  merits 
that  are  desirable.  In  the  case  of  the  three  competitive 
products  mentioned,  all  of  which  consist  of  steel,  no 
doubt  exists  in  the  mind  of  the  automobile  engineer  as 
he  fact  that  the  metal  per  se  is  excellent  in  those 
-  where  the  composition  is  all  right  and  structural 
imperfections  absent.  However,  the  source  of  supply  is 
a  matter  that  must  be  considered  in  connection  with  these 
products  also,  although  I  believe  that  at  present  this  is 
not  true  to  the  extent  that  obtains  in  connection  with  the 
malleable-iron  casting,  for  which  reason,  as  has  been 
pointed  out  previously,  it  is  absolutely  essential  that  this 
particular  matter  be  given  proper  and  painstaking  con- 
sideration if  these  castings  are  to  be  used.  It  has  been 
inferred  that  in  the  case  of  the  three  competitive  pro- 
ducts the  engineer  is  fully  satisfied  with  the  metal  from 
which  they  are  made,  because  the  metal  is  steel,  and  it  is 
known  that  good  steel  is  excellent,  but  the  fact  is  often 
looked  that  the  quality  of  steel,  in  common  with  all 
other  products,  may  be  inferior. 

Physical  Characteristics 

Let  us  consider  fully  those  physical  characteristics  of 
malleable  iron  with  which  the  engineer  is  chiefly  con- 
cerned. In  Fig.  11  two  different  sets  of  curves  are 
shown.  The  top  curves  cover  ultimate-strength  in  pounds 
per  square  inch  and  the  lower  ones  the  percentage  of 
elongation  in  2  in.  The  broad  line  indicates  in  each  case 
the  requirements  of  the  American  Society  for  Testing 
Materials,  and  the  curves  above  these  show  respectively 
the  average  ultimate-strength  and  the  elongation  of  some 
70  different  plants.  An  inspection  of  these  curves  will 
demonstrate  the  fact  that  for  nearly  4  years  both  the 
average  ultimate-strength  and  the  elongation  of  the  bars 
of  the  plants  referred  to  have  been  far  in  excess  of  the 
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American  Society  for  Testing  Materials  requirements. 
The  curves  indicate  also  the  healthy  progress  that  has 
taken  place  from  year  to  year  under  conditions  that  at 
times  have  been  rather  trying,  in  that  frequently  during 
this  period  it  was  impossible  to  secure  the  materials 
best  suited  to  the  process.  For  the  past  year  the  plants 
have  not  operated  except  at  very  low  capacity,  under 
which  condition  it  is  most  difficult  to  operate  with  the 
ease  that  is  possible  when  the  plants  are  running  at  or 
near  capacity. 

While  these  curves  apparently  indicate  truly  the  actual 
progress  that  has  been  made,  what  they  show  is  mislead- 
ing in  that  they  are  representative  of  the  progress  that 
has  taken  place  among  these  plants  with  an  increase  in 
membership.  A  truer  measure  of  progress  could  have 
been  shown  if  the  results  of  the  original  20  or  more 
plants  that  first  formed  the  body  in  question  had  been 
plotted.  The  reason  for  this  statement  lies  in  the  fact 
that  the  curves  have  been  influenced  continually  by  the 
taking  in  of  new  plants,  the  records  of  which  at  the  start 
and  for  some  time  afterward  obviously  have  served  to 
lower  the  average  record  of  the  entire  body.  To  present 
an  accurate  idea  of  what  certain  individual  plants  are 
doing  and  have  done  consistently  for  a  long  time,  I  will 
quote  from  my  last  report  to  this  group  of  plants,  which 
covers  bars  cast  during  the  month  of  September,  1921. 


TABLE   2- 

-AVERAGE  ULTIMATE-STRENGTH  AND  ELONGATION 

OF  TEST  BARS 

AT   14   PLANTS 

FOR 

SEPTEMBER,  1921 

Ultimate-Strength 

Elongation  in  2  In., 

Plant 

lb 

per  sq.  in. 

per  cent 

A 

59.9  7  f, 

21.45 

B 

59,500 

19.34 

C 

58,945 

19.73 

D 

56,314 

19.78 

E 

56,088 

22.03 

1 

56,030 

19.72 

G 

55,838 

19.65 

H 

55,519 

20.33 

I 

54,929 

19.29 

J 

54,758 

23.00 

K 

54,878 

23.40 

L 

54,107 

23.62 

M 

53,699 

19.11 

N 

50,605 

20.26 

The  average  ultimate-strength  and  elongation,  respec- 
tively, of  14  different  plants  for  bars  cast  during  this 
month  are  shown  in  Table  2.  In  this  same  month  there 
were  eight  other  plants  in  which   the  bars  collectively 
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stood  at  average  ultimate-strength  of  55,137  lb.  per  sq. 
in.  The  lowest  ultimate-strength  in  any  case  was  52,511 
and  the  highest  57,774  lb.  per  sq.  in.;  in  all  cases,  the 
elongation  was  slightly  in  excess  of  18  per  cent. 

The  foregoing  data  are  furnished  with  the  idea  of  pre- 
senting specific  figures.  These  figures  should  remove  any 
doubt  in  connection  with  the  metal  itself.  Bars  that  run 
30  per  cent  elongation  are  in  no  sense  a  surprise,  and  on 
different  occasions  we  have  had  some  that  ran  as  high 
as  35  per  cent.  An  accomplishment  much  more  far- 
reaching  and  important  is  the  fact  mentioned  previously 
that  tests  on  bars  from  consecutive  heats  indicate  that 
uniformity  is  now  the  rule  and  not  the  exception.  Re- 
cent investigations  indicate  that  we  may  hope  for  still 
further  progress  in  this  direction  through  the  use  of 
powdered  coal  for  melting,  a  fuel  that  now  has  been 
adopted  by  a  considerable  number  of  the  plants,  owing 
to  the  ability  of  adjusting  combustion  and  oxidation  con- 
ditions with  greater  refinement.  It  is  believed  that,  so 
far  as  uniformity  is  concerned,  conditions  will  continue 
to  improve.  Remarks  have  already  been  made  in  con- 
nection with  the  annealing  process  and  the  steps  that 
have  been  taken  to  safeguard  this  important  end  of  the 
proposition. 

Elimination  of  Shrinkage 

While  they  are  of  prime  importance,  the  concern  of 
the  producer  of  malleable-iron  castings  today  is  not  in 
connection  with  uniformity  and  annealing,  but  is  di- 
rected almost  wholly  to  the  matter  of  the  elimination  of 


shrinkage.  Much  has  been  learned  as  to  the  most  effi- 
cient methods  of  gating  and  of  heading  the  castings  to 
insure  soundness.  The  assistance  of  automotive  engi- 
neers in  this  direction  is  needed  and  should  be  given 
unstintingly.  Some  automotive  engineers  may  not  be 
aware  that  it  was  decided  several  years  ago  to  issue  a 
certificate  to  those  plants  in  which  the  test-bars  for  the 
month  were  equal  to  or  better  than  the  requirements  of 
the  specification  of  the  American  Society  for  Testing  Ma- 
terials. It  soon  was  discovered  that  some  of  the  mem- 
bers who  were  able  to  qualify  in  this  connection  were 
shipping  castings  that  were  defective  owing  chiefly  to  the 
presence  of  shrinkage,  or  that  were  hard  to  machine  at 
high  speed. 

While  the  test-bar  records  of  heats  certainly  have 
served  a  most  useful  purpose  and  are  indispensable,  it 
was  seen  clearly  that  the  issuing  of  a  certificate  should 
be  based  not  only  upon  the  quality  of  the  metal  per  se 
but  that  steps  should  be  taken  to  put  into  "force  some 
method  whereby  the  soundness  of  the  casting  could  be 
assured,  in  oi'der  that  the  final  granting  of  the  certificate 
would  be  dependent  upon  the  integrity  of  the  castings 
as  well.  With  this  end  in  view  it  was  decided  to  establish 
an  inspection  bureau  that  would  form  part  of  the  engi- 
neer's office,  the  sole  duty  of  which  would  be  to  send  in- 
spectors to  the  various  plants  to  report  to  'is  office  the  ex- 
act conditions  at  each  plant  in  regard  to  castings  hard  to 
machine  and  that  contained  shrinkage  or  other  defects. 
Technically  trained  men  were  selected  for  this  purpose, 
they  having  been  given  a  special  course  in  the  metal- 
lurgy of  the  process  and  an  added  course  in  the  inspec- 
tion of  castings.  The  certificate  is  now  based  not  only 
upon  the  quality  of  the  material  as  determined  by  the 
physical  results  of  the  test-bars,  but  upon  the  conditions 


Annealing  conditions  since  last  visit,  as  shown  by  examination  of  fracture  of  five  wedges 
from  bottom  of  stands  placed  in  corners  and  center  of  kiln. 


Fig.   12 — Views  of  the  Front  and  Back  of  an  Inspector's  Report  Blank 
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at  the  plant  in  regard  to  the  soundness  and  hardness  of 
the  castings. 

The  completeness  with  which  the  inspe<  tors'  work 
must  be  done  can  be  gathered  from  Fig.  12  in  which  the 
obverse  and  reverse  Bides  of  the  form  which  they  are 
required   to  till   in  are  reproduced.     1  thai   the 

provisions   contained    in   this    inspection    form    cover   the 
ground  in  a  complete  manner.     If  the  castings  of  any 
plant  are  shown  OH  one  of  these  reports  to  I  ontain  shrink- 
not  only  is  the  matter  taken  up  from  this  office  bul 
it    is   thoroughly    ventilated    at    the   plant    itself.      It    can 
onjectured  thai  since  the  adoption  of  this  procedure 
the  quality   of  castings   shipped   has   improved   greatly. 
While  this  obviously   has  added  somewhat    to  the  cost   of 
production,  the  sum,  large  as   it   is,   is   rather  inconse- 
quential as  compared  with  the  increased  cosl   that  has 
resulted    through    the    attempt    to    eliminate    shrinkage. 
■jo  it    was  not    unusual  to  obtain  75  per  cent 
f    eastings    from    an    air-furnace   heat,    whereas    todaj 
in  most  of  the  plants  referred  to  this  figure  is  about  50 

per  cent.  Iiecause  of  the  large  heads  and  risers  used. 
Not  only  has  the  cost  of  remelting,  extra  cost  for  sand 
and  the  use  of  larger  tlasks  been  increased  in  conse- 
nuence,  but  it  is  clear  that  air-furnace  capacity  has  been 
lowered  enormously. 

Summary 

In  conclusion,  the  engineer  need  feel  no  anxiety  in  re- 
gard  to  the  metal  that  enters  the  castings  for,  in  this 
particular,  there  is  absolutely  no  question  whatever  but 
that  we  have  arrived.  On  the  other  hand,  he  should  be 
very  watchful  in  connection  with  such  unsoundness  as 
may  result  from  shrinkage.  The  defects,  if  present,  will 
be  found  generally  where  sections  change  abruptly  from 
thin  to  thick;  also  at  heavy  bosses,  where  slight  defects 
obviously  will  do  absolutely  no  harm  unless  the  boss  is  to 
be  bored,  when  they  will  occasion  much  trouble  in  ma- 
chining. Hard  spots  do  not  result  from  segregation,  bu1 
from  shrinkage.  Blowholes,  when  present,  are  rarely  if 
ever  occasioned  by  occluded  gases,  and  they  are  of  rather 
infrequent  occurrence  due  to  any  cause.  There  is  only 
one  case  in  which  castings  are  hard  to  machine  that  the 
trouble  has  resulted  from  lack  of  annealing  temperature 
or  time  at  that  temperature  or  from  too  rapid  cooling, 
and  this  is  when  the  casting  is  hard  to  machine  through- 
out. In  all  other  cases  when  castings  are  hard  to  ma- 
chine, it  will  be  found  that  the  trouble  is  due  to  the 
presence  of  a  more  or  less  hard  surface  skin  that  may  be 
produced  in  other  ways  than  through  lack  of  temperature 
during  the  anneal,  lack  of  time  at  the  annealing  tem- 
perature or  too  quick  cooling.  It  will  be  found  that  be- 
neath this  surface  skin  the  metal  is  soft.     This  trouble. 


as  previously  pointed  out,  results  in  the  greater  number 
of  cases  from  incorrect  composition,  the  evil  effect  of 
which  will  be  exaggerated  by  too  high  a  temperature  oi 
anneal.     At   times,  this  trouble  can  result   from  a  casing 

of  the  surface  through  a  temporary    pot   atmosphere  thai 

is  strongly  reducing. 

A  deep  and  very  soft  decarbonized  skin  also  can  cause 
trouble  in  machining,  due  to  its  very  softness.  It  is  an- 
ticipated thai  all  characters  of  machining  trouble  men- 
tioned will  disappear  with  the  general  installation  of  the 
electric  annealing  methods  alluded  to,  although  this  in 
turn  will  result  in  an  increased  cost  of  production.  It 
has  been  shown  that  little  fear  need  be  anticipated  con- 
cerning a  reasonable  uniformity  in  physical  properties  of 
the  metal  from  heat  to  heat. 

Air-furnace  construction  and  melting  and  the  source 
of  heat  are  being  given  every  possible  consideration. 
In  a  considerable  number  of  the  plants,  carbon-dioxide 
recorders  have  been  installed  and  if  within  a  reasonable 
period  it  is  found  that  this  will  contribute  toward 
greater  uniformity,  these  will  be  adopted  generally. 

First  and  foremost  consideration  should  be  given  the 
source  of  supply.  Be  very  suspicious  of  the  plant  that 
radically  underbids  another  from  which  a  satisfactory 
product  has  been  received.  Based  upon  prices,  f.o.b. 
plant,  there  exists  no  royal  road  in  the  matters  of  cost 
of  metal,  molding  and  overhead  for  castings  that  are 
sound. 

It  is  only  through  the  exercise  of  the  greatest  inge- 
nuity in  molding  practice  and  the  use  of  much  unneces- 
sary metal  that  a  sound  casting  can  be  produced  from 
an  incorrectly  designed  pattern.  Even  through  the  em- 
ployment of  the  greatest  molding  skill  available  and  the 
use  of  very  heavy  risers  and  heads,  patterns  are  in  ex- 
istence from  which  no  human  being  could  obtain  a  sound 
casting,  except  perhaps  at  prohibitory  cost.  Cooperation 
can  remedy  this  situation. 

There  exists  no  ferrous  product  having  any  ductility 
whatsoever  that  can  be  machined  with  anywhere  near  the 
speed  of  the  malleable-iron  casting.  It  is  the  cost  of  the 
finished  and  not  of  the  raw  casting  that  counts.  Repre- 
sentatives of  70  different  plants  are  meeting  in  all-day 
sessions  every  month  to  discuss  possibilities  of  plant  im- 
provement and  works  practice.  Other  meetings  are  held 
incidentally.  A  large  metallurgical  engineering  force  is 
employed,  well  equipped  chemical  and  physical  laborato- 
ries are  provided  and  money  is  lavishly  expended  in  any 
direction  that  gives  promise  of  improving  works'  prac- 
tice in  any  direction.  Research  is  continually  in  prog- 
ress. It  should  be  expected  that,  in  the  natural  course 
of  events,  such  serious  and  indefatigable  work  will  result 
in  a  still  greater  improvement  of  the  product. 


s 


BALLOON  INSTRUMENTS  AND  METHODS 

OME    of   the    instruments   and    methods    used    in    piloting 


Bennett  race  are  described  as  follows  in  Leslie's  Weekly  by 
Ralph  Upson,  who  piloted  the  balloon  and  won  third  place  in 
the  race,  traveling  a  distance  of  664  km.   (412.59  miles) 

Our  only  important  instruments  were  an  ordinary  watch; 
a  barograph  for  indicating  and  recording  the  altitude;  a 
"feeler"  for  maintaining  equilibrium;  a  "navigator"  for  ob- 
taining horizontal  direction  and  speed:  and  a  "sounder"  for 
investigating  currents  at  other  levels.  The  three  last-named 
of  these  instruments  were  entirely  original  so  far  as  I  know. 
and  were  a  wonderful  help  in  handling  the  balloon,  simply 
because  they  made  our  knowdedge  of  its  movements  more 
reliable  and  exact.     The  feeler  enabled  us  to  get  results  with 


a  minimum  expenditure  of  ballast  and  gas,  by  indicating 
promptly  any  forces  affecting  our  equilibrium.  This  instru- 
ment will  undoubtedly  become  standard  equipment  for  air- 
ships as  well  as  free  balloons.  With  the  navigator  we  could 
quickly  figure  our  actual  direction  and  speed  whenever  we 
could  see  a  stationary  object  below  and  knew  our  altitude 
above  it. 

The  most  important  part  of  our  sounding  apparatus  con- 
sisted of  a  small  rubber  balloon  filled  with  hydrogen  gas  and 
let  up  on  a  string  to  a  point  1000  ft.  above  the  main  balloon. 
Simple  though  it  was  in  principle,  it  was  made  possible  for 
the  first  time  in  this  race  owing  to  the  discovery  of  a  new 
type  of  "pilot-balloon,"  that  held  gas  several  hundred  per 
cent  better  than  any  we  had  tried  before. 
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take  on  a  given  case-depth  in  10  per  cent  less  time  than 
chrome-nickel  steel ;  also,  there  will  be  a  resultant  aver- 
age increase  in  Shore  hardness  of  from  five  to  seven 
points. 

In  spite  of  the  fact  that  we  have  not  received  any 
complaints  with  regard  to  failures  of  case-hardened  parts 
of  chrome-molybdenum  steel,  and  I  feel  assured  we  will 
not  in  the  future,  we  have  seen  fit  to  discontinue  this 
•  particular  grade  for  this  particular  purpose.  Chrome- 
nickel  steel  apparently  still  holds  the  first  place  among 
commercial  steels  for  case-hardening  of  important  parts, 
but  it  is  the  opinion  that  nickel-molybdenum  steel  will 
be  a  serious  contender.  At  present  we  have  a  heat  of 
approximately  100,000  lb.  of  nickel-molybdenum  steel 
of  the  following  analysis:  Carbon  0.130,  manganese 
0.380,  sulphur  0.022,  phosphorus  0.020,  nickel  1.580  and 
molybdenum  0.200.  This  material  is  being  made  into 
gears,  knuckle-pins  and  the  like.  It  is  stated  that  this 
steel  should  prove  a  serious  contender  with  chrome- 
nickel  steel  for  case-hardening  purposes,  because  of  its 
ability,  in  the  hot-rolled  condition,  to  harden  in  oil  after 
carbonizing.  This  statement  may  not  be  wholly  clear  to 
some,  but  it  is  a  fact  that  a  piece  of  hot-rolled  steel  of 
a  given  composition  after  carbonizing  will  not  harden 
in  oil  to  the  degree  that  a  piece  of  the  same  composition 
will  if  first  subjected  to  forging. 

The  steering-knuckle  pin  has  been  one  of  our  prob- 
lems. This  pin  is  made  from  ys-in.  round  hot-rolled 
stock  and  from  alloy  steel.  It  is  case-hardened  and  a 
Shore  hardness  of  70  is  required  after  final  grinding.  It 
always  has  been  necessary  to  water-harden  this  piece, 


irrespective  of  the  type  of  steel  we  use  and,  as  a  result, 
there  is  always  a  certain  percentage  of  loss  due  to 
straightening.  To  illustrate,  in  one  lot  of  1949  nickel- 
molybdenum  pins  carbonized  and  hardened  in  oil,  only 
10  fell  below  75  above  hardness,  none  was  lost  in 
straightening  or  because  of  softness  after  final  grind- 
ing. This  we  think  is  a  remarkable  record  in  view  of 
the  fact  that  chrome-nickel,  chrome-vanadium,  chrome- 
molybdenum  and  S^-per  cent  nickel  steels  have  all  been 
tried  without  success. 

To  summarize  this  portion  of  the  subject  briefly,  our 
observations  lead  us  to  believe  that,  for  carbonizing  pur- 
poses, chrome-molybdenum  steels  should  prove  entirely 
satisfactory  for  parts  in  which  hardness  alone  is  the 
chief  factor,  but  should  be  considered  carefully  before 
being  used  for  important  parts  in  which  combined  tough- 
ness and  hardness  are  requisite,  such  as  gears,  steering- 
knuckle  pins  and  the  like. 

The  results  thus  far  obtained  with  nickel-molybdenum 
steel  are  very  satisfactory  in  every  way  when  compared 
with  chrome-nickel  steel,  with  the  added  advantage  of  the 
greater  hardness  that  can  be  obtained  from  an  alloy-steel 
of  the  former  type. 

There  are  many  more  details  that  could  be  added  to 
the  above,  but  I  feel  that  they  might  serve  to  confuse 
rather  than  enlighten  those  desiring  a  frank  statement 
of  conditions  pertaining  to  two  important  grades  of 
chrome-molybdenum  steel.  In  connection  with  the  oil- 
hardening  and  spring  steels  we  are  at  present  in  the 
midst  of  exhaustive  investigation,  but  are  not  yet  in  a 
position  to  express  an  opinion. 


THE  ATOMS 


AT  present  we  have,  I  think,  to  accept  it  as  a  fact  that  the 
atoms  consist  of  a  positively  charged  nucleus  of  minute 
size,  surrounded  at  a  fairly  respectful  distance  by  the  number 
of  electrons  requisite  to  maintain  the  structure  electrically 
neutral.  The  nucleus  contains  all  but  about  1/2000  part  of 
the  mass  of  atom,  and  its  electric  charge  is  numerically  equal 
to  that  of  the  negative  electron  multiplied  by  what  is  called 
the  atomic  number  of  the  atom,  the  atomic  number  being 
the  number  that  is  obtained  when  the  chemical  elements  are 
enumerated  in  the  order  of  the  atomic  weights;  thus  hydro- 
gen— 1,  helium — 2,  lithium — 3,  and  so  on.  Consequently  the 
number  of  external  electrons  in  the  atom  is  also  equal  to 
the  atomic  number. 

The  diameters  of  the  nuclei  of  the  atoms  are  comparable 
with  0.000000000001  cm.  and  the  problem  of  finding  what  lies 
within  the  interior  of  such  a  structure  seems  at  first  sight  al- 
most hopeless.  It  is  to  this  problem  that  Rutherford  has  ad- 
dressed himself  by  the  direct  method  of  bombarding  the 
nuclei  of  the  different  atoms  with  the  equally  minute  high- 
velocity  helium  nuclei,  alpha-particles,  given  off  by  any 
radioactive  substances,  and  examining  the  tracks  of  any  other 
particles  that  may  be  generated  as  a  result  of  the  impact. 
A  careful  and  critical  examination  of  the  results  shows  that 
hydrogen  nuclei  are  thus  expelled  from  the  nuclei  of  a  num- 
ber of  atoms  such  as  nitrogen  and  phosphorus.  On  the  other 
hand,  oxygen  and  carbon  do  not  eject  hydrogen  under  these 
circumstances,  although  there  is  ample  and  uneontrovertable 
evidence  in  the  case  of  oxygen  and  nitrogen  of  the  expulsion 
of  other  sub-nuclei,  the  precise  nature  of  whose  structure 
is  a  matter  for  further  inquiry. 


The  artificial  transmutation  of  the  chemical  elements  is 
thus  an  established  fact.  The  natural  transmutation  has,  of 
course,  been  familiar  for  some  years  to  students  of  radio- 
activity. The  philosopher's  stone,  one  of  the  alleged  chimeras 
of  the  mediaeval  alchemists,  is  thus  within  our  reach.  But 
this  is  only  part  of  the  story.  It  appears  that  in  some  cases 
the  kinetic  energy  of  the  ejected  fragments  is  greater  than 
that  of  the  bombarding  particles.  This  means  that  these 
bombardments  are  able  to  release  the  energy  that  is  stored  in 
the  nuclei  of  atoms.  Now,  we  know  from  the  amount  of  heat 
liberated  in  radioactive  disintegration  that  the  amount  of 
energy  stored  in  the  nuclei  is  of  a  higher  order  of  magnitude 
altogether,  some  millions  of  times  greater,  in  fact,  than  that 
generated  by  any  chemical  reaction  such  as  the  combustion 
of  coal.  In  this  comparison,  of  course,  it  is  the  amount  of 
energy  per  unit  mass  of  reacting  or  disintegrating  matter 
that  is  under  consideration.  The  amounts  of  energy  that  have 
thus  far  been  released  by  artificial  disintegration  of  the 
nuclei  are  in  themselves  small,  but  they  are  enormous  in 
comparison  with  the  minute  amounts  of  matter  affected.  If 
these  effects  can  be  sufficiently  intensified  there  appear  to  be 
two  possibilities.  Either  they  will  prove  uncontrollable,  which 
would  presumably  spell  the  end  of  all  things,  or  they  will 
not.  If  they  can  be  both  intensified  and  controlled,  then  we 
shall  have  at  our  disposal  an  almost  illimitable  supply  of 
power  that  will  entirely  transcend  anything  hitherto  known. 
It  is  too  early  yet  to  say  whether  the  necessary  conditions  are 
capable  of  being  realized  in  practice. — Prof.  O.  W.  Richard- 
son, president,  Mathematics  and  Physics  Section  of  the  Brit- 
ish Association. 
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Bomb  Dropping 


A  SUBMARINE  ia  necessarily  a  nail  target 

from  the  air,  bu1  nol  so  i  i  i  ind  battle- 

ships and  the  resulting  risk  i"  ti  r  is  bo 

much  the  greater.  To  many  persons,  as  examination 
of  t lie  patent  records  makes  abundantly  i  ir,  the  prob- 
lem of  hitting  a  target  is  regarded  a-  .•,!  it"  the  air- 
man can  manage  to  release  his  bomb  al     he  moment  ho 

artalns  himself  to  be  precisely  over  th  arget.  In 
reality  this  is  about  the  best  way  of  making  it  absolutely 
certain  that  the  bomb  will  miss  its  mark. 

If  an  airman  tlies  his  machine  on  a  steady  course  and 
at  some  given  moment  releases  a  bomb,  he  will  notice 
that  it  remains  vertically  below  him  until  such  time  as  it 
strikes  the  sea,  taking  about  %  min.  to  fall  from  10,000 
ft.  In  other  words,  it  will  appear  to  him  to  fall  in  a 
vertical  straight  line.  The  effect  of  air  resistance  is 
small  and  not  readily  noticeable  to  the  eye.  But  it  must 
be  recollected  that  this  line,  though  vertical  is  not  sta- 
tionary but  is  moving  with  the  airplane;  hence  a  sur- 
face object  that  is  in  this  vertical  line  at  the  moment  of 
release  will  not  be  in  the  vertical  from  the  aircraft  at 
the  later  instant  when  the  bomb  reaches  the  sea  level. 
In  fact  the  distance  apart  of  these  two  lines  will  be 
given  by  the  product  of  the  time  of  fall  of  the  bomb  by 
the  speed  of  the  airplane  over  the  sea.  With  a  time  of 
fall  of  30  sec.  and  a  speed  of  100  m.p.h.  this  distance  is 
over  %  miles;  evidently  therefore  if  the  bomb  is  to  hit 
the  target  it  needs  to  be  released  30  sec.  before  the  air- 
craft reaches  the  point  vertically  over  the  target;  and 
the  aircraft  must  be  pointed  in  precisely  the  right  direc- 
tion, or  else  the  bomb  will  fall  to  the  right  or  left  of . 
the  target. 

There  are,  then,  two  main  errors  to  be  guarded  against; 
one  due  to  releasing  the  bomb  either  too  early  or  too 
late,  and  so  either  undershooting  or  overshooting  the 
target,  and  the  other  due  to  the  aircraft  not  pointing  in 
precisely  the  correct  direction,  so  that  the  bomb  misses 
the  target  by  falling  to  one  side  or  the  other.  The 
former  error  can  be  guarded  against  by  using  a  sighting 
device  to  indicate  the  precise  moment  for  release,  and 
the  latter  by  the  pilot  paying  close  attention  to  the  steer- 
ing of  the  craft. 

Design  of  Sights 

An  observer  on  the  ground  would  not,  perhaps,  notice 
that  the  path  of  the  bomb  was  one  that  must  appear 
vertical  as  seen  from  the  aircraft.  Observing  the  motion 
of  the  bomb  against  a  stationary  background,  he  would 
describe  its  path  as  curved,  in  fact  as  parabolic  It  is 
this  parabolic  path  that  to  a  ground  observer,  seems  to 
make  for  complication  in  judging  the  correct  moment 
for  release;  but  any  sighting  device  will  be  fixed  to  the 
aircraft  and  carried  with  it,  so  that  for  the  devising  of 
a  suitable  sight  the  important  thing  is  the  trajectory 
as  seen  from  the  aircraft  and  not  as  viewed  from  the 
ground. 

In  designing  such  a  sight  it  is  simplest  to  regard  the 
motion  of  the  bomb  relative  to  the  earth  as  made  up  of 
two  components;  the  motion  of  the  bomb  relative  to  the 
aircraft,  which  is  gradually  increasing  velocity  in  a 
vertical  straight  line,  and  the  motion  of  the  aircraft 
relative  to  the  ground.  The  addition  of  these  two  by  the 
usual  triangle  of  velocities  gives  the  motion  of  the  bomb 
relative  to  the  target,  and  if  when  the  closing  side  of 
the  triangle  points  at  the  target  the  bomb  is  released  it 


e*z- 
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will  hit  the  target,  provided  that  the  pilot  is  steering  a 
correct  course. 

Estimation  of  Ground  Speed 

The  average  speed  of  the  bomb  relative  to  the  aircraft 
is  easily  computed  since  it  is  always  equal  to  four  times 
the  square  root  of  the  height  measured  in  feet.  Thus 
for  a  height  of  fall  of  10,000  ft.  the  mean  vertical 
velocity  of  the  bomb  is  400  ft.  per  sec.  The  velocity  of 
the  aircraft  relative  to  the  earth  is  more  difficult  to  esti- 
mate. It  is  made  up  of  two  parts;  its  velocity  relative 
to  the  air  and  the  velocity  of  the  air  relative  to  the  earth, 
which  is,  of  course,  the  wind.  If  an  aircraft  is  flying 
through  the  air  at  100  m.p.h.  and  the  wind  has  a  velocity 
of,  say  40  m.p.h.  in  the  opposite  direction,  the  speed  of 
the  aircraft  over  the  ground  which  is  commonly  called 
the  ground  speed  will  be  but  60  m.p.h.  whereas  if  the 
wind  were  behind  the  airplane  its  ground  speed  would 
be  140  m.p.h.  In  the  earlier  days  of  bombing  it  was 
usual  to  drop  bombs  up-wind,  occasionally  to  drop  them 
down-wind,  and  never,  intentionally,  to  attack  across  the 
wind.  The  speed  through  the  air  is  given  by  the  air- 
speed indicator,  corrected  so  far  as  is  necessary  for  the 
loss  of  air  density  with  the  altitude,  but  there  is  no  dial 
on  the  aircraft  that  can  give  the  velocity  of  the  wind. 
On  the  other  hand,  it  is  possible  by  using  a  stop-watch 
to  determine  the  ground  speed  by  watching  the  rate  of 
slipping  away  of  the  ground  immediately  below.  For 
instance,  it  is  easy  to  note  the  time  taken  for  some 
ground  object  to  pass  from  a  point  where  it  is  45  deg. 
ahead  of  the  vertical  to  a  point  when  it  is  directly  below; 
in  this  time  the  aircraft  must  have  moved  a  horizontal 
distance  equal  to  its  height,  and,  by  dividing  this  by  the 
time  taken,  a  measure  of  the  ground  speed  is  at  once 
obtained.  Then  with  a  knowledge  of  the  ground  speed 
and  the  mean  vertical  velocity  of  the  bomb,  the  triangle 
of  velocities  can  be  set  up  in  a  linkwork,  and  an  ele- 
mentary form  of  bomb-sight  provided.  Such  a  sight 
would  have  its'  fore-sight  moved  along  a  horizontal  scale 
of  ground  speeds  and  its  back-sight  along  a  vertical  scale 
of  altitudes,  the  distance  being  marked  off  to  the  square 
root  of  the  altitude. 

Simplified  Methods 

A  most  ingenious  simplification  of  this  procedure  was 
introduced  by  Bourdillon  in  what  was  known  as  the 
C.F.S.  sight.  In  this  the  distance  timed  over  was  not 
equal  to  the  altitude,  but  was  proportional  to  its  square 
root.  The  arrangement  can  be  shown  algebraically  to 
lead  to  two  very  useful  results;  one  that  no  calculations 
need  be  made  and  the  other  that  the  back-sight  can  be 
left  fixed  and  only  the  fore-sight  need  be  moved.  An 
almost  contemporaneous  invention  was  the  equal-distance 
sight  associated  in  England  with  the  name  of  Scarff.  In 
this  a  reversing  stop-watch  was  used ;  at  the  first  pressure 
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of  the  knob  the  watch  hand  started,  at  the  second  it  re- 
versed its  direction,  and  at  the  third  it  sprang  back  to 
zero. 

The  diagram  at  the  left  of  the  accompanying  illustra- 
tion explains  the  procedure.  Let  a  be  an  airplane  flying 
over  the  ground,  and  let  6  c  equal  c  d.  Then  if  the  stop- 
watch be  started  when  some  object  on  the  ground  is 
sighted  along  the  line  a  d  that  is  when  the  object  bears 
at  the  angle  bad  ahead  of  the  vertical,  and  is  reversed 
when  the  object  has  reached  the  point  c,  the  watch  hand 
will  have  exactly  got  back  to  zero  by  the  time  the  ground 
object  has  reached  6,  the  point  vertically  below  the  air- 
plane. Now  to  hit  the  target  the  bomb  must  be  dropped 
the  same  number  of  seconds  before  the  target  reaches  b 
as  it  takes  for  the  bomb  to  fall  from  o  to  b.  Hence  if 
a  series  of  marks  be  put  on  the  watch  dial  at  times  equal 
to  the  time  of  fall  at  various  heights,  the  moment  at 
which  to  release  the  bomb  is  when  the  reversed  watch 
hand  has  come  opposite  the  mark  corresponding  to  the 
altitude  of  flight.  Thus  the  moment  to  release  is  indi- 
cated by  watching  the  watch,  and  not,  as  in  the  C.F.S. 
sight,  by  watching  the  target.  This  sight  is  of  special 
advantage  for  use  at  sea,  as  it  can  be  set  by  observations 
of  the  target  itself  even  if,  as  frequently  is  the  case,  the 
latter  is  a  ship  under  way.  By  sighting  on  the  moving 
ship  instead  of  on  a  fixed  object  on  the  earth  the  neces- 
sary allowance  is  automatically  made  for  the  ship's  own 
motion. 

Drift  Bomb-Sights 

Difficulty  arises,  however,  in  making  careful  observ- 
ations in  the  excitement  of  an  attack,  and  if  it  be  desired 
to  avoid  altogether  the  use  of  a  stop-watch,  an  alternative 
procedure  is  offered  by  the  use  of  the  drift  bomb-sights 
developed  by  Wimperis.  If  an  airplane  be  deliberately 
flown  across  the  wind,  the  direction  of  the  apparent  drift 
of  earth  objects  will  be  inclined  to  the  fore-and-aft  of 
the  craft.  This  angle  is  called  the  angle  of  drift.  Its 
amount  is  clearly  proportional  to  the  wind  velocity;  in 
fact,  its  tangent  is  given  by  the  wind  velocity  divided 


by  the  air  speed.  A  sight  can  therefore  be  devised  in 
which,  by  setting  a  drift  bar  parallel  to  the  earth  drift 
when  flying  across  wind,  the  foresights  for  up  and  down- 
wind bombing  are  automatically  set  to  their  true  position 
and  the  actual  velocity  of  the  wind  can  be  read  off  a  scale. 
Equally,  of  course,  if  the  velocity  of  the  wind  be  given, 
it  is  possible  to  set  the  sight  without  any  drift  ob- 
servations at  all. 

To  bomb  precisely  up  or  down  wind  is,  however,  not 
so  simple  as  it  sounds.  If,  for  example,  an  attempt  at 
up-wind  bombing  be  made,  but  the  course  chosen  is 
somewhat  inclined  to  the  wind,  the  target  will  be 
missed.  Thus  if  in  the  drawing  at  the  right  e  f  be  the 
air  speed  and  /  g  the  wind,  the  airplane  and  the  bomb 
will  follow  the  line  e  g  and  not  the  line  e  /.  Hence  the 
bomb  will  fall  much  to  the  left  of  the  target.  A  later 
modification  of  the  drift  bomb-sight  provided  for  this  by 
enabling  the  sight  to  be  accurately  set  even  when  the 
flight  path  is  not  strictly  parallel  to  the  wind.  Once  this 
is  done  there  is  no  need  to  bother  to  fly  parallel  to  the 
wind.  The  airman  is  free  to  fly  in  any  direction  relative 
to  the  wind  he  pleases,  and  nevertheless  the  sight  is  al- 
ways automatically  set  to  the  correct  sighting  position. 
This  is  especially  of  advantage  when  attacking  moving 
targets,  usually  moving  so  as  to  make  it  intentionally 
difficult  for  the  airman,  and  still  more  so  when  operating 
against  disappearing  targets  like  submarines,  when  there 
is  no  time  to  maneuver  for  up  and  down-wind  positions, 
since  the  attack,  if  made  at  all,  must  be  along  the  very 
shortest  route  to  the  target. 

The  art  of  bombing,  complicated  as  it  necessarily  is 
by  the  great  complexity  and  the  variability  of  the  fac- 
tors that  enter  into  it,  is  nevertheless  one  in  which  the 
use  of  uptodate  sighting  instruments  affords  the  same 
sort  of  aid  as  modern  gun-sights  afford  to  naval  gunnery. 
But  the  problem  in  the  air  tends  to  be  the  more  trouble- 
some to  deal  with  by  reason  of  the  irregular,  and  some- 
times violent  motion  of  the  relatively  small  craft  in  which 
the  instruments  are  carried. — Engineering  Supplement 
of  The  Times  (London). 


MECHANICAL  INSPECTION  IN  EXPORT  TRADE 


AFTER  having  spent  several  months  in  the  foreign  field 
as  a  traveling  technical  representative  for  an  Amer- 
ican motor-car  company  I  feel  that  there  is  one  matter  in 
connection  with  automotive  manufacturing  applying  to  ex- 
port products  that  can  be  better  handled  by  the  engineers, 
namely,  mechanical  inspection.  In  preparing  these  products 
for  export,  the  fact  that  the  cars  may  travel  many  thousand 
miles  before  they  reach  their  destination  and  .in  this  travel 
be  subjected  to  conditions  entirely  foreign  to  any  existing 
throughout  our  domestic  territories  must  be  given  serious 
consideration.  Upon  arrival  at  destination,  these  cars  are 
set-up  by  men  who  perhaps  are  not  thoroughly  competent,  or 
lack  the  necessary  equipment  to  do  proper  work.  Therefore, 
it  behooves  American  manufacturers  to  pay  special  atten- 
tion to  the  inspection  of  goods  destined  for  the  export  trade. 
Great  care  should  be  taken  in  the  final  inspection  of  engines, 
electrical  apparatus,  the  clutch,  the  transmission  and  the  rear 
axle,  as  these  parts  frequently  arrive  in  the  foreign  field  in 
defective  condition. 

Many  times  I  have  seen  new  engines  torn-down  that 
showed  conclusively  the  abuse  and  carelessness  of  some  final 
inspector  at  the  factory,  the  connecting-rod  bearings  being 
loose  and  it  being  evident  that  the  engine  in  its  final  block- 
test  had  been  negligently  handled  and  forwarded  in  bad  con- 
dition. Electrical  appliances  arrive  out-of-line  due  to  im- 
proper mounting,  and  there  are  short-circuits  that  are,  in 
the   majority   of   cases,   due   to    carelessness   in    wiring.     In 


some  instances  generators  and  motors  are  affected  by  the 
change  in  climatic  conditions.  Such  cases  can  be  remedied 
only  by  close  study  and  building  to  counteract  the  particular 
extraordinary  conditions. 

It  is  surprising  to  know  that  many  cars  are  received  with 
clutches  out-of-line  or  not  properly  adjusted,  involving  a 
great  amount  of  work  by  the  foreign  distributers.  Trans- 
missions and  rear  axles  are  a  considerable  source  of  trouble, 
their  bearings  being  improperly  fitted  or  the  meshing  of  the 
gears  being  incorrect. 

These  conditions  have,  and  if  not  obviated  will  continue  to 
have,  a  marked  adverse  effect  on  the  sale  of  American  motor 
cars  in  foreign  countries,  as  the  foreign  buyer  does  not  ac- 
cept excuses  readily.  Before  the  war  he  was  more  familiar 
with  European  cars  that  are  carefully  tried-out  before  ship- 
ment, such  adjustments  as  are  necessary  being  made  at  the 
factory  instead  of  permitting  the  car  to  be  forwarded  and 
the  chances  taken  of  adjustment  at  destination  under  unfa- 
vorable conditions.  The  American  motor  car  has  gained 
great  popularity  in  the  foreign  field,  but  to  hold  this  favor, 
greater  care  must  be  exercised  in  final  inspection,  as  our 
European  competitors  are  taking  advantage  of  each  and 
every  one  of  our  errors. 

My  remarks  do  not  apply  to  any  one  company,  but  to  the 
automobile  export-trade  in  general.  The  engineers  should 
institute  a  far  more  rigid  final  inspection  than  has  existed 
in  the  past  in  their  respective  factories. — Harry  F.  White. 
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Total  Sensible  Heats  of  Engine  Fuels 
and  Their  Mixtures  with  Air 


By  Robert  E.  Wilson'  and  Daniel  P   B  uta  win.  Hh 


lllunlralal  with  Diagram  and  Chum- 


THIS  article  describes  certain  approximate  methods 
used  by  the  Research  I  of  Applied  Chem- 

iatrj  Massachusetts  Institute  of  Technology  in 

determining  the  total  sensible  heat  .  of  Socony 

internal-  "  engine  gasoline  and  and 

their  mixtures  with  air  at  temperatures  up  to  500  deg. 
rent.  (932  deg.  fahr.).  The  resulting  data  are  presented 
in  such  form  as  to  make  it  readily  possible  to  calculate, 
with  sufficient  accuracy  for  all  practical  purposes,  the 
Itant  temperature  of  an  air-fuel  mixture,  knowing 
the  temperature  of  the  two  constituents  before  mixing. 
Combined  with  the  data  on  the  dew-points  of  various 
fuel-air  mixtures,  this  information  is  verj  valuable  in 
determining  the  proper  conditions  for  securing  a  com- 
pletely vaporized  mixture  of  air  and  fuel  in  various 
types  of  carbureter  and  heated  manifolds.  The  results 
also  indicate  that  the  net  effect  of  the  compression 
stroke  in  an  engine  is  to  vaporize,  rather  than  condense, 
the  fuel  and  hence  that  the  most  difficult  problem  in 
connection  with  the  vaporization  of  the  fuel  is  to  secure 
distribution. 

A  FEATURE  that  is  of  paramount  importance  to  the 
efficient  operation  of  an  internal-combustion 
engine,  especially  of  the  high-speed  type  used  in 
motor  cars,  is  the  securing  of  a  uniform  mixture  of  fuel 
and  air  in  the  proper  proportions  before  distribution  to 
the  cylinders.  The  only  reasonably  practicable  way  of 
accomplishing  this  seems  to  be  in  having  the  fuel  nearly. 
or  preferably,  completely  vaporized.  To  vaporize  present 
commercial  gasoline  or  any  less  volatile  fuels  completely, 
it  is  necessary  to  add  some  heat  from  external  sources.' 
It  is  possible  to  secure  satisfactory  vaporization  by  any- 
one or  more  of  three  methods,  which  may  be  classed  as 
follows : 

(1)  Atomization  of  cold  fuel  into  heated  air 

(2)  Atomization  of  cold  fuel  into  cold  air  followed 
by  heating  the  resulting  mixture  in  the  manifold. 
The  "hot-spot"  aids  vaporization  partly  by  heating 
the  mixture  as  a  whole,  but  to  a  greater  extent  by 
throwing  the  uncondensed  drops  onto  the  heated 
manifold  surface  and  vaporizing  the  liquid  directly 

(8)  Injection  of  the  fuel  as  a  superheated  vapor  into 
cold  air 

The  first  two  methods  are  frequently  combined  in  the 
use  of  the  hot-spot  in  conjunction  with  a  preheater.  These 
methods  suffer  from  a  fundamental  defect  in  that  it  has 
been  found  necessary  to  superheat  the  air  or  mixture 
iderably  above  its  theoretical  dew-point  in  order  to 
rize  the  fuel  completely  in  the  short  time  available. 
This  results  in  a  decreased  volumetric  efficiency  coupled 
with  an  increased  tendency  toward  knocking.     The  last 

rector  research  laboratory  of  applied  chemistry.  Massachusetts 
Institute  of  Technology.  Cambridge.  Mass. 

Massachusetts  Institute  of  Technology,  Cam- 
bridge. Mas. 

•A  discussion  of  this  subject  will   be  found   in   a  paper  by  the 
authors  entitlrd  Condensation  Temperatures  of  Gasoline  and  Kero- 
sene-Air Mlxtums.  which  was  published  In  The  Journal.  November. 
.  p    313. 

•See  Journal  of  Industrial  and  Engineering  Chemistry,  vol.  12, 
p.   1 197. 

•See  American  Chemical  Journal,  vol.  28,  p.  K6  ;  Journal  of  In- 
dustrial and  Engineering  Chemistry,  vol.  6,  p.  727,  and  Zeitschrift 
fur  Anocwandtc  Chcmie,  vol.  12.  p.  621. 


method,  however,  starts  from  the  other  side  of  equi- 
librium and  therefore  is  theoretically  the  best  means  of 
securing  the  proper  mixture,  as  it  is  necessary  to  heat 
the  vaporized  fuel  only  to  such  a  temperature  that  the 
resulting  mixture  will  be  approximately  at  the  dew-point. 
Indeed,  experimental  results  in  this  laboratory  and  else- 
where have  shown  that  the  mixture  prepared  by  this 
method  may  be  as  much  as  •".(>  to  35  per  cent  condensed 
before  the  distribution  is  seriously  affected,  even  in  a 
poorly  designed  manifold,  because  the  extremely  small 
particles  formed  by  the  rapid  condensation  of  the  super- 
heated vapor  do  not  tend  to  separate  readily  from  the 
air-stream.  The  particles  then  produced  are,  at  least  for 
the  first  few  moments  after  condensation  begins,  far 
smaller  than  those  obtained  by  the  best  methods  of  atom- 
izing a  liquid. 

The  practical  application  of  the  third  method  requires 
fairly  accurate  data  on  two  subjects;  (a)  the  dew- 
points  of  various  fuel-air  mixtures;  and  (6)  the  specific 
heats,  or  rather,  the  total  sensible  heats,  of  the  fuels  at 
high  temperatures.  The  data  on  dew-points  have  been 
covered  in  the  article  previously  mentioned.  It  is  the  pur- 
pose of  this  article,  therefore,  to  cover  only  the  subject 
of  specific  and  total  sensible  heats. 

A  survey  of  the  available  literature  failed  to  yield  any 
data  on  specific  heats  of  paraffin  hydrocarbons  at  the 
high  temperatures  required.  Practically  the  only  work 
done  along  these  lines  indicated  that  up  to  100  deg.  cent. 
(212  deg.  fahr.)  the  specific  heat,  averaged  for  a  large 
number  of  petroleum  distillates  in  the  liquid  state,  could 
be  represented  with  a  fair  degree  of  accuracy  by  the 
equation  modified  from  Bushong  and'  Knight* 


where 


CP  —  0.5000  +  0.0008  t 


Cp=  specific  heat  at  constant  pressure 
t  =  temperature  in  degrees  centigrade 

Other  data"  indicate  that  the  specific  heat  at  room  tem- 
perature of  light  petroleum  distillates  is  very  close  to 
0.5.  Such  data  as  are  available  indicate,  as  do  the 
vapor-pressure  curves,  that  the  specific  heats  of  the  liquid 
and  the  vapor  are  substantially  equal  over  the  tempera- 
ture range  involved. 

While  the  existing  data  on  the  heats  of  vaporization  of 
hydrocarbons  are  variable,  as  is  shown  in  Table  1,  it  is 
nevertheless  possible  by  combining  these  data  with 
Trouton's  rule  that  the  heat  in  calories  required  to  vapor- 
ize one  molecular  weight  in  grams  of  a  non-associated 
liquid  is  equal  to  20.5  times  the  temperature  of  the  boil- 
ing point  in  degrees  centigrade  absolute,  which  is  known 
to  hold  quite  well  for  hydrocarbons,  to  derive  fairly  satis- 
factory values  for  gasoline  and  kerosene. 

For  this  work,  the  best  values  for  the  heats  of  vapori- 
zation were  chosen  as  60  calories  per  gram  for  Socony 
kerosene,  the  average  boiling  point  of  which  corresponds 
to  dodecane,  and  70  calories  per  gram  for  Socony  gaso- 
line, the  average  boiling  point  of  which  corresponds  to 
octane.  These  figures  represent  a  sufficiently  good 
approximation  for  present  purposes. 


65 


Vol.  X 


6(5 


January,  l^Z 


No.  1 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


TABLE    1 — HEATS   OF   VAPORIZATION    OF    HYDROCARBONS    IN    CALORIES  PER  GRAM 


Hexane 

Heptane           Octane 

Nonane 

Decane 

Undecane 

Dodecane                Source 

C«H„ 

C;Hi«                           CsHis 

CaH;o 

CioH-> 

C«H  . 

79.4 

74.1                  71.1 

60.8 

Maybery  &  Goldstein 

63.54 

63.1 

62.0 

60.0          Syniewski 

74.0 

60.0          Ricardo       • 

81.6 

74.5                  71.5 
65.3 

67.5 

64.5 

61.4 

59.0          Trouton's  Rule 

60.5          Wilson  and  Barnard" 

•  Prom  slopes  oi 

vapor-pressure  curves  in 

paper  entitled 

Condensation 

Temperatures 

of  Gasoline  and  Kerosene-Air  Mixtures. 

On  account  of  the  paucity  of  datti  at  the  higher  tem- 
peratures, our  laboratory  undertook  to  make  some 
approximate  experimental  determinations  of  total  sen- 
sible heats  of  two  typical  internal-combustion  engine 
fuels  up  to  about  500  deg.  cent.  (932  deg.  fahr.).  The 
experimental   method   used   in   securing  these   data   was 


fig.  i- 


-Apparatus  Employed  in  Determining  the  Sensible  Heats 
of  Vaporized  Fuel 


probably  not  accurate  to  closer  than  3  or  4  per  cent,  but 
is  sufficiently  near  to  the  truth  for  all  practical  work, 
especially  in  view  of  the  rather  indefinite  composition  of 
the  materials  investigated.  The  publication  of  the  data 
appears  worth  while  in  view  of  the  practical  importance 


of  the  subject  and  the  complete  lack  of  any  similar  data 
in  the  literature. 

Experimental  Work 

The  experimental  work  was  confined  to  two  fuels, 
Socony  kerosene  and  Socony  gasoline.  The  gravity  of 
the  kerosene  was  45  deg.  Baume,  corresponding  to  a 
specific  gravity  of  0.800;  and  that  of  the  gasoline  was 
60  deg.  Baume,  corresponding  to  a  specific  gravity  of 
0.743. 

The  total  heats  of  these  fuels  were  determined  at 
various  temperatures  in  the  apparatus  shown  in  Fig.  1. 
The  distillate  from  the  vaporizer,  which  was  heated  by 
a  gas  blast  burner,  was  continuously  condensed  in  a 
water-cooled  steel  coil.  The  condenser  was  tightly  lagged 
with  about  2  in.  of  kieselguhr  and  the  temperatures  of 
the  inflowing  and  outflowing  cooling  water  were  read 
from  the  thermometers  Tt  and  T„.  The  cooling  water 
was  caught  and  weighed  for  each  run.  The  weight  of  the 
cooling  water  multiplied  by  the  difference  in  the  tem- 
peratures T,  and  T,  equals  the  heat  given  up  by  the  fuel 
in  cooling  to  the  discharge  temperature,  T.t.  The  ther- 
mometers T,  and  T,  were  checked  against  each  other,  and 
showed  no  deviation  over  the  range  of  temperatures  in- 
volved. The  vapor  temperatures  were  measured  by  ther- 
mocouples placed  at  T,  and  T,_,  and  the  air  temperature 
around  the  vapor  pipe,  indicated  by  the  thermocouple  T,, 
was  kept  slightly  above  that  of  the  vapor  to  prevent  more 


TABLE    2 — RESULTS    OBTAINED    AT    THE    MASSACHUSETTS    INSTITUTE  OF  TECHNOLOGY 

Specific  Heat  Data 


Length  of 

Heat  Loss 

Deter- 

Temperature 

Fuel 

Run 

Run,  min. 

Correction 

mined 

Corrected 

Q  —  r 

deg.  cent. 

deg.  fahr. 

r 

Kerosene 

1 

12 

24 

336 

360 

300 

460 

860.0 

60 

Kerosene 

9 

12 

24 

317 

341 

281 

461 

861.8 

60 

Kerosene 

3 

12 

24 

317 

341 

281 

459 

858.2 

60 

Kerosene 

4 

12 

24 

321 

345 

285 

461 

861.8 

60 

Kerosene 

5 

10 

20 

265 

285 

225 

375 

707.0 

60 

Kerosene 

6 

10 

20 

270 

290 

230 

375 

707.0 

60 

Kerosene 

7 

10 

20 

262 

282 

222 

365 

687.0 

60 

Kerosene 

8 

8 

16 

239 

255 

195 

327 

620.6 

60 

Kerosene 

9 

8 

16 

233 

249 

189 

318 

604.4 

60 

Kerosene 

10 

8 

16 

236 

252 

192 

314 

597.2 

60 

Gasoline 

11 

14 

28 

308 

336 

266 

446 

834.8 

70 

Gasoline 

12 

14 

28 

300 

328 

258 

434 

813.2 

70 

Gasoline 

13 

14 

28 

265 

293 

223 

376 

708.8 

70 

Gasoline 

14 

12 

24 

242 

266 

196 

338 

640.4 

70 

Gasoline 

15 

12 

24 

227 

251 

181 

338 

640.4 

70 

Gasoline 

16 

12 

24 

235 

259 

189 

340 

644.0 

70 

Gasoline 

17 

12 

24 

230 

254 

184 

328 

622.4 

70 

Gasoline 

18 

8 

16 

202 

218 

148 

290 

554.0 

70 

Gasoline 

19 

8 

16 

200 

216 

146 

289 

552.2 

70 

Kerosene 

20 

8 

16 

219 

235 

175 

308 

586.4 

60 

Kerosene 

21 

8 

16 

230 

246 

186 

308 

586.4 

60 

Kerosene 

22 

8 

16 

220 

236 

176 

300 

572.0 

60 

Water 

23 

20 

40 

756 

797; 

434 

813.2 

.    . 

Water 

24 

20 

40 

757 

7987 

. . . 

440 

824.0 

'From  Marks  and  Davis  Steam  Tables  h  at  434  deg.  cent.   (S13.2  deg.  fahr.)    =  1433  -H  l.S  =  797  calories.     The  difference 
en  the  observed  value  and  that  given  above  —  798  —  757  =   41  calories  loss  by  radiation,  etc.,  per  gram  of  fuel   in   20 
min. 
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•haii  minor  heat  losses.     A  variation  of  75  to   100  deg. 
I  107  to  212  deg.  fahr.)  in  the  air  temperature  pro- 
duced no  appreciable  change  in  the  vapor  temperatures. 

In  making  the  determinations,  the  apparatus  was  al- 
lowed to,  run  until  substantially  coi  -:  int  temperatures 
had  been  maintained  at  all  points  foi  isl    10  tnin. 

time  was  then  noted  and  the  condensing  water 
caught  while  500  grams  of  fuel  pas  iugh  the  gen- 

erator, readings  being  taken  frequently  to  i  heck  the  tem- 
peratures. All  runs  were  discarded  in  which  the  water 
temperatures  varied  over  1.0  deg.  cent.  (1.8  deg.  fahr-) 
In  n         cases  the  variation  was  less  than  0.5  deg.  cent. 

0.9  deg.  fahr.)     Several  check  runs  were  made  at  i 
temperature,  the  results  of  which  are  indicated  in  Pig.  2. 
Since  the  condenser  was  admittedly  not  adiabatic,   it 
ed   desirable  to  determine  approximate  figures   for 
the  heat    l.;s>es  ami  other  corn  by  passing 

r  through  the  generator  and  condenser,  and  compar- 
ing the  total  heat  of  the  steam  as  thus  determined  with 
the  values  given  in  Marks  and  Davis  Steam  Tables.  The 
results  were  found  to  be  41  calories  per  gram  too  low  for 
500  grams  of  water  vaporized  over  a  period  of  20  min. 
The  heat  losses  were  therefore  assumed  to  be  2  calories 
per  gram  per  min.,  and  the  results  of  the  other  deter- 
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minations  were  subjected  to  this  correction  which  re- 
mains constant  for  all  determinations,  as  the  same  weight 
of  fuel  was  passed  through  in  each  case. 

Results 

The  experimental  results  as  obtained  by  the  foregoing 
procedure  are  recorded  in  Table  2.  The  total  sensible 
heats  have  all  been  corrected  to  0  deg.  cent.  (32  deg. 
fahr.) 

It  is  very  desirable  to  tie  in  these  high-temperature 
data  with  the  values  given  in  the  literature  for  the  specific 
heats  of  these  hydrocarbons  in  the  liquid  state.  This  can- 
not be  done  directly,  but  by  subtracting  the  value  of  r, 
the  heat  of  vaporization  of  the  fuel  in  question,  from  the 
observed  figures  for  the  total  sensible  heat  at  high  tem- 
peratures, values  can  be  obtained  that  should  lie  on  a 
smooth  curve  with  the  data  for  the  sensible  heat  of  the 
liquids  at  temperatures  below  the  boiling  point.  This 
method  of  treatment  of  the  results  is,  of  course,  rigidly 
applicable  only  in  cases  where  the  heat  of  vaporization  is 
substantially  constant  over  the  temperature  range  in 
question,  and  hence  the  specific  heats  of  the  liquid  and  the 

■See  Journal  of  Industrial   and   Engineering   Chemistry,  vol.    12, 
p.  lr.i?. 
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vapor  are  equal  at  a  given  temperature.  That  this  is 
substantially  true  for  the  paraffin  hydrocarbons  in  ques- 
tion is  indicated  both  by  data  in  the  literature  and  by  the 
fact,  discussed  in  the  article  on  condensation  tempera- 
tures, that  the  vapor-pressure  data  obtained  for  these 
fuels  gave  straight  lines  when  log  p  was  plotted  against 
1    7. 

The  values  thus  obtained  are  presented  in  column 
seven  of  Table  2,  and  graphically  in  Fig.  2.  For  com- 
parative purposes  a  line  is  drawn  to  represent  the  extra- 
polation of  the  recent  data  of  Bushong  and  Knight"  which 
was  obtained  from  specific-heat  measurements  on  light 
petroleum  distillate,  liquid  only,  at  temperatures  up  to 
100  deg.  cent.  (212  deg.  fahr.).  It  will  be  noted  that  the 
agreement  is  not  bad  considering  the  unjustifiable  extra- 
polation of  Bushong  and  Knight's  equation 

CP  —  0.5000  +  0.0008  t 

where 

CP  =  specific  heat  at  constant  pressure 
t  =  temperature  in  degrees  centigrade 

The  best  representative  line  for  the  points  determined 
in  this  Laboratory  lies  below  the  curve  of  Bushong  and 
Knight  and  accords  best  with  the  equation 
Cp  =  0.5000  +  0.0006  t 

Temperature,  deg.  Tanr 


100 
Temperature, cleg  cer* 

Fio.   4 — Total   Sensible  Heat  Corves   for   Mixtures  of  Gasoline 
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It  will  be  noted  that  values  obtained  for  gasoline  lie, 
on  the  average,  about  5  calories  below  the  Q  —  r  points 
for  kerosene.  This  discrepancy,  which  is  in  the  opposite 
direction  from  what  might  be  expected,  is  possibly  due 
to  the  assumption  of  too  large  a  value  for  the  heat  of 
vaporization  for  the  gasoline.  The  value  obtained  from 
the  slope  of  the  vapor-pressure  curve  of  the  identical  fuel 
was,  as  indicated  in  Table  2,  65.3  calories  per  gram,  but 
a  value  of  70  was  assumed  in  determining  Q  —  r  because 
it  accorded  better  with  other  data  in  the  literature. 

Assuming,  however,  that  the  line  Q  —  r  is  correct  as 
drawn  for  both  fuels,  since  the  divergence  is  just  about 
within  the  limit  of  error  of  the  method,  it  is  then  possible 
to  add  to  this  line  the  fractional  amount  of  the  heat  of 
vaporization  that  corresponds  to  the  fractional  amount  of 
the  fuel  which  is  vaporized  at  any  given  temperature. 
This  was  the  method  used  in  obtaining  the  curved  lines 
shown  in  Fig.  2,  which  represent  within  a  probable  error 
of  3  or  4  per  cent  the  values  for  the  total  sensible  heat 
of  gasoline  and  of  kerosene  as  a  function  of  temperature 
at  a  pressure  of  one  atmosphere. 

Figs.  3  and  4  give  respectively  the  sensible  heats  of 
kerosene-air  and  gasoline-air  mixtures.  The  heats  are 
given  in  gram  calories  for  13  and  16  grams  of  mixture. 
and  also  for  12  and  15  grams  of  air.  The  heat  content 
of  air  was  calculated  from  the  equation" 

29  H  =  6.5  [T  —  273]  +  0.0005  [f2  —  (273)=] 
where 

H  =  heat  in  calories  per  gram 

T  =  temperature  in  degrees  Kelvin  or  the  temperature 
in  degrees  centigrade  plus  273 

These  curves  make  it  possible  to  read  the  temperature 
of  the  resulting  air-fuel  mixture  directly  if  the  initial 
temperatures  of  the  air  and  the  fuel  are  known.  If,  for 
example,  kerosene  enters  the  mixing  chambers  at  a  tem- 
perature of  400  deg.  cent.  (752  deg.  fahr.),  and  the  air 
is  at  50  deg.  cent.  (122  deg.  fahr.),  then  the  total  heat  of 
16  grams"  of  a  15  to  1  mixture  is  equal  to  304  -f  175,  or 
479  calories.  The  final  temperature  of  the  resulting  mix- 
ture corresponding  to  this  heat  content  is  104  deg.  cent 
(219.2  deg.  fahr.)  By  such  calculations  it  is  possible  to 
determine  exactly  how  hot  the  air  or  fuel  should  be 
heated  before  mixing  in  order  to  give  a  dry  gas  mixture 
at  equilibrium,  or  indeed  to  determine  any  one  of  the 
three  temperatures  if  the  other  two  are  known. 

In  this  connection,  there  has  been  considerable  specu- 


lation as  to  what  happens  with  regard  to  the  condensa- 
tion or  evaporation  of  the  fuel  during  the  compression 
cycle  of  an  Otto  cycle  engine.  The  increase  in  the  pres- 
sure taken  by  itself  would,  of  course,  tend  to  cause  con- 
densation, but  the  heat  liberated  during  the  compression 
would  raise  the  temperature  of  the  mixture  and  tend  to 
evaporate  any  uncondensed  fuel.  Without  accurate  data 
as  to  the  change  of  the  vapor  pressure  with  the  tempera- 
ture and  the  sensible  heat  of  a  given  fuel,  it  was  impos- 
sible to  give  a  definite  answer  to  these  questions,  but  from 
data  presented  in  this  and  in  our  previous  paper  definite 
conclusions  can  be  drawn  as  follows: 

Making  the  calculations  on  a  5  to  1  compression  ratio 
for  Socony  kerosene  and  assuming  that  the  value  of  the 
exponent  in  the  equation  pv,;  =  a  constant  for  the  com- 
pression is  1.2,  which  makes  a  maximum  allowance  for 
cooling  during  compression,  it  can  be  shown  readily 
that  the  tendency  of  the  compression  as  a  whole  is  to 
vaporize  rather  than  condense  the  fuel,  and  indeed,  that 
theoretically  it  would  be  possible  to  vaporize  by  com- 
pression a  mixture  of  kerosene  and  air  which  was 
initially  75  per  cent  condensed.  Actually,  of  course, 
the  time  would  probably  be  insufficient  to  vaporize  this 
amount  of  material,  but  it  seems  certain  that  if  the 
mixture  is  near  enough  to  complete  vaporization  as  to 
give  proper  distribution,  there  will  be  very  few,  if  any, 
liquid  drops  present  at  the  moment  of  ignition,  and 
that  the  fuel  will,  under  no  circumstances,  condense  out 
during  compression. 


SERVICE 


"See  General  Principles  of  Chemistry  by  Noyes  and  Sherrill. 


IF  the  maximum  value  to  the  user  with  the  minimum  serv- 
ice-cost to  the  manufacturer  is  to  be  attained,  the  future 
changes  in  our  products  must  be  in  the  direction  of  eliminat- 
ing needless  varieties  in  design  and  toward  the  selection  of 
the  best  types  of  construction.  The  elimination  of  needless 
variety  is  necessary  to  reduction  of  both  production  costs  and 
service  costs  for  two  reasons 

(1)  Quality  of  workmanship  and  material  are  more 
easily  maintained  as  the  variations  in  mechanical 
practice  are  decreased 

(2)  Incompetence  of  the  service  workman  can  be  more 
effectively  reduced  as  the  variations  in  mechanical 
practice  decrease 

It  necessarily  follows  that  future  changes  in  automotive 
products  should  not  only  lead  toward  the  elimination  of  need- 
less variety,  but  the  maintenance  of  the  needed  variety  and 
the  correct  use  of  these  variances  with  respect  to  more  intel- 
ligent marketing  policies.  The  success  of  a  company  is  pri- 
marily dependent  upon  the  adequacy  of  its  sales  and  service. 
There  should  be  a  more  equitable  working  arrangement  be- 
tween these  two  most  important  phases  of  the  industry. 

If  the  retail  service-station  has  been  inefficient,  it  is  we 
who  are  to  blame.  There  is  a  total  of  45,135  automobile 
repair  shops  in  the  United  States.  It  stands  to  reason  that 
the  individuals  operating  these  repair  shops  do  not  have 
the  same  opportunities  to  develop  proper  methods  of  servic- 
ing our  products  as  do  we.  We  must  begin  to  take  greater 
advantage  of  our  facilities  and  give  our  dealers  the  advan- 
tage of  our  best  experience.  Efficiency  is  responsibility  met. 
We  have  not  met  our  service  responsibility  until  we  place  re- 
pair parts  within  immediate  reach  of  our  car  owners,  even  in 
the  most  remote  sections  of  this  country.  All  other  things 
being  equal,  the  usefulness  of  any  automotive  product  is  in- 
versely proportional  to  the  time  lost  on  account  of  repairs. 

The  automotive  industry  leads  all  others  in  the  fields  of 
scientific  research,  invention,  engineering,  processing  and 
manufacturing.  The  efficiencies  and  economies  exercised  in 
our  modern  plants  are  the  standards  of  the  world,  but  the 
injection  of  similar  standards  and  efficiencies  into  our  mar- 
keting and  servicing  methods  is  yet  to  be  accomplished. — 
Norval  A.  Hawkins. 
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ALTHOUGH  the  definite  recorameni  t'  i lit-  Divisions 

of    the    Standards    Committee    wer<     published    in    the 

ober  issue-  of  The  Journal,  ma  subjects 

being   actively   considered   by    Subdivi  indicated 

hereinafter,  with  a  view  to  submitting  i  ■  the  Division 

tags  to  be  held  during  the  coming  yea  \  goon  as  the 
Standards  Commits  nnel  for  1922       appointed  by  the- 

Council,  tentative  Division  meeting  schedules  will  be  del 
mined  upon  and  announced  so  that  committei    member: 
phm    to   take   care  of   business   as  well   as   standardisation 

matters   cm   any   trips    necessitated    in   attending   the    Division 

meetings. 

Bases,  So<  kbts  and  Connei  tors 

The  Lighting  Division  is  considering  a  proposal  that  the 

toler*  I      the     diameters     of     the     standard     bases     and 

sockets    for    bead-lamp    bulbs   should   be    reduced,    as    it    is 

Stated   that    they   are   wider  than   necessary    and    permit    BUffi- 

cienl  play  to  cause  considerable  variation  in  the  position  of 
the  filament  and  consequently  the  illumination  characteristics 
of  the  lamps.  It  is  felt  that  although  narrower  limits  are 
not  essential,  they  would  improve  the  specifications  and  not 
introduce  undue  restriction  on   manufacturers  of  the  parts. 

Brake-Lining 

A  meeting  of  the  Subdivision  on  Brake-Lining  was  held  in 
October  in  New  York  City,  F.  C.  Stanley,  of  the  Raybestos 
Co.,  G.  W.  Skirm.  of  the  United  &  Globe  Rubber  Co.,  W.  D. 
Pardoe.  of  the  Thermoid  Rubber  Co.,  C.  Bockius,  of  the 
Manhattan  Rubber  Mfg.  Co.,  R.  H.  Soulis.  of  the  Multi- 
bestos  Co.,  and  C.  Caisson,  formerly  with  Johns-Manville, 
Inc.,  being  present.  All  of  the  companies  represented  at  the 
meeting  having  had  in  operation  brake-lining  testing  ma- 
chines similar  to  the  one  being  used  at  the  Bureau  of 
Standards,  there  was  a  general  discussion  of  the  machine. 
It  was  stated  that  some  trouble  had  been  experienced  in 
getting  the  apparatus  to  function  satisfactorily,  apparently 
on  account  of  minor  manufacturing  defects  and  the  fact 
that  there  had  not  been  sufficient  time  to  get  the  machines 
adjusted  and  running  properly.  A  discussion  of  the  method 
of  testing  seemed  to  indicate  general  approval  of  the  use  of 
this  machine  when  run  at  GOO  r.p.m.  without  water-cooling 
with  a  load  of  6  hp. 

It  is  felt  that  some  supplementary  test  must  be  developed 
which  will  approximate  the  temperature  conditions  and  unit 
pressure  encountered  on  a  passenger  ear  in  the  ordinary- 
intermittent  service  application  of  brakes.  No  definite  out- 
line of  this  test  was  reached  at  the  meeting. 

It  was  agreed  that  a  quantity  of  folded  and  stitched  lining 
and  a  like  quantity  of  woven  lining,  none  of  the  material 
being  confined  to  that  made  by  any  one  company,  would  be 
purchased  and  6  ft.  of  each  type  of  lining  tested  by  the  com- 
panies represented  with  the  machines  operating  under  similar 
conditions.  The  results,  including  those  of  the  Bureau  of 
Standards,  will  lie  compared  to  find  out  what  degree  of  uni- 
formity shall  have  been  obtained,  this  being  the  next  step 
toward  developing  a  standard  specification. 

Breaker  Cont.v 

the  last   meeting  of  the  Electrical   F.quipment  Division 
it  was  decided  to  consider  tin-  standardization  ol  the  hexagon 

k  used  in  making  timer-distributor  contact-breakers.  It 
was  stated  that  there  i  variation  in  the  size  of 

k  used  for  mounting  the  breaker-points,  necessitating  a 
number  of  sizes  of  wrench  for  adjusting  this  part  on  the 
several  types  of  ignition  apparatus. 

It  was  suggested  that  '  i  -in.  hexagon  stock  be  considered 
for  adoption  as  standard,  and  that  if  this  is  not  feasible,  the 
standard  should  embody  a  range  of  two  or  possibly  three 
sizes  such  as  3/16,  ',  and  ."  16-in.  It  was  argued  also  that 
the    proposed    standard    should    embody    the    height    of   the 


hexagon  and  tl  (id  length  of  the  thread,     information 

on  present  practice  i>  to  be  obtained  for  consideration  at  tin- 
next  meet  ing  of  tin-  l>i\  i 

Door-Hanoi  i  - 

At   the-  last   meeting  of  the  Passenger-Car  Body  Division 

i.  was  reported  that  investigation  showed  that  a  center-to- 
center  distance  of  l1-  in.  between  escutcheon-plate  BCTews 
was  very  eommou.  As  tin-  standardization  of  door-handle- 
square  bearing  diameters  was  suggested,  it  was  decided  to 
continue  the  investigation.  The  subject  was  assigned  for 
further  consideration  to  G.  E.  Goddard,  who  will  make  an 
investigation  covering  escutcheon-plates,  door-handle-square 
bearings  and  the  bevel  on  door  lock-bars  and  escutcheon- 
plate  sci-ew  sizes. 

DOOR-HlNGES 

Discussion  of  this  subject  indicated  that  it  may  be  possible 
to  standardize  some  features  of  exposed  hinges,  the  follow- 
ing dimensions  being  submitted  as  desirable  practice. 


Type 

Malleable 

Plate  Width, 
in. 

iy* 

Thickness, 

in. 

3/16 

Screws 
No.  Size 
4  No.  10 

Forged 
Pressed 

2 
2 

1/4 
1/8 

4  No.  12 
4  No.  12 

Clearance  between  plates  shall  be  1/16  in.  at  the 
exposed  end,  tapering  to  '/$  in.  at  the  concealed  end 
when  hinges  are  closed. 

As  it  was  advocated  that  hinge-pin  diameters,  hinge  off- 
sets and  possibly  hinge  projections  be  standardized,  it  was 
decided  to  give  this  subject  further  consideration.  E.  G. 
Simpson  was  appointed  a  Subdivision  of  one  to  secure  the 
necessary  data  and  prepare  a  tentative  recommendation. 

Electrical  Equipment  Nomenclature 

The  use  of  the  term  "Timer-Distributor"  was  thoroughly 
discussed  at  the  Standards  Committee  Meeting  held  on  May 
24,  1921,  and  several  negative  votes  were  cast  against  the 
adoption  of  the  term  by  members  of  the  Society  in  the  July 
1921  Society  Letter  Ballot  on  the  adoption  of  standards. 
The  comments  submitted  were  discussed  at  the  Oct.  17 
meeting  of  the  Electrical  Equipment  Division  and  the  opinion 
was  expressed  that  "Timer-Distributor"  is  the  most  suitable 
term  and  should  be  retained.  Chairman  Libby  stated  that 
he  had  noticed  that  the  term  is  used  in  the  majority  of  cases 
in  technical  references  and  in  about  80  per  cent  of  the 
patent  investigations  that  he  has  conducted,  and  that  these 
sources  indicate  that  the  term  is  of  long  standing.  It  was 
therefore  decided  to  recommend  no  change  in  the  present 
nomenclature.  * 

Generator  Mountings 

At  the  last  meeting  of  the  Electrical  Equipment  Division 
T.  L.  Lee,  chairman  of  the  Generator  and  Starting  Motor 
Subdivision,  reported  that,  after  studying  the  suggestion  to 
omit  the  dimensions  for  the  pilot  specified  in  the  present 
Standard  for  Generator  Flange  Mountings,  he  did  not  con- 
sider it  advisable  to  do  so.  The  discussion  indicated  that 
although  one  large  manufacturer  of  electrical  equipment, 
which  suggested  omitting  the  pilot  dimensions,  does  not  use 
pilots  on  its  equipment,  a  large  number  of  other  manufac- 
turers do.  The  advantage  of  retaining  the  pilot  was  pointed 
out  and  the  statement  made  that  when  a  customer  orders 
equipment  on  which  no  pilot  is  desired,  it  is  easy  to  machine 
off  the  pilot. 

A  suggestion  in  reference  to  lengthening  the  threaded-end 
of  the  shaft  of  the  Generator  Bracket  Moulding  was  dis- 
cussed at  length  and  the  decision  reached  that  a  change  is 
not  desirable  owing  to  the  limited  space  provided  for  the 
couplings,  particularly  in  present  engine  designs. 
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The  Subdivision  was  assigned  the  work  of  standardiz- 
ing a  strap  mounting  for  generators.  This  had  been  sug- 
gested by  an  automobile  builder,  it  being  stated  that  a 
standard  should  specify  a  generator  barrel-diameter  of  a 
sufficient  distance  along  the  barrel  to  give  a  stable  mounting, 
with  tolerances  of  possibly  plus  or  minus  0.002  in.  applying 
to  the  diameter.  It  was  also  said  that  a  standard  should 
establish  certain  limits  for  the  concentricity  between  the 
finished  part  of  the  barrel  and  the  armature  shaft. 

Lubricating  Oils 

The  Lubricants  Division  is  formulating  definite  specifica- 
tions for  lubricating  oils  for  use  in  internal-combustion  en- 
gines with  the  exception  of  aircraft  and  Diesel  engines.  The 
specifications  tentatively  outlined  follow  in  general  the 
specifications  of  the  American  Society  for  Testing  Materials 
and  those  given  in  the  Bureau  of  Mines'  Bulletin  No.  5  in 
accordance  with  recommendations  of  the  Interdepartmental 
Committee  on  Standardization  of  Petroleum  Specifications. 

At  a  recent  meeting  of  the  Division  it  was  stated  that 
compounded  or  blended  oils  are  being  used  by  a  number  of 
engine  builders,  due  partly  to  their  successful  use  in  Europe, 
and  that  acidless  tallow  and  castorated  oils  are  used  to  some 
extent.  Discussion  as  to  what  kinds  of  oils  should  be  taken 
into  consideration  in  formulating  specifications  led  to  the 
decision  to  confine  the  recommendations  to  straight  mineral 
oils.  It  was  thought  that  if  specifications  for  blended  oils 
are  desirable,  they  can  be  developed  after  the  Division  shall 
have  had  an  opportunity  to  obtain  more  information  as  to 
their  use. 

Magnet  Wire 

At  the  last  meeting  of  the  Electrical  Equipment  Division 
it  was  decided  to  take  up  the  standardization  of  magnet 
wire  for  automotive  apparatus,  including  both  fabric  and 
enamel  insulation  types.  A.  D.  T.  Libby,  chairman  of  the 
Division,  has  appointed  a  Subdivision  to  prepare  a  tentative 
specification.  It  was  the  consensus  of  opinion  that  the  speci- 
fications for  the  copper  wire  should  conform  with  Specifica- 
tion No.  B3-15  of  the  American  Society  for  Testing  Materials 
and  that  all  wire  sizes  should  be  drawn  to  the  American 
wire  gage. 

Metric  Roller  Bearings 

At  the  meeting  of  the  Ball  and  Roller  Bearings  Division 
held  on  Oct.  11,  1921,  it  was  voted  to  request  the  Subdivision 
on  Roller  Bearings  to  continue  consideration  of  the  follow- 
mg  revisions  of  the  present  S.A.E.  Standards  for  Roller 
Bearings,  proposed  by  the  Subdivision  on  Nov.  20,  1918,  as 
it  was  felt  by  those  present  that  the  demand  for  standard 
metric  roller-bearing  sizes  that  are  interchangeable  with  the 
wide  or  double-row  type  ball  bearings  is  becoming  greater. 
It  was  stated  at  the  meeting  that  the  present  dimensions  of 
the  standard  metric  roller-bearings  are  generally  considered 
very  satisfactory,  although  possibly  a  few  changes  in  toler- 
ances, overall  widths  and  corner  radii  should  be  made.  All 
members  present  were  of  the  opinion  that  these  standards 
should  be  put  into  the  best  form  possible. 

Bearing  Nuyribers — Bearings  of  the  light  series  shall 
be  designated  by  prefixing  the  letter  L,  the  num- 
bers ranging  from  L04  to  L22  consecutively,  and 
bearings  of  the  medium  series  by  prefixing  the  let- 
ter M,  the  numbers  ranging  from  M04  to  M22 
consecutively 

Inside  and  Outside  Diameters — The  inside  and  outside 
diameters  shall  be  given  in  integral  millimeters 
and  shall  correspond  to  the  inside  and  outside  di- 
ameters for  the  same  sizes  of  the  annular  ball 
bearing  of  the  light  and  medium  series,  pages  C26 
and  C28,  S.A.E.  Handbook 

Widths — The  widths  shall  be  given  in  inches  and  shall 
be  in  accord  with  the  widths  of  the  annular  ball 
bearings  of  the  wide  type,  page  C31,  S.A.E.  Hand- 
book 

New  Sizes — The  medium  series  shall  be  extended  to 
specify    dimensions    for    bearings    Nos.    M21    and 


M22;  the  inside  diameter  for  bearing  No.  M21  to 
be  105  mm.,  the  outside  diameter  225  mm.,  and  the 
width  3  7/16  in.;  and  the  inside  diameter  for  bear- 
ing No.  M22  to  be  110  mm.,  the  outside  diameter 
240  mm.  and  the  width  3%  in. 

Chamfers — The  chamfer  or  radius  on  the  inner  and 
outer  races  of  bearings  of  the  light  and  medium 
series  with  inside  diameters  from  20  to  25  mm. 
shall  be  1  to  1%  mm.;  for  inside  diameters  from 
30  to  50  mm.,  the  chamfer  shall  be  from  2  to  4 
mm.;  and  for  inside  diameters  from  55  to  110  mm., 
the  chamfers  shall  be  from  3  to  5  mm.  The  head- 
ings of  the  columns  in  the  tables  giving  the  cham- 
fers shall  read  "Radius  or  Chamfer  C"  and  the 
limits  shall  be  shown  as  maximum  and  minimum 

Clearances — The  maximum  clearances  required  for  the 
bearing  cage,  when  used,  shall  be  given  for  each 
size  of  bearing.  These  clearances  shall  not  be  con- 
sidered as  standard,  but  as  general  information 
only 

Eccentricity  Tolerances  —  Further  consideration  shall 
be  given  to  the  question  of  whether  the  eccen- 
tricity tolerances  given  in  the  present  S.A.E. 
Standards  refer  to  the  error  in  running  truth 
actually  measured  or  to  the  true  eccentricity  of  the 
center  of  the  inner  and  outer  races 

Diameter  Toleraiia s —  Further  consideration  shall  be 
given  to  the  tolerances  for  the  diameter,  as  these 
depend  upon  the  type  of  bearing  and  its  applica- 
tion , 

Motor-Truck  Cabs 

It  has  been  requested  that  the  Truck  Division  standard- 
ize the  mounting  dimensions  for  motor-truck  cabs  so  as  to 
permit  interchangeability.  This  matter  has  been  referred  to 
the  members  of  the  Truck  Division.  If  it  should  be  the 
general  opinion  of  the  Division  that  this  subject  should  be 
taken  up,  a  Subdivision  will  be  appointed  to  formulate  a 
tentative  recommendation. 

Oil-Drain  Plugs 

At  the  last  meeting  of  the  Engine  Division  the  desirability 
of  providing  suitable  means  for  easily  draining  all  engine  oil- 
pans  was  discussed.  It  was  decided  that,  as  the  oil-drain  is 
a  part  that  is  dependent  upon  individual  engine  design,  no 
definite  type  should  be  standardized,  but  that  a  recommenda- 
tion could  be  formulated  which  would  indicate  that  an  oil- 
drain  device  should  be  provided,  having  a  hole  of  a  mini- 
mum size  located  at  the  lowest  part  of  the  oil-pan  or  crank- 
case  cover.  In  order  that  the  Engine  Division  may  base 
its  recommendation  on  the  best  present-day  practice,  a  ques- 
tionnaire covering  these  points  has  been  sent  to  engine 
builders  and  automobile  producers  who  build  their  own 
engines. 

Silent  Chains 

At  the  last  meeting  of  the  Chain  Division,  held  jointly 
with  the  Committee  on  Steel  Roller  Chains  of  the  American 
Society  of  Mechanical  Engineers  and  the  Committee  on 
Sprockets  of  the  American  Gear  Manufacturers  Association, 
the  subject  of  silent-chain  standardization  was  brought  up, 
but  it  was  the  consensus  of  opinion  that  structural  differ- 
ences between  makes  prevent  the  adoption  of  a  standard  at 
the  present  time.  It  was  thought  that  normal  silent-chain 
development  during  the  next  few  years  will  make  standard- 
ization possible. 

It  was  stated  that  to  obtain  interchangeability  of  silent 
chains  it  will  be  necessary  to  standardize  the  pitch,  the  in- 
cluded angle,  the  method  of  guiding,  the  width,  the  maximum 
radial  clearance  from  the  joint  over  the  back  of  the  link, 
the  maximum  distance  from  the  center  of  articulation  to  the 
point  of  the  link,  the  perpendicular  distance  from  t.  ft  bear- 
ing face  of  the  link  to  the  center  of  articulation  and  tl.J  loca- 
tion of  the  top  of  the  teeth  with  regard  to  the  chord  con- 
necting the  centers  of  articulation.     It  was  t  nphasized  that 
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the  standardisation  of  Bilent  chains  i>  further  complicated 
-  to  the  actual  differences  in  constru*   ion  of  the  chains. 

Spark-Plug  Hoo 

At  the  last   Electrical   Equipment    1'  eeting  it  was 

rteil  that  a  thorough  investigation  of  nl  situation 

in  connection  with  Bpark-plug  hoods  had  i  ei  n  made  and  that 

it  was  claimed  that  a  number  of  patei  le  aggregate 

cover  any  practical  form  of  construction  therefore 

decided    to    discontinue    consideration    of  :  mlization 

of  spark-plug  hoods. 

Storage  Batteriks 

It  has  been  felt  that  the  Standards  Committe<   could  be  of 
service  to  the  storage-battery  and  associated   industries  in 

connection  with  the  recent  development  of  a  molded  hard 
rubber  storage-battery  container.  As  the  molds  and  equip- 
ment for  making  these  containers  are  verj  expensive,  it 
seems  that  the  logical  procedure  for  the  battery,  automo- 
bile and  hard-rubber  manufacturers  is  to  get  together  and 
adopt  standards  relating  to  the  rubber  container,  before  too 
much  money  shall  have  been  spent  on  mold  and  machine 
equipment. 

A  further  object  of  the  standardization  proposed  would  be 

perhaps  to  guide  the  automobile  builders   in  adapting  their 

iy  compartments  to  this   more  compact    type  of  battery, 
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iat  they  and  their  customers  will  not  be  handicapped 
in  the  way  they  have  been  handicapped  in  the  past  when  an 
Hutomobile  was  put  out  with  a  battery  compartment  of  such 
dimensions  as  to  preclude  the  use,  for  either  original  equip- 
ment or  renewal,  of  any  but  one  special  make  and  type  of 
battery. 

Another  point  is  the  need  of  a  name  to  distinguish  the 
single-compartment  container  from  the  present  case  and  jar. 
It  is  stated  that  the  word  "container"  is  not  desirable  on  ac- 
t  of  its  similarity  to  the  word  "retainer"  and  because  it 
has  been  used  in  a  general  sense  already.  The  words  "case." 
"box,"  "tray"  and  "jar"  are  already  used  as  names  of  battery 
parts. 

Tank  Caps 

The  following  comments  in  the  matter  of  specifying  the 
minimum  size  of  the  filler  opening  of  automobile  gasoline- 
tanks  have  been  referred  to  the  members  of  the  Parts  and 
Fittings  Division.  The  present  S.A.E.  Recommended  Prac- 
tice for  Tank  and  Radiator  Caps,  page  C.">8,  S.A.E.  Hand- 
book, does  not  specify  the  minimum  size  of  opening,  only 
the  diameter  of  the  threaded  portion  for  '  Mi  internally  and 
externally  threaded  filler-openings  having  been  determined 
upon. 

The  demand  today  is  for  a  gasoline  pump  that  will 
deliver   a    given    amount   of    gasoline    in    the    short 
possible   time.     Pumps    have   therefore   been   designed 
for  us.   in  service  stations  with  1  '  i-in.  hose  and  nozzles. 

'  qplaints  are  received  by  pump  manufacturers  that 
the  nozzles  on  these  pumps  are  too  large  to  fit  into  the 
openings  provided  in  the  gasoline  tanks  on  many  auto- 
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mobiles.  This  means  that  pump  manufacturers  are 
obliged  to  put  on  a  small  nozzle,  thus  restricting  the 
discharge  and  defeating  in  a  measure  the  advantages 
gained  from  a  large  pump.  If  an  effort  is  made  to 
force  the  delivery  with  the  smaller  nozzles,  it  requires 
more  strength  and  the  gasoline  is  delivered  at  a  high 
velocity. 

Some  automobiles  are  provided  with  large  open- 
ings; 2'/2  in.  is  common.  This  matter  should  be  taken 
up  with  the  automobile  builders  as  it  is  to  their  ad- 
vantage to  provide  openings  of  proper  size  so  that 
gasoline  tanks  can  be  filled  quickly. 

Sometimes  the  trouble  is  due  to  the  connection  to 
the  tank  being  made  by  a  pipe  with  an  offset  in  it  of 
small  diameter.  The  smallest  straight  opening  that 
should  be  used  is  2  in.  and  where  the  connection  is 
made  to  the  side  of  the  tank  by  a  short  pipe  with  an 
offset  in  it,  it  should  be  larger  with  the  curve  at  a 
greater  angle. 

Top-Irons 

O.  H.  Clark,  who  was  appointed  a  Subdivision  of  one  to 
formulate  a  recommendation  on  top  irons  in  February,  1921, 
recently  submitted  a  tentative  report,  in  connection  with 
which  attention  is  called  to  Figs.  1,  2  and  3. 

This  report  is  based  on  a  survey  of  present-day  top-iron 
practice,  which  showed  a  great  variety  of  types  and  sizes. 
A  careful  analysis  of  the  data,  however,  indicated  that  the 
great  majority  of  top  irons  are  made  with  7/16-in.-14 
United  States  Form  Threads.  This  thread  has  therefore 
been  specified  and  should  meet  with  general  approval.  The 
top-iron  types  recommended  cover  all  general  requirements. 
The  through-the-rail  type  of  front  top-iron  can  be  used 
through  the  rail  by  body  builders  who  do  not  wish  to  pro- 
vide for  the  removal  of  the  top  iron  in  case  the  permanent 
or  California  type  of  top  is  used.  This  type  of  top  iron  is 
superior  to  the  separate  through-the-rail  type  of  front  and 
rear  top-irons  inasmuch  as  it  is  not  necessary  to  eounterbor- 
such  large  holes  through  the  rail  for  the  top-iron  sockets, 
avoiding  the  weakening  of  the  top  rail. 

This  report  was  discussed  at  the  last  Passenger-Car  Body 
Division  meeting,  but  no  definite  action  was  taken.  It  was 
felt  that  probably  only  the  threaded  shank  on  the  top-iron 
can  be  standardized,   as  there   are  so   many  varying  condi- 
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tions  that  control  the  other  dimensions  and  shapes,  and  as 
no  one  top-iron  can  be  used  interchangeably  on  different 
bodies  or  cars. 

Windshield  Side-Arms 

It  was  suggested  at  the  last  meeting  of  the  Passenger-Car 
Body  Division  that  a  standard  should  be  formulated  for  the 
shanks  on  windshield  side-arms,  so  that  body  builders  can 
provide  standard  holes  in  the  body  frames.  It  was  thought 
that  the  shank  diameters  should  be  in  odd-number  sizes  and 
the  holes  in  even-number  sizes,  and  that  there  should  be  a 
definite  series  of  lengths  and  threaded  ends. 

The  Society  is  to  circularize  the  windshield  manufacturers 
for  suggestions  and  data  in  this  connection  before  further 
action  is  taken. 

Inch-Type  Thrust  Ball-Bearings 

At  the  last  Ball  and  Roller  Bearings  Division  meeting 
criticisms    and   suggestions    in    connection   with   the    present 


thrust-bearing  standards  that  had  been  submitted  to  the  So- 
ciety were  discussed.  It  was  the  consensus  of  opinion  thai, 
the  present  standard  should  remain  as  published  in  the 
S.A.E.  Handbook,  it  being  stated  by  several  members  that 
they  are  in  satisfactory  form  and  use. 

Metric-Type  Thrust  Ball-Bearings 

At  the  Oct.  11  meeting  of  the  Ball  and  Roller  Bearings 
Division  the  history  of  the  development  of  the  present 
metric-type  thrust  ball-bearing  standards-,  which  include  only 
the  general  types  and  the  ranges  of  tolerances,  was  reviewed. 
The  entry  of  the  United  States  into  the  recent  war  neces- 
sarily postponed  consideration  of  these  standards  in  co- 
operation with  foreign  manufacturers,  particularly  those  in 
Germany. 

A  Subdivision,  representative  of  practically  all  thrust  ball- 
bearing manufacturers,  was  appointed  to  consider  and  report 
on  this  subject. 
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Schedule  of  Sections  Meetings 

JANUARY 
6 — Washington  Section — Aviation  Meeting 
13 — New    England    Section — Visit    to    Stanley 

Plant  in  Newton,  Mass. 
17 — Buffalo    Section  —  Pneumatic    Truck    Tire 
Temperatures  —  Professor      Ellenwood 
Commercial  Aviation — L.  B.  Lent 
26 — Pennsylvania  Section  —  Follow-up  of  An- 
nual Meeting  Papers 

FEBRUARY 
3 — Washington  Section 
3 — Mid-West    Section  —  The    Constitution    of 

Matter— Prof.  H.  B.  Lemon 
8 — Minneapolis  Section  —  Road-Building  Ma- 
chinery and  Engineering 
10 — New  England  Section  —  Isolated  Lighting 
Plant  Meeting  at  Boston  or  Worcester. 
Paper  by  Mr.  Wilkins  of  the  H.  C.  Dodge 
Co.  I 

21 — Buffalo  Section — Resilient  Wheels  —  A.  C. 

Vauclain 
23 — Pennsylvania   Section  —  Current  Business 
Conditions  and  the  Engineer's  Place  in 
the  Commercial  Development 

THE  Sections  meetings  held  in  December  were  for  the 
most  part  devoted  to  the  general  subject  of  commercial 
aviation.  -Various  phases  of  this  topic  were  considered  at 
the  different  meetings  by  a  number  of  well-qualified  speakers. 

The  interest  in  these  meetings,  as  indicated  by  the  splen- 
did attendance,  proved  conclusively  that  it  is  necessary  from 
time  to  time  to  conduct  a  widespread  campaign  both  through 
meetings  and  with  the  help  of  the  newspapers  of  the  Coun- 
try for  the  purpose  of  disseminating  the  current  facts  re- 
garding aerial  navigation. 

If  the  public  has  been  led  to  believe  that  the  mishaps  and 


accidents  of  aeronautics  are  the  only  side  of  the  picture,  it  is 
because  too  few  facts  have  been  given  out  showing  the  prog- 
ress which  has  been  made  in  safety,  regularity  of  service, 
and  cost. 

An  account  of  the  various  meetings  is  given  in  more  detail 
on  another  page. 

A  schedule  of  the  meetings  of  the  various  Sections  for  the 
months  of  January  and  February  and  a  list  of  the  Secre- 
taries of  the  different  Sections  with  their  addresses  aie 
printed  elsewhere  on  this  page. 


Secretaries   of  the  Sections 

Buffalo  Section — George  Pettit,  1569  Jefferson 
Street,  Buffalo 

Cleveland  Section — E.  W.  Weaver,  5103  Euclid 
Avenue,  Cleveland 

Dayton  Section — R.  B.  May,  Dayton  Engineer- 
ing Laboratories  Co.,  Dayton,  Ohio 

Detroit  Section — B.  Brede,  assistant  secretary, 
1361  Book  Building,  Detroit 

Indiana  Section — B.  F.  Kelly,  Weidely  Motors 
Co.,  Indianapolis 

Metropolitan  Section — F.  E.  McKone,  347  Mad- 
ison Avenue,  New  York  City 

Mid-West  Section — T.  Milton,  140  South  Dear- 
born Street,  Chicago 

Minneapolis  Section — C.  T.  Stevens,  Reinhard 
Brothers  Co.,  Minneapolis 

New  England  Section — H.  E.  Morton,  B.  F. 
Sturtevant  Co.,  Hyde  Park,  Boston 

Pennsylvania  Section  —  T.  F.  Cullen,  Chilton 
Co.,   Market   and  49th   Streets,   Philadelphia 

Washington  Section — B.  R.  Newcomb,  211  Vic- 
tor Building,  Citji.of  Washington 
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Publications  of  Interest 

to 

S.  A.  E.  Members 

[n  this  column  are  riven  brief  Items  regarding  tech- 
nical  books  and   publications  on  automotn 

rule,    no   attempt   Is   mad'  an 

of  the  books,   the  purpose  of  this 

tlon    of    THE   JOURNAL    betner    rather    to    Indicate 

from    time    to    time   what    literature    relating   to   the 

automotive   industr.  n    published  with  a  short 

contents. 

Tksts  of  Centrifugaixy  Cast  Steel.    By  Gcortro  K.  Bin 
Bureau  of  Standards.     Technologic  Paper  No.   192.     Pub- 
lished by   Superintendent  of  Documents,  Washington.     L'J 

vs. 

Six  castings  manufactured  by  the  Millspaugh  centrifugal 
pn,  examined  as  to  their  physical  and  chemical 

cities,  including  hardness,  tensile  strength,  impact  resistance, 
density,  internal  stress,  segregation,  soundness  and  micro- 
structure,  both  in  the  condition  as  cast  and  after  various  heat- 
treatments.  This  investigation  shows  the  possibilities  of  sub- 
stituting heat-treatment  for  forging  in  this  type  of  casting. 

Nickel.  Bureau  of  Standards  Circular  No.  100.  Published  by 
Superintendent  of  Documents,  Washington.  106  pages. 
This  is  one  of  a  series  of  Bureau  of  Standards  bulletins  on 
metals  and  alloys  in  each  of  which  all  of  the  best  information 
resulting  from  tests  and  investigations  of  the  metal  consid- 
ered will  be  grouped.  The  several  physical  and  chemical 
properties  of  nickel  are  given  and  the  methods  of  its  manu- 
facture and  working  are  outlined.  The  more  common  nickel 
alloys  are  reviewed  and  an  appendix  includes  a  condensed 
bibliography  on  this  metal. 

Short  Papers  from  the  Cooperative  Oil-Shale  Labora- 
tory. By  M.  J.  Gavin  and  L.  H.  Sharp.  State  of  Colorado 
Cooperative  Oil-Shale  Investigation  Bulletin  No.  1,  Boulder, 
Col.    68  pages. 

This  paper  is  a  presentation  of  the  results  of  preliminary 
studies  at  the  Colorado  Cooperative  Oil-Shale  Laboratory  by 
the  Bureau  of  Mines  and  the  State  of  Colorado.  The  investi- 
gations are  for  the  purpose  of  determining  by  large-scale 
laboratory  retorting  tests,  those  conditions  that  will  produce 
the  optimum  yield  of  the  best  quality  of  products  from  Colo- 
rado shales.  The  fuel  and  total  heat  values  of  oil-shale  and 
its  products  are  studied  and  compared  with  those  of  other 
fuels.  The  analytical  distillation  of  shale  oils  from  Colorado 
and  Scotland  is  given  with  similar  data  on  Pennsylvania 
crude  oil.  Data  on  the  weights  and  composition  of  shale 
are  included. 

Zinc-Cyanide  Plating  Solutions.  By  Wm.  Blum,  F.  J. 
Liscomb  and  C.  M.  Carson.  Bureau  of  Standards  Techno- 
logic Paper  No.  195.     19  pp. 

During  the  war  zinc  plating,  or  electro-galvanizing,  was 
applied  extensively  fur  the  protection  of  steel  against  cor- 
rosion. For  this  purpose  zinc-sulphate  or  zinc  cyanide  solu- 
tions can  be  employed,  but  the  latter  produ  •  more  uniform 
distribution  of  the  metal  upon  irregularly-shaped  parts. 
This    pap  ibes   the   results   of   experiments   upon   the 

|  preparation,  analysis  and  operation  of  zinc-cyanide  plating 
I  solutions.  It  was  found  that  in  the  preparation  of  such  solu- 
tions a  considerable  economy  could  be  effected  by  the  use  ol 
zinc  oxide  to  replace  part  or  all  of  the  zinc  cyanide  com- 
monly used  for  this  purpose.  Complete  formulas  and  oper- 
ating directions  are  given  for  the  use  of  these  plating  solu- 
tions. It  is  believed  that  the  information  may  be  of  con- 
siderable value  in  facilitating  the  use  of  zinc  protective  coat- 


ings, cither  alone  or  as  a  foundation  for  nickel  or  other  fin- 
ishes where  both  appearance  anil  permanent  resistance  to 
corrosion   are    important. 

I  CONOMICS  "i     PETROLEl  m.      By   Dr.  .1.  E.  Pogue.     Published 
by  John  Wiley  &  Sons.  .New  York  City.     876  pages;  nunier- 
tablea  and  charts. 

In  presenting  i he  Economic     of  Petroleum,  Dr.  Pogue  lias 

rendered  an   important   service   to  the  many   industries  in  the 
development    of  which   petroleum  or   its   products   play   an   im- 
portant   pari.       We    find    collected    in    this    volume    a    mass    of 
I    and   a   careful   analytical    discussion  of   the   topic,   which 

should  he  in  the  hands  of  all  who  are  concerned  with  the 
economic  phase  of  the  petroleum  problem.     The  author  has 

!     judgment    in    the    selection    of    material    and, 

i   prefacing  each  chapter  with  a  concise  statement  of  the 
ial  aspect,  has  presented  this  material  in  carefully  de- 
vised  charts   and    tables   that    are    pleasing   to   see   and   easily 
Understood.      The  discussion    is  presented    in  a   terse  and   read- 
able style  and  is  confined  closely  to  the  topic-  in  hand.     There 

i;  of  course  considerable  necessary  repetition  involved  in  bhi 
introductory  paragraphs  to  each  chapter.  The  treatise  is 
table  fur  its  unbiased  presentation  of  fads  and  logical 
deductions,  as  well  as  for  l he  absence  of  bias  on  controversial 
topics. 

The  chapter  on  the  motor-fuel  problem  is  of  particular 
interest  to  the  automotive  industry,  as  are  other  chapters 
devoted  to  specific  industries,  in  particular  that  on  the  rela- 
tion of  the  coal  industry  to  the  oil  industry.  The  inter- 
national features  of  the  situation  are  covered  with  some  care. 

The  Agrimotor,  Present  Failings  and  Future  Prospects. 
By  II.  Scott  Hall  and  II.  G.  Burford.  Paper  read  before 
the  Institution  of  Automobile  Engineers,  2H  Victoria  Street, 
Westminster,  S.W.,  London.  England.  17  pages. 
The  authors  endeavor  to  give  their  ideas  of  the  develop- 
ment of  a  true  agrimotor.  The  discussion  traverses  the  lines 
of  natural  argument  and  development  that  have  been  passed 
over  in  America,  including  the  influx  of  automobile  ideas 
resulting  in  the  conclusion  that  the  agrimotor  finally  will 
not  be  an  automobile  but  a  special  new  machine  requiring 
a  thorough  knowledge  of,  and  design  in  accordance  with,  a 
different  set  of  facts  and  data.  A  review  is  given  of  the 
evident  advantages  of  the  tractor  over  the  horse  with  regard 
to  fatigue  and  time  of  accomplishment,  and  doubt  expressed 
as  to  whether  the  plow  as  now  made  is  the  ultimate  solution 
of  soil  operation  or  whether  the  separate  plow  and  tractor 
are  ideal.  The  authors  believe  that  the  tractor  is  not  neces- 
sarily the  correct  idea  as  compared  with  the  possible  outfit, 
the  agrimotor  that  covers  all  operations,  and  consider  whether 
the  machine  should  be  a  combined  hauling  and  field  oper- 
ating machine. 

Questions  of  weight,  speed,  hitching  and  line  of  draft  are 
sketched  from  the  British  point  of  view,  in  which  it  seems 
a  task  to  eliminate  the  extra  man  on  the  plow  and  make 
the  outfit  a  one-man  unit  as  has  been  the  case  in  America 
for  years.  The  difficulties  of  meeting  the  wide  range  of 
row-crop  spacings  lead  through  an  intricate  suggestion  of 
telescoping  axles  and  means  for  rapid  change  of  overall 
widths,  and  this  develops  again  the  query,  Are  we  spacing 
our  crops  right? 

The  authors  believe  the  ultimate  agrimotor  will  be  dis- 
tinctly a  field  machine.  The  complexities  of  the  differential 
gear  are  treated,  the  conclusion  being  reached  that  this 
element  should  be  eliminated  or  designed  to  be  locked  in 
straightaway  operation.  The  paper  is  well  worth  reading. — 
O.  B.  Z. 

HIGHWAYS  Green  Book.     Second  annual  edition.     Published 

by  the  American  Automobile  Association,  Riggs  Building, 

lily  of  Washington.    480  pages. 

This  is  an  informative  volume  in  three  parts  dealing  with 
road  improvements  under  Federal,  State  and  local  control; 
the  construction  and  maintenance  of  rural  roads;  and  mis- 
cellaneous data  and  tables,  the  topics  being  treated  by  the 
leading  road  experts  of  the  Country. 

Part  1  gives  a  resume  of  highway  legislation,  the  Federal 
Aid  Road  Act  and  progress  thereunder  and  matter  descrip- 


Vol.  X 


January,  1922 


No.  1 


74 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


tive  of  highway  management  and  financing  in  the  various 
States,  together  with  an  analysis  of  the  Townsend  bill  and 
an  intensive  presentation  of  the  arguments  for  good  roads. 
The  drainage  of  roads  and  the  future  reinforced  concrete 
highway  for  30-ton  traffic  are  subjects  of  special  interest  in 
Part  2,  among  others.  A  resume  of  highway  engineering 
educational  courses  is  included  in  Part  3,  and  among  other 
interesting  features  are  reports  of  traction  tests  showing  the 
economy  of  improved  roads;  motor-car,  truck  and  motor- 
cycle registrations  and  gross  receipts  therefrom  for  1920; 
and  the  registrations  of  cars  and  trucks  for  9  years.  A 
bibliography  of  roads  and  allied  subjects  is  presented  and 
tables  stating  the  weights  and  measures  of  road  materials 
are  given. 

Design  and  Manufacture  of  Pneumatic  Tires  for  Motor 
Vehicles.    By  Colin  Macbeth.    Paper  read  before  the  In- 
stitution   of    Automobile    Engineers,    28    Victoria    Street, 
Westminster,  S.W.,  London.,  England.     102  pages. 
The  author  discusses  pneumatic-tire  functions  broadly,  in 
order  of  importance,  as  being  inclusive  of  provisions  for  (a) 
comfort,  in  allowing  high  speeds  on  poor  surfaces  such  as 
can.be  obtained  only  when  using  wheels  having  a  yielding 
periphery;    (6)   safety,  in  providing  a  sure  grip  on  all  con- 
ditions of  road  surface  when  driving,  but  particularly  when 
accelerating,  braking  and  cornering;    (c)   reliability,  in  pro- 
tecting the  air  container  from  penetration  by  road  obstacles; 
(d)    durability,   in   insuring  long  mileage   and   failure   only 
because  of  wear   and  tear;    (e)    accessibility,   in   making  it 
reasonably  easy  to  fit  and  to  remove  tires  whenever  neces- 
sary; and  (/)  efficiency,  in  the  securing  of  the  absorption  of 
the  minimum  amount  of  engine  power. 

The  features  limiting  the  scope  of  the  designer  and  the 
details  that  allow  him  scope  are  commented  upon  under  four 
and  five  divisions  respectively,  the  characteristics  of  the 
rubber  mixings  used  being  mentioned  under  degrees  of  hard- 
ness and  vulcanization,  their  disposition  and  their  volumetric 
and  area  costs.  The  quality  and  disposition  of  metal  parts, 
molding  and  vulcanizing  systems  and  types  of  rim  are  dis- 
cussed at  some  length  and  illustrated,  prefatory  to  a  de- 
scription of  how  a  pneumatic  tire  of  the  well-known  type  is 
designed  and  manufactured,  its  specification  being  given 
first. 

Design  is  detailed  under  considerations  of  tire  beads,  rim 
tolerances  and  rim  types,  bead  cores,  casing  dimensions,  roll- 
ing factors,  tread  and  casing  resistance  to  obstacles  and  the 
effect  of  inflation  on  the  tire  surface  in  contact  with  the 
road. 

Tire  manufacture  is  described  under  headings  that  in- 
clude the  preparation  of  the  canvas  and  the  rubber  and  sub- 
divisions comprehensive  of  the  entire  process,  copious  illus- 
trations being  supplied  throughout  the  paper  and  a  lengthy 
discussion  of  it  being  appended. 

Motor   Truck  Transportation.     By   F.  Van   Zandt   Lane. 

Published  by  the  D.  Van  Nostrand  Co.,  New  York  City. 

153  pages;  50  illustrations. 

The  author  has  written  an  interesting  treatise  on  the 
simpler  economic  phases  of  motor-truck  transportation  that 
should  be  of  value  particularly  to  readers  who  are  interested 


in  establishing  cost-accounting  systems  for  truck  operation. 
It  is  recognized  by  the  author  that  the  numerous  factors  in 
the  cost  of  operation  depend  so  much  on  local  conditions  that 
an  attempt  to  give  even  illustrative  figures  is  likely  to  be 
misleading;  hence  he  confines  himself  wisely  to  a  rather 
careful  analysis  of  what  these  factors  are  and  how  they  may 
be  taken  into  consideration  in  accounting  systems.  He  gives 
for  comparison  also  a  similar  analysis,  without  figures,  for 
costs  of  horse-drawn  traffic  and  railroad  traffic. 

The  critical  reader  gains  the  impression  that,  while  the 
author  has  carefully  enumerated  all  the  apparent  factors  of 
cost,  his  failure  to  evaluate  these  factors  has  led  to  a  some- 
what exaggerated  endorsement  of  the  almost  universal 
superiority  of  the  motor  truck  for  a  very  wide  range  of  con- 
ditions, in  spite  of  numerous  warnings  that  he  has  included 
against  this  attitude.  The  later  chapters  of  the  volume 
afford  an  interesting  review  of  developments  in  bodies,  load- 
ing devices,  maintenance  methods  and  trailers,  and  a  dis- 
cussion of  solid  and  pneumatic  tires,  the  special  problems 
of  the  farmer,  and  the  economic  possibilities  of  good  high- 
ways. 

Crippling  Strength  of  Axially  Loaded  Rods.  By  Fr. 
Natalis.  Translated  from  Technische  Berichte.  National 
Advisory  Committee  for  Aeronautics  Technical  Note  No. 
31.  Published  by  the  National  Advisory  Committee  for 
Aeronautics,  Washington.     34  pages. 

The  formulas  hitherto  employed  for  the  calculation  of  rods 
subject  to  compression,  are  usually  of  value  only  for  stout 
or  slender  rods.  A  new  empirical  formula  has  been  devel- 
oped in  this  article,  which  holds  good  for  any  length  and  any 
material  of  the  rod,  and  agrees  well  with  the  results  of  exten- 
sive strength  tests.  Tables  giving  the  crippling  load  for 
solid  and  hollow  sectioned  wooden  rods  and  steel  tubes  of  dif- 
ferent thickness  and  length  are  included.  A  graphical  method 
of  calculation  of  the  breaking  load  is  derived  in  which  a  single 
curve  is  employed  for  determining  the  allowable  fiber  stress. 

Test  of  a  Standard  Liberty-Engine  Cylinder  Mounted  on 
a  Universal  Engine  Crankcase.  Air  Service  Informa- 
tion Circular,  Vol.  II,  No.  199.  Published  by  Chief  of  Air 
Service,  Washington.     10  pages. 

This  test  was  conducted  to  obtain  the  power,  friction  losses, 
temperatures  and  heat  transfer  characteristics  of  the  standard 
Liberty-engine  cylinder  when  mounted  on  the  McCook  Field 
universal  test  engine  crankcase.  It  was  concluded  that  the 
brake-horsepower  output  of  a  multi-cylinder  engine  can  be 
safely  estimated  to  be,  at  the  normal  range  of  operation, 
the  product  of  such  output  of  a  single  cylinder  on  the  uni- 
versal engine  and  the  number  of  cylinders.  Neither  the  fuel 
consumption  nor  the  indicated  horsepower  output  is  so  com- 
parable, however. 

Interesting  tables  of  test  data  are  included  which  show 
that  at  1500  r.p.m.  the  maximum  brake  mean  effective  pres- 
sure was  122  lb.  per  sq.  in.;  the  mechanical  efficiency,  80 
per  cent;  and  the  fuel  consumption,  0.64  lb.  per  b.hp-hr. 
Careful  analysis  was  made  of  the  mechanical  losses  as  deter- 
mined in  the  test. 
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The  Annual  Meeting 


WHAT  was  the  l'."22  Annual  Meeting?  It  was  the 
culmination  of  another  year  of  const  ruct  ive  effort 
mi  the  part  of  all  automotive  engineers.  It  was 
proof  that  the  prediction  made  last  year  in  the  effect  that 
automotive  engineers  would  play  their  full  part  in  the 
effort  to  restore  that  proper  economic  balance  which  is 
essential  to  national  prosperity  had  come  true.  Further, 
it  was  a  demonstration  of  what  cooperative  effort  on  a 
large  scale  can  accomplish.  From  the  opening  of  the 
Standards  Committee  Meeting  on  Tuesday  morning. 
.Ian.  Id.  tn  the  end  of  the  Passenger-Car  Session  on  Fri 
day  afternoon,  -Ian.  L3,  the  period  of  all  the  technical  and 
al  activities  of  the  week,  the  evidence  was  cumulative 
and  conclusive,  as  demonstrated  by  the  quality,  scope  and 
subject  matter  of  the  papers  presented,  thai  the  serious 
painstaking  work  of  automotive  engineers  during  the 
past  12  months  had  resulted  in  something  worthwhile, 
something   well   worthwhile,   something   that    they   and 

■  rs  can  use  as  a  stepping-stone  to  further  progress 
and  therefore  something  that  will  benefit  humanity. 

When  one  considers  the  exigencies  of  modern  life,  its 
exorbitant  demands  upon  an  individual's  time,  his  money, 
Ids  physical  and  nervous  energy,  what  does  it  mean  when 
a  single  industry  can  send  nearly  800  representative  mem 
hers  to  spend  a  week  at  some  central  point  for  the  ex- 
press purpose  of  reporting  upon  standardization,  re- 
search and  experimental  work,  and  to  outline  and  corre 
late  future  plans  for  progress?  This  is  what  the  auto- 
motive industry  did  in  this  particular  instance.  1 1  means 
that  members  of  the  Society  realize  the  economic  im- 
portance of  their  work,  that  its  demands  for  progress  are 
so  insistent  as  to  permit  of  no  delay,  and  thai  they,  and 
those  who  could  not  attend,  are  willing  and  anxious  to 
subordinate  their  personal  affairs  to  general  cooperative 
effort  that   is  certain  to  produce  general  and  good  results. 

Few  people  realize  the  vast  scope  of  the  automotive 
industry.  Let  us  glance  over  the  program  of  this  Meet- 
ing and  remember  that  each  subject  scheduled  is  a 
pi  in  ml  subject,. representative  of  an  infinitude  of  detail. 
The  materials  of  construction,  research,  design,  construc- 
tion and  operation;  motor  vehicles,  motor  ships  and  air- 
craft ;  the  internal-combustion  engine,  its  fuel  and  all  else 
that  pertains  to  any  one  of  them  are  touched  upon  either 
directly  or  indirectly  as  one  follows  this  program  through. 
Thus,  the  automotive  industry  is  alive  and  enters  into 
or  influences  everv  life. 


Standards  Committee  Reports 

The  Reports  submitted  by   lt>  Divisions  of  the  Stand- 
ards  Committee  covered   35   subjects   with   reference    i" 
which  recommendations  had  been  formulated  since  the 
Summer  .Meeting  of  the  Society  at  West  Baden,  Ind.,  last 
May.     Thirty-two  of  the  proposals  were  approved  sul 
stantially   as   submitted,  there  being  slight   revision,  re- 
sulting   from    discussion    in    the    Standards    Committee 
Meeting,  of  the  recommendation  for  Non-Metallic  Con 
duit  and  Copper  Sheet,  Specification  No.  71.     The  Gen 
luator  Flange  Mountings  report  was  referred  back  to  the 
Electrical    Equipment    Division   by   the   Standards   Com- 
mittee, and  the  revision  of  the  Engine  Testing  Forms  sub- 
milted  was  referred  back  to  the  Engine  Division  at  the 
Society  meeting. 

Probably  the  most  important  report  passed  upon  is 
that  of  the  Iron  and  Steel  Division,  this  being  a  com- 
plete revision  of  the  entire  Iron  and  Steel  Specifications. 
The  most  extensive  revision  of  the  report  was  embodied 
in  Part  IX,  General  Heat-Treatments.  This  part  gives 
an  outline  of  the  general  heat-treatment  for  representa- 
tive composition  of  the  groups  of  S.A.E.  Steels  in  ac- 
cordance with  the  best  modern  metallurgical  practice.  It 
also  includes  revised  data  in  the  form  of  simplified  charts 
of  physical  properties,  extended  to  include  a  number  of 
types  of  steel  for  which  such  data  have  not  been  pub- 
lished heretofore  in  the  S.A.E.  Handbook.  The  Division 
is  preparing  similar  data  for  the  types  of  steel  not  so 
covered  in  its  current  report. 

The  report  of  the  Passenger-Car  Body  Division  also 
is  important,  particularly  as  it  is  the  first  report  of  this 
Division,  which  was  organized  as  a  result  of  the  intense 
interest  shown  at  the  1!>21  Annual  Meeting  of  the  Society 
with   regard   to  body  standardization. 

A  report  was  submitted  by  the  Tire  and  Rim  Division 
un  the  form  of  recommended  practice  for  a  revised  list 
of  pneumatic-tire  and  rim  sizes  for  passenger  cars  and 
motor  trucks.  This  recommendation  was  presented  as 
a  report  of  progress  only,  however,  because  of  unex- 
pected circumstances  arising  among  the  tire  manufac- 
turers in  connection  with  such  a  recommendation.  The 
Tire  and  Rim  Division  expects  to  submit  a  conclusive 
report  on  the  subject  at  the  1922  Summer  Meeting  of  the 
Society. 

The  Reports  of  the  Divisions  to  the  Standards  Com- 
mittee were  published  on  pages  383  to  435  of  the  Decem- 
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ber  1921  issue  of  The  Journal.  The  revisions  in  these 
reports,  together  with  the  important  discussion  of  them, 
are  specified  elsewhere  in  this  issue.  A  mail  vote  on 
final  adoption  of  the  reports  as  revised  will  be  opened 
shortly  and  closed  on  March  11.  All  of  the  members  who 
are  entitled  to  vote  will  be  furnished  letter-ballots  in  this 
procedure  under  the  Regulations  Governing  the  Stand- 
ards Committee. 

Airplane  Engine  Session 

The  first  of  the  technical  sessions,  held  on  Tuesday 
evening,  was  devoted  to  airplane  engines.  There  were 
136  members  and  guests  present  and  judging  from  the 
trend  of  the  discussion  they  were  about  evenly  divided 
as  advocates  of  air  and  water-cooled  engines.  V.  E.  Clark 
guided  the  discussion  as  chairman,  first  introducing 
Charles  L.  Lawrance  who  read  the  paper  of  the  evening 
on  Air-Cooled  Engine  Development.  Mr.  Lawrance  ac- 
quainted the  audience  with  the  intensive  study  that  has 
been  made  of  air-cooled  cylinder  design  in  this  Country 
and  in  Great  Britain  during  and  since  the  war.  He 
showed  the  progressive  changes  in  the  proportions  and 
location  of  cooling-fins,  styles  of  cylinder-head  and  provi- 
sion for  exhaust-valve  cooling,  and  outlined  those  advan- 
tages of  aluminum  that  practically  demand  its  use  for 
sections  in  which  rapid  heat-dissipation  is  essential.  He 
stated  that  air-cooled  engines  developing  approximately 
25  hp.  per  cylinder,  which  are  being  produced  commer- 
cially, have  the  same  performance  ability  as  the  best 
water-cooled  engines. 

H.  M.  Crane  opened  the  discussion  with  a  summation 
of  the  weak  points  in  connection  with  air-cooled  engines 
that  led  him  to  favor  water-cooled  types.  He  expressed 
the  view  that  the  water-cooled  type  has  proved  to  be 
more  rugged,  even  when  considered  as  a  unit  with  the 
radiator  and  piping.  He  criticized  the  radial  air-cooled 
engine  as  being  difficult  to  overhaul  and  mount;  and 
stated  that  the  fins  break  too  easily,  that  the  visibility 
of  the  pilot  in  a  forward  direction  is  reduced  unduly  with 
this  type  of  engine,  and  that  he  had  found  the  task  of 
conducting  the  exhaust  gases  away  from  the  pilot  diffi- 
cult. D.  R.  Harper  mentioned  a  Bureau  of  Standards 
test  that  indicates  that  16  per  cent  of  the  head-resistance 
due  to  the  engine  is  caused  by  engine  parts  and  valve- 
gear  that  play  no  part  in  the  actual  cooling.  He  agreed 
with  Mr.  Crane  that  the  centering  of  the  cooling  func- 
tion in  the  radiator  makes  it  possible  to  combine  mini- 
mum head-resistance  with  maximum  cooling-efficiency. 
G.  J.  Mead,  in  his  prepared  discussion,  compared  the  reli- 
ability, performance,  durability  and  cost  of  air  and 
water-cooled  aircraft  engines.  He  advanced  the  opinion 
that  the  two  types  are  equally  reliable;  that  the  advan- 
tage in  performance  of  either  type  has  not  been  estab- 
lished in  flight  tests;  that  the  water-cooled  engine  is  the 
more  durable;  and  that  there  should  be  little  difference 
in  first  cost.  Further,  that  the  air-cooled  aircraft  engine 
still  has  to  prove  its  power,  durability  and  controllability 
in  extensive  service-tests.  Capt.  G.  E.  A.  Hallett,  of  the 
Air  Service  Engineering  Division,  felt  that  the  greatest 
percentage  of  forced  landings  has  resulted  from  failure 
somewhere  in  the  water  system  of  water-cooled  engines. 
For  this  reason  alone,  he  recommended  that  air-cooled 
airplane-engine  development  be  encouraged.  He  men- 
tioned the  attainment  of  130  lb.  per  sq.  in.  brake  mean  ef- 
fective pressure  in  an  experimental  air-cooled  cylinder  at 
McCook  Field,  with  very  low  fuel-consumption.  This 
compares  favorably  with  water-cooled  engine  perform- 
ance. In  these  tests  the  exhaust-valves  cooled  very  satis- 
factorily, Captain  Hallett  stating  that  in  this  respect  the 


engine  was  superior  to  the  Liberty  engine.  H.  S.  Mc- 
Dewell  contributed  discussion  on  the  matter  of  compara- 
tive steps  in  heat  transfer  as  between  water  and  air- 
cooled  cylinders.  He  also  called  attention  to  the  fact  that 
nose-type  radiators  are  being  superseded  by  radiators  of 
increased  efficiency  and  lessened  head-resistance  that  are 
mounted  elsewhere  in  the  slipstream.  This  development 
naturally  enhanced  the  water-cooled  engine's  all-around 
desirability.  Mr.  McDewell  presented  last-minute  data 
on  the  performance  of  an  air-cooled  engine  of  Mr.  Law- 
rance's  design  that  was  tested  by  the  Navy,  this  engine 
producing  a  brake  mean  effective  pressure  of  123.3  lb.  per 
sq.  in.  S.  D.  Heron,  a  former  associate  of  Dr.  A.  H.  Gib- 
son, of  England,  answered  many  of  the  questions  raised 
in  the  discussion  and  his  remarks  were  received  with 
unusual  interest  in  view  of  his  intimate  relation  to  most 
of  the  British  air-cooled  engine  research  during  the  war. 
C.  B.  Dicksee  submitted  some  cylinder-temperature  data 
and  emphasized  the  importance  of  Mr.  Lawrance's  paper 
to  the  automobile  engineer  who  is  seeking  a  means  of 
accomplishing  the  proper  combustion  of  heavy-end  fuels. 
In  closing  the  discussion,  Mr.  Lawrance  disagreed  with 
Mr.  Crane  regarding  the  matter  of  the  air-cooled  engine's 
ruggedness  and  called  attention  to  the  simplicity  of  its 
crankshaft  and  bearings.  He  said  that  the  same  care 
must  be  exercised  in  handling  water-cooled  engines  as  in 
the  case  of  air-cooled  engines;  and  that  more  serious 
damage  would  result  from  water-pump  or  jacket  break- 
age than  from  broken  cooling-fins.  The  simplicity  of  pro- 
cedure in  the  mounting  and  dismounting  of  the  air- 
cooled  radial  aircraft-engine  was  cited  by  Mr.  Lawrance 
as  a  strong  point  in  its  favor,  and  he  was  of  the  opinion 
that  the  major  working  parts  of  the  engine  are  more 
accessible  than  those  of  the  V-type  water-cooled  engine. 

Business  Session 

The  new  plan  of  conducting  the  business  session  met 
with  much  favor,  the  reports  of  the  Vice-presidents  of 
the  Society,  in  addition  to  the  address  of  the  President, 
holding  a  great  deal  of  interest  and  value  to  the  members. 
The  intention  to  portray  the  respective  automotive 
activities  of  the  Society  during  1921  was  well  carried  out. 

research 

H.  M.  Crane,  vice-president  for  aviation,  and  chair- 
man of  the  Research  Committee,  discussed  briefly  the 
work  of  the  Research  Department,  Dr.  H.  C.  Dickinson 
being  forced  to  be  absent  owing  to  illness  in  his  family. 
Mr.  Crane  said  that  one  of  the  most  important  things 
regarding  research  work  is  the  collection  and  dissemina- 
tion of  information.  Whether  consciously  or  uncon- 
sciously, in  the  past  many  have  come  to  the  meetings  of 
the  Society  hoping  to  meet  other  engineers  and  talk  over 
this,  that  or  the  other  problem  with  them.  That,  un- 
doubtedly, is  the  most  pleasant  and  profitable  thing  to 
do,  but  it  is  not  always  possible,  and  for  many  of  the 
younger  members  it  is  practically  impossible.  The  Re- 
search Department,  if  it  meets  expectations,  will  help  to 
fill  this  gap  and  act  as  a  great  clearing-house  of  infor- 
mation for  all  the  Society  members,  including  the  juniors 
and  everyone  who  is  interested  in  research  work. 

The  second  idea  is  that  this  collection  and  dissemina- 
tion of  information  will  initiate  a  great  educational 
movement  throughout  the  ranks  of  the  Society  and  also 
in  many  institutions  such  as  universities  and  laboratories 
where  research  work  is  undertaken.  A  great  quantity 
of  research  work  fails  to  produce  worthwhile  results  on 
account  of  wrong  methods  of  attack  or  the  use  of  insuffi- 
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eiently  accurate  apparatus.  Sometimes  an  entire  mis- 
apprehension of  the  problem  that  is  being  attacked  is 
followed  by  a  number  of  very  interesting  readings  that 
have  no  bearing  on  the  Bubject 

Undoubtedly  in  the  long  run  the  university  laboratories 
will  be  very  useful  adjuncts  to  the  already  over-worked 
laboratories  of  the  industry  in  connection  with  the  many 
problems  of  research  that  are  confronting  us. 

Mr.  Crane  asked  for  the  earnest  cooperation  of  all  the 
members  of  the  Society  in  answering  the  Research  De- 
partment questionnaires,  furnishing  all  the  information 
that  they  reasonably  can.  with  due  consideration  for  the 

rights  of  their  own  companies.  He  said  that  if  they  do 
this  they  will  vet  in  return  from  the  Research  Depart- 
ment informal  ion  of  value  in  greater  amount  than  they 
furnish  it  to  the  Department. 

PROGRESS    IN    AVIATION 

Mr.  Crane  expressed  the  conviction  that  aviation  made 
a  great  stride  forward  in  1921  in  spite  id'  the  relatively 
small  amount  of  money  available  for  development  work. 
The  steady  efforts  exerted  in  many  countries  to  make  the 
airplane  commercially  useful  have  added  greatly  to  our 
fund  of  knowledge  and  have  been  laying  a  foundation  on 
which  eventually  will  be  built  a  most  important  addition 
to  our  means  of  transportation. 

The  attempt  to  use  wartime  machines  in  commercial 
service  resulted  in  many  failures  so  far  as  economic 
effectiveness  is  concerned,  but  from  each  failure  came 
some  additional  data.  The  men  of  the  industry  and,  to 
some  extent,  the  public  are  becoming  acquainted  with 
what  service  can  reasonably  be  expected.  During  this 
year  a  still  greater  advance  in  the  direction  of  realizing 
just  what  real  transportation  service  is  should  be  made. 
A  lack  of  this  realization  in  the  past  has  been  the  cause 
of  our  failure  to  make  the  most  of  the  wonderful  speed 
of  the  airplane. 

In  many  cases  those  attempting  to  establish  airplane 
lines  have  not  seemed  to  appreciate  that  in  the  case  of 
passengers  the  points  of  departure  and  of  destination 
are  almost  invariably  the  home  and  the  office,  and  in  the 
case  of  mails  or  merchandise  the  post-office  and  the  ware- 
house. The  time  in  transit  will  be  figured  invariably  in 
this  way  and  no  amount  of  speed  during  portions  of  the 
trip  will  have  any  permanent  effect  on  the  public  point 
of  view.  The  greatest  handicap  that  must  be  overcome 
before  we  can  expect  to  see  commercial  aviation  success- 
ful on  any  considerable  scale  is  the  almost  entire  absence 
of  terminal  facilities  adapted  to  commercial  service.  As 
it  is  usually  stated,  we  have  no  suitable  landing-fields. 
For  commercial  purposes  the  location  of  landing-fields  is 
of  essential  importance.  The  Pennsylvania  Railroad 
spent  many  millions  of  dollars  to  bring  its  passengers 
across  the  Hudson  River  and  into  the  heart  of  New  York 
City,  and  yet  before  the  building  of  the  Hudson  River 
tunnels  the  Pennsylvania  station  and  its  various  Metro- 
politan terminals  were  far  better  located  for  commercial 
transportation  than  the  most  accessible  landing-field  near 
any  big  city.  The  fact  that  an  airplane  can  fly  100  m.p.h. 
means  nothing  at  all  if  the  terminal  facilities  do  not 
allow  a  satisfactory  use  of  that  speed.  Until  we  encour- 
age the  people  of  the  Country  to  provide  terminal 
facilities  that  are  useful  for  commercial  transportation, 
we  will  not  have  any  commercial  transportation.  Each 
one  of  us  can,  by  using  his  influence  and  talking  to  others, 
including  political  representatives,  assist  in  fostering  a 
point  of  view  that  will  bring  a  big  improvement  in  this 
line.  The  commercial  airplane-terminal  will  have  to  be 
for  a  long  time  to  come  a  community  interest  of  some 


kind  and,  presumably,  financed  and  tout  rolled  by  the 
Government. 

It  is  natural  that  the  present  situation  exists.  .Most 
of  the  flying  fields  were  started  as  experimental  Hying 
fields  and  were  located  at  considerable  distances  from 
centers  of  population.     We  ha  ''gun  to  make  an 

impression  on  what  should  be  done  where  the  greatest 
amount  of  commercial  transportation  is  going  to  be  re- 
quired in  the  long  run:  that  is,  between  cities  like  New 
York,  Chicago,  si.  Louis,  Boston  and  Philadelphia.  It 
Is  onlj  under  the  most  favorable  circumstances  in  length 

of  haul  and  poor  railroad  service  that  the  airplane  can 
be  expected  to  overcome  the  present  inefficiency  in 
terminal  service.  It  is  clearly  the  duty  of  the  Society 
to  preach  the  gospel  of  air  transportation  and  to  point 
out  the  only  road  that  can  lead  to  ultimate  success. 

This  short  review  would  not  be  complete  without  a 
reference  to  the  bombing  tests  carried  out  jointly  by  the 
Army  and  the  Navy  last  summer.  These  tests  showed  a 
degree  of  efficiency  in  the  percentage  of  hits  and  in  the 
destruction  caused  by  the  larger  bombs  that  created  a 
very  considerable  sensation  among  the  people  as  a  whole. 
I  do  not  agree  with  those  that  see  as  a  result  of  these 
tests  an  immediate  revolution  in  methods  and  apparatus 
of  warfare  on  land  and  sea,  but  there  is  no  question  that 
the  aviation  arm  will  hold  in  the  future  an  even  more 
important  place  in  the  scheme  of  national  defense. 

The  past  year  has  seen  many  new  records  made  in 
aviation,  of  speed,  altitude  and  endurance,  but  I  think 
that  the  most  important  records  have  been  made  in  the 
Air  Mail  Service  and  in  the  transportation  lines,  both 
here  and  abroad.  Records  of  the  sporting  type  have 
their  uses  in  stimulating  the  imagination  and  in  arousing 
general  public  interest.  They  also  furnish  considerable 
engineering  information  of  value,  but  the  thing  that  we 
need  now  is  the  knowledge  of  how  to  conduct  a  regular 
daily  service  at  a  minimum  cost  and  fairly  certain  data 
as  to  what  that  cost  will  be. 

There  has  been  a  considerable  advance  during  the  past 
year  in  the  construction  of  both  powerplants  and  planes. 
It  has  been  proved  that  the  powerplant  and  plane  must 
be  the  result  of  painstaking  development  and  gradual 
evolution.  They  cannot  be  produced  by  a  sudden  leap 
into  the  dark  on  the  part  of  the  designer.  This  is  par- 
ticularly the  case  in  respect  to  the  complete  airplane  in 
which  the  installation  of  the  powerplant  and  accessories 
has  the  greatest  possible  bearing  on  the  safety  of  the 
operation.  I  have  never  been  able  to  see  how  a  really 
good  installation  could  be  expected  on  the  first  model  of 
a  new  design,  when  the  designer's  attention  is  naturally 
focused  on  the  strength  of  the  airplane  fabric  and  its 
flying  characteristics.  It  is  only  on  the  second  or  third 
model  of  a  given  series  that  the  installation  gets  the 
attention  that  it  deserves.  The  same  thing  applies  to  the 
engine  designer,  who  now  has  time  to  realize  that  the 
engine  must  be  mounted  in  an  airplane  to  be  of  real 
service,  and  that  a  successful  brake-test  is  not  the  final 


answer. 


TRACTOR   ENGINEERING 


Concerning  the  tractor  engineering  developments  of 
1921,  Vice-President  E.  A.  Johnston  reported  that,  while 
much  of  the  previous  development  activity  was  curtailed, 
due  to  retrenchment,  considerable  valuable  work  had  been 
done  through  concentration  on  essential  problems.  There 
is  an  evident  desire  on  the  part  of  both  the  builder  and 
the  owner  of  tractor  outfits  to  favor  a  dependable,  as 
well  as  more  durable,  outfit,  making  these  two  factors 
take  precedence  over  a  minutely  economical  unit  as  re- 
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gards  fuel.  This  is  particularly  noticeable  in  the  choice 
of  second  purchases,  repeat  orders  being  almost  uni- 
formly in  favor  of  the  higher-grade  equipment. 

High-class  construction  now  includes  working  parts  of 
high-grade  material,  parts  fully  enclosed  from  dust  and 
dirt,  well  lubricated  bearings,  liberal  use  of  high-grade 
anti-friction  bearings  or,  in  the  case  of  plain  bearings, 
liberal  proportions  of  good  quality.  Heat-treatment  of 
steels  has  been  extended  to  all  parts  adaptable  to  this 
process  and  its  refinements. 

Reducing  the  weight  of  tractors  by  the  use  of  high- 
grade  materials  and  designs  has  necessitated  more  and 
more  attention  being  given  to  wheels  and  lugs.  There- 
fore much  work  has  been  done  during  the  past  year  to- 
establish  the  relative  values  of  various  types  of  lugs, 
widths  and  diameters  of  wheels,  and  the  relations  of 
speed  to  draft,  although  there  is  still  a  great  amount  of 
research  work  to  be  done  along  these  lines.  The  gen- 
erally accepted  operating  and  plowing  speed  is  now 
approximately  3  m.p.h. 

While  many  two-plow  outfits  have  been  produced,  and 
their  sale  has  excelled,  there  is  a  tendency  toward  a 
larger  or  three-plow  tractor  that  will  accomplish  50  to  60 
per  cent  more  work  at  the  same  labor  cost.  Further, 
there  is  a  marked  tendency  toward  operating  the  wheels 
of  a  wheel  tractor  in  the  furrow,  which  limits  the  width 
of  drive-wheels  to  12  in.  for  a  14-in.  bottom.  This,  to- 
gether with  the  tendency  toward  reduced  weight,  results 
in  more  difficult  problems  of  developing  lug  equipment, 
lubrication,  and  meeting  the  various  conditions  due  to 
slippage  and  steering. 

Elements  and  equipment  such  as  ignition  apparatus, 
carburetion  and  distribution,  lubricants  and  methods  of 
lubrication  and  air-cleaning  have  improved  noticeably. 
These  features  are  relatively  more  necessary  to  the  pur- 
chaser than  refined  economy.  The  convenience  and 
safety  of  the  operator  have  been  studied  better,  result- 
ing in  greater  comfort  and  less  strain  during  operation. 

A  distinct  interest  has  developed  and  brought  forth 
much  improvement  in  power  equipment,  to  be  used  with 
and  without  the  tractor,  thus  extending  the  usefulness 
of  power-driven  apparatus. 

Standardization  work  has  received  much  attention, 
especially  along  the  lines  of  bolts,  nuts,  valves,  splines, 
bearings,  ratings,  material,  belt  speeds  and  pulleys. 

Some  interesting  development  in  light-weight  tractors 
of  the  track-layer  type  has  appeared.  Also,  considerable 
progress  has  been  made  in  the  development  of  steam 
powerplants  for  tractor  purposes. 

The  ever-present  question  of  liquid  fuel,  its  cost,  sup- 
ply and  suitability,  has  caused  a  marked  demand  for 
alcohol  developments.  This  call  comes  largely  from  for- 
eign fields,  where  sugar  refuse  is  available,  as  in  the 
Philippines,  Hawaii,  Cuba,  Brazil.  Argentine,  Esthonia 
and  France. 

The  agricultural  farm  power  equipment  industry  is 
firmly  established  and  with  the  continued  improvements 
and  refinements,  resulting  in  greater  dependability, 
durability  and  economy,  it  is  reasonable  to  assume  that 
the  demand  for  this  class  of  equipment  will  increase 
rapidly. 

THE    MOTORBOAT    FIELD 

Vice-President  Joseph  VanBlerck  said  that  when  the 
Society  inaugurated  the  development  of  standardization 
in  the  motorboat  field,  enthusiasm  was  high  and  interest 
very  keen.  Many  promising  projects  were  undertaken 
and  some  of  them  were  well  started  when  the  war  inter- 
fered and  it  became  almost  impossible  to  get  members 


together  on  this  work.  After  the  war,  by  the  time  the 
work  could  be  taken  in  hand  again  the  present  depression 
in  business  had  set  in,  and  since  the  engine  and  motor- 
boat  industries  received  their  setbacks  along  with  others, 
the  matter  has  been  practically  at  a  standstill. 

The  most  pressing  need  is  to  secure  the  cooperation  of 
additional  members  in  the  work  of  the  Motorboat  Divi- 
sion of  the  Standards  Committee.  The  standards  that 
have  been  formulated  by  the  Society,  applying  to  motor 
vehicles,  have  been  almost  universally  adopted.  This 
alone  proves  the  value  and  need  of  standardization  work. 
In  fact,  the  use  of  the  S.A.E.  Standards  in  the  motor- 
vehicle  field  is  becoming  so  much  a  matter  of  course  that 
there  is  danger  of  the  credit  for  the  establishment  of 
them  by  the  Society  being  overlooked  by  manufacturers 
in  general. 

STATIONARY   INTERNAL-COMBUSTION   ENGINEERS 

Theodore  C.  Menges,  second  vice-president  for  sta- 
tionary internal-combustion  engineering,  submitted  an 
excellent  analysis  of  the  business  and  engineering  condi- 
tions in  this  field.  He  said  that  the  great  volume  of  the 
business  comes  from  the  demand  of  the  farmer  and  that 
there  is  a  gradual  slacking  up  of  the  industrial  tension 
and  that  sales  are  beginning  to  pick  up. 

The  stationary-engine  business  has  been  built  up  by 
various  companies  specializing  on  certain  types  of  en- 
gines. Very  few  have  tried  to  cover  the  entire  field.  The 
business  naturally  groups  itself  under  the  following 
divisions: 

(1)  Lai'ge  engines 

(2)  Electric-Light  Engines 

(3)  Pumping  Engines 

(4)  Concrete-Mixer  Engines 

(5)  Milking-Machine  Engines 

(6)  Railroad-Section  Handcar  Engines 

(7)  Contractors'  Engines 

(8)  Air-Compressor  Engines 

(9)  Well-Drilling-  Engines 
(10)  Farm  Engines 

By  large  engines  are  meant  engines  of  15  hp.  and  over. 
They  are  used  principally  for  operating  (a)  powerplants, 
(b)  custom  elevators,  (c)  custom  feed  mills,  (d)  water- 
works, (e)  electric  lights,  (/)  grain  threshers  and  (g) 
ensilage  cutters.  For  purposes  a,  b,  c,  d  and  e  the  en- 
gines are  usually  of  the  single-cylinder  horizontal  type. 
Some  of  the  larger  plants  are  equipped  with  vertical 
multiple-cylinder  engines.  For  purposes  /  and  g  single- 
cylinder  horizontal  portable  engines  are  used  mostly. 
The  tractor  is  gradually  crowding  out  this  type  of  engine 
for  grain  threshing  and  ensilage  cutting. 

There  are  two  types  of  electric-light  engine;  the  large 
stationary  engine  for  small  cities  and  the  small  self- 
contained  unit  for  individual  use.  The  large  engines 
usually  have  extra-heavy  flywheels  and  run  at  a  higher 
speed  than  ordinary  stationary  engines  run.  They  are 
generally  throttle-governed,  and  run  on  kerosene.  The 
small  self-contained  electric-light  unit  is  a  vertical  engine 
direct-connected  to  a  dynamo.  The  entire  apparatus,  in- 
cluding the  switchboard,  is  mounted  on  an  iron  subbase. 
The  tendency  is  to  furnish  a  radiator  and  a  fan  for  cool- 
ing the  water.  Some  of  the  very  successful  plants  are 
air-cooled.  Nearly  all  of  them  operate  on  the  four-cycle 
principle. 

For  small  pumping  jobs  most  of  the  engines  used  are 
of  the  ordinary  single-cylinder  horizontal  type.  The 
pump  is  operated  by  a  belt-driven  jack  that  is  clamped 
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directly  to  the  pump.  Another  type  of  engine  is  geared 
to  the  pump.  In  this  the  jack  is  built  into  the  engine. 
For  heavy  deep  well-pumping,  the  type  used  is  call 
geared-base  engine.  It  has  a  set  of  larger  Rears  and 
bearings  built  into  it.  This  type  is  used  al  waterworks 
and  railroad-pumping  stations. 

Both  the  vertical  and  the  horizontal  types  of  engine 
are  used  for  concrete  mixing.  Working  in  the  dust  and 
dirt,  it  is  necessary  to  have  them  well  housed.  This  line 
of  business  is  about  the  most  active  of  any  at  the  present 
time.  This  is,  no  doubt,  due  to  the  price  of  concrete 
compared  with  wood  construction  and  to  the  greater  use 
of  concrete  for  building  purposes. 

Milking-machines  have  provided  a  new  field  for  sta- 
tionary engines.  The  engine  usually  is  equipped  with  a 
reduction-gear  to  give  the  slow  speed  required  by  the  ma- 
chine. The  engine  is  used  to  operate  the  vacuum  pump 
that  forms  the  principal  part  of  the  machine.  This  field 
is  growing  very  rapidly.  The  milking-machine  is  prov- 
ing to  be  of  great   assistance  to  the  dairy   farmer. 

The  smaller  type  of  engine  is  used  on  the  common 
handcar.  The  pump  levers  are  taken  off,  a  pulley  is  put 
on  the  axle  and  a  belt  from  the  engine  drives  the  hand- 
car. In  some  of  the  larger  and  more  elaborate  jobs  the 
installation  consists  of  a  multiple-cylinder  engine  with 
a  transmission.  The  use  of  an  engine  saves  a  great 
amount  of  time  and  has  proved  to  be  of  great  value,  not 
only  to  the  section-man  but  to  the  railroad  itself. 

Stationary  engines  are  used  by  contractors  to  till 
ditches  and  to  operate  cut-off  saws,  planers,  and  similar 
machinery;  also  for  hoisting  purposes,  in  which  case  a 
geared-base  hoist  is  built  into  the  unit. 

For  garage  use  air-compressor  engines  are  usually 
small  and  of  the  horizontal  type,  driving  the  compressor 
with  a  belt.  For  larger  jobs  the  engine  is  direct-con- 
nected to  the  compressor  and  both  are  mounted  on  a 
substantial  iron  subbase. 

Well-drilling  engines  are  usually  of  the  horizontal  type 
and  mounted  on  the  same  truck  as  the  well  drill.  They 
have  an  attachment  on  the  governor,  so  that  the  engine 
speed  can  be  varied.  A  large  number  of  these  units  are 
self-propelling.  A  recent  oil-well  drilling  outfit  included 
a  large  four-cylinder  vertical  engine.  This  job  was  50  ft. 
long  between  the  wheels  and  25  ft.  high.  It  weighed 
10  tons. 

Engines  used  on  the  farm  are  of  various  sizes  and  for 
different  purposes.  The  small  horizontal  engine  is  used 
mostly  for  pumping.  It  runs  also  the  washing-machine, 
the  cream-separator,  the  churn  and  the  milking-machine. 
The  larger  engines  are  used  for  sawing  wood,  grinding 
feed  or  cutting  ensilage.  The  demand  is  for  an  engine 
that  is  complete,  with  all  parts  mounted  on  skids,  so  that 
it  can  be  moved  around. 

I 'tuition 

Electric  ignition  of  the  battery  and  the  magneto  types 
is  used.  The  source  of  electricity  for  the  battery  ignition 
has  settled  down  to  the  dry  battery.  The  most  common 
form  of  battery  ignition  is  the  make-and-break.  Due  to 
the  fact  that  the  batteries  do  not  last  long  and  are  not 
reliable  enough,  this  form  of  ignition  is  gradually  being 
displaced  by  magneto  ignition. 

Three  methods  of  low-tension  magneto  ignition  are  in 
use:  i  o)  high-speed  rotary,  (6)  direct-geared  rotary  and 
(c)  oscillating.  The  high-speed  rotary  magnetos  have 
been  driven  from  the  rim  of  the  flywheel,  delivering  a 
direct  current  passing  through  a  coil.  This  form  is 
rapidly  disappearing  due  to  its  mechanical  shortcomings. 
Direct-geared   rotary   magnetos  are   used   on   almost  all 


makes  of  stationary  engine.  They  are  simple  in  con- 
struction and.  running  at  engine  speed,  are  very  durable 
and  reliable.  Oscillating  magnetos  are  of  the  high- 
tension  and  the  low-tension  types.  The  high-tension 
oscillating  magneto  has  not  been  used  to  a  very  great 
extent  in  this  Country,  but  is  used  largely  in  foreign 
countries.  The  low-tension  oscillating  magneto  is  being 
used  on  some  makes  of  engine.  It  is  installed  in  eonnec- 
tion  with  a  make-and-break  igniter  and  forms  a  part 
(hereof.  The  mechanical  action  of  the  heavy  springs 
that  jerk  the  armature  of  the  magneto  at  the  time  of 
producing  the  spark  is  a  serious  drawback  to  their  use. 
They  are  gnod  tor  starting  tin  engine,  but  are  subject  to 
severe  strain  when  the  engine  gets  up  to  speed. 

Governors 

Centrifugal  governors  are  used  on  stationary  engines. 
They  are  operated  generally  at  crankshaft  speed  but  are 
sometimes  geared  to  run  at  higher  speeds.  They  oper- 
ate op  two  different  principles.  Governors  that  control 
the  butterfly  or  throttle-valve  located  in  the  intake- 
manifold  control  the  speed  of  the  engine.  The  engine 
takes  an  explosion  every  time,  but  the  strength  of  this 
explosion  is  controlled  by  having  a  heavier  or  lighter 
charge  of  the  mixture  taken  in  to  the  cylinder.  This 
form  is  usually  called  throttle-governed.  The  hit-and- 
miss  governed  engines,  which  are  in  a  large  majority  at 
present,  control  the  number  of  explosions  or  charges  that 
aie  taken  into  the  cylinder.  This  is  accomplished  by 
causing  a  catch  to  stop  the  valve  motion,  and  to  hold  the 
exhaust-valve  open.  A  heavy  load  will  cause  the  engine 
to  take  a  large  number  of  explosions.  A  light  load  will 
cause  it  to  take  a  small  number  of  explosions.  In  this 
form  of  governing  the  quality  of  the  charge  and  the 
compression-ratio  always  remain  the  same.  Conse- 
quently, these  engines  are  very  economical.  The  exhaust- 
valve,  being  held  open,  allows  the  engine  to  draw  in  and 
expel  several  charges  of  cold  air.  This  keeps  the  engine 
coel  and  helps  to  scavenge  the  cylinder.  Hopper-cooled 
engines  use  less  water  when  of  the  hit-and-miss  type  than 
when  throttle-governed,  because  they  have  a  chance  to 
cool  down  between  explosions.  It  is  for  this  reason  that 
this  type  is  seldom  run  on  kerosene.  Kerosene  is  gen- 
erally used  in  throttle-governed  engines  because  they 
stay  hotter. 

Coaling    Systems 

Air-cooling  is  used  on  some  of  the  smaller  engines.  It 
is  used  extensively  in  cold  climates  where  there  is  danger 
from  freezing  the  cooling  water.  It  has  not  proved 
practical  for  the  larger  heavy-duty  engines.  Water- 
cooling  is  accomplished  in  several  different  ways.  Tank 
cooling  consists  of  having  a  large  stationary  tank  filled 
with  water  and  allowing  the  water  to  become  cooled  by 
evaporation  and  by  contact  with  the  air.  Overflow 
water  running  through  the  cylinder  jacket  and  discharged 
after  being  used  is  the  method  most  employed  on  very 
large  engines.  This  is  wasteful  of  water,  but  gives  the 
best  results,  as  the  temperature  of  the  cylinder  can  be 
accurately  maintained  at  the  most  efficient  point.  Radi- 
ators, installed  with  a  fan,  are  suitable  for  complete  unit 
powerplants.  They  take  up  a  very  small  space  and  do 
not  require  much  water.  They  are  employed  on  a  large 
number  of  small  electric-light  plants.  They  are  fitted 
also  to  portable  engines.  Water-pots  or  hoppers  are  in 
use  on  almost  all  small  stationary  engines.  The  water- 
pot  is  simply  an  enlargement  of  the  top  half  of  the  water- 
jacket.     It  holds  enough  water  to  keep  the  engine  cool 
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for  ordinary  work.    It  is  easy  to  fill  and  drain,  is  durable 
and  has  proved  its  worth. 

Lubrication 

The  lubrication  of  the  engine  is,  of  course,  very  impor- 
tant. There  are  four  principal  methods  in  vogue  at  the 
present  time:  (a)  drop-feed,  (6)  mechanical,  (c)  splash 
and  (d)  grease-cup.  Drop-feed  oilers  are  used  on  almost 
all  small  engines.  They  have  a  pipe  inside  of  them  to 
equalize  the  pressure  above  and  below  the  oil.  A  ball- 
check  prevents  the  explosion  pressure  from  blowing  into 
the  oil.  A  screw-stem  pointed  at  its  lower  end  regulates 
the  flow  of  the  oil.  Mechanical  oilers  are  common  on  the 
larger  engines  and  on  portables.  They  are  driven  by  a 
belt,  a  chain  or  gearing.  They  are  positive  in  their 
action  and  are  considered  valuable.  Splash  lubrication 
is  found  principally  in  vertical  engines  with  enclosed 
crankcases.  Some  horizontal  engines  have  this  system, 
although  it  is  not  very  reliable  or  much  used  in  this  type 
because  too  much  oil  is  thrown  into  the  cylinder.  Grease- 
cups  are  fitted  on  almost  all  small  engines.  They  lubri- 
cate the  connecting-rod  and  main  bearings.  Grease  seems 
to  give  better  results  on  babbitt  bearings  than  oil.  These 
cups  require  very  little  attention  and  are  very  reliable. 
A  cup  usually  has  to  be  filled  only  once  a  day. 

Gasoline  Mixers 

Gasoline  mixers  as  used  on  stationary  engines  are  op- 
erated according  to  three  different  systems:  (a)  float- 
feed,  (b)  pump-feed,  and  (c)  suction-feed.  Float-feed 
mixers  are  employed  on  unit  electric-light  plants  and  on 
some  portable  engines,  although  not  very  extensively. 
Pump-feed  mixers  are  used  on  a  number  of  engines. 
They  are  made  in  two  styles:  (a)  force-pump  and  (b) 
submerged-pump.  The  force  pump  draws  the  gasoline 
from  a  tank  located  outside  of  the  building,  or  out  of  the 
engine  base,  and  forces  it  into  a  small  reservoir  at- 
tached to  the  mixer.  The  surplus  gasoline  flows  back  to 
the  tank.  This  system  is  found  principally  oh  large  en- 
gines and  is  recommended  by  the  insurance  companies. 
The  submerged  pump  has  its  plunger  submerged  in  the 
gasoline  contained  in  the  reservoir.  It  simply  lifts  the 
gasoline  from  the  tank  and  discharges  it  into  the  reser- 
voir that  forms  a  part  of  the  mixer.  Suction-feed 
mixers  are  components  on  almost  all  small  engines.  The 
suction  of  the  piston  in  the  engine  draws  up  the  gasoline 
directly  from  the  tank  into  the  cylinder.  A  check-valve 
keeps  the  gasoline  from  flowing  back  and  prevents  back- 
firing in  the  tank. 

New  Designs 

A  few  new  engines  have  been  put  on  the  market  this 
year.  Among  these  may  be  mentioned  the  Cushman,  the 
Stover,  the  Waterloo  Boy  and  the  International.  These 
new-style  engines  are  smaller  and  lighter  than  previous 
models,  run  at  a  higher  rate  of  speed,  and  are  well  bal- 
anced and  govern  very  satisfactorily.  There  is  a  ten- 
dency to  use  steel  drop-forgings  as  much  as  possible.  Die- 
cast  removable  bearings  are  employed  almost  exclusively. 
These  are  made  of  babbitt  only  and  are  not  bronze- 
backed.  There  is  a  tendency  toward  lead-base  bearings, 
which  seem  to  run  cooler.  These  engines  are  all  hopper- 
cooled.  Most  of  them  have  their  base,  frame  and  cylin- 
der cast  in  one  piece.  Several  of  them  have  a  removable 
sleeve  inside  the  cylinder  to  permit  replacement  after 
wear  or  breakage.  Accurately  made  interchangeable 
parts  are  used  to  a  great  extent.  Smoother  and  better 
finished  castings  on  these  engines  indicate  an  advance  in 
foundry  practice. 


Where  possible  the  S.A.E.  Standards  are  being  incor- 
porated in  their  design.  This  is  especially  true  in  the- 
case  of  piston-rings. 

During  the  war  practically  all  stationary  engines  were 
put  out  to  run  on  kerosene,  due  to  the  high  cost  of  gaso- 
line. This  forced  the  builders  to  use  throttle-governed 
engines.  They  gave  good  satisfaction  on  fair  loads,  but 
on  light  loads,  as  when  pumping  water,  they  were  not 
entirely  satisfactory. 

The  hit-and-miss  engine  is  back  in  the  field  again  and 
seems  to  be  the  one  mostly  demanded. 

Conclusion 

Summing  up  the  status  of  the  stationary  engine  today, 
Mr.  Menges  said  that  the  demand  is  for  a  comparatively 
light-weight,  high-speed,  hit-and-miss  engine.  The  en- 
gine has  a  tank  in  the  base  and  suction  feed.  It  has  a 
make-and-break  igniter  and  a  low-tension  built-in  mag- 
neto. It  is  hopper-cooled  with  water.  It  is  entirely  self- 
contained  and  is  mounted  on  a  set  of  substantial  skids. 
It  has  smooth  well-finished  castings  and  is  painted  to 
withstand  outdoor  usage. 

The  prospects  for  the  future  trade  are  good  and  a 
steadily  increasing  demand  is  expected.  As  in  all  other 
lines,  it  will  be  a  matter  of  the  survival  of  the  fittest. 
The  manufacturer  who  meets  the  demand  honestly  and 
fairly  will  certainly  reap  the  harvest. 

THE  STATUS  OF  THE  ENGINEER 

President  Beecroft  addressed  the  members  on  The 
Status  of  the  Engineer  in  Automotive  Economics,  after 
paying  his  "very  highest  and  sincerest  respects  to  the  ex- 
cellent Council  and  the  organization  that  stood  back  of 
the  Council"  during  his  administration.  He  spoke  of 
this  period  as  12  months  of  wonderful  cooperation,  the 
members  of  the  Council,  the  Officers,  the  chairmen  of  the 
committees  and  the  office  staff  showing  that  devotion  to- 
work  by  much  sacrifice  of  time  and  energy  that  alone 
makes  a  society  such  as  the  Society  of  Automotive  Engi- 
neers possible. 

He  said 

I  direct  your  attention  to  the  future  because  I  be- 
lieve that  today  we  must  look  to  the  future;  we  must 
accept  the  old  adage,  Let  the  dead  past  bury  its  dead. 
We  must  act  in  the  living  present  and  make  our 
actions  of  today  efficient  by  having  our  vision  focused 
ahead  on  what  we  believe  to  be  the  eventual  goal. 

I  would  be,  in  trying  to  add  to  the  picture  that  has 
been  made  before  you  today,  as  a  schoolboy  in  his 
earliest  hours  of  school,  with  shaking  hand,  with  un- 
trained muscles,  with  untutored  mind,  attempting  to- 
create  what  will  be  his  and  what  he  will  execute  in 
the  years  to  come.  We  should  survey  the  past  to  see 
how  easy  has  been  our  course.  The  roots  of  the  pres- 
ent are  always  found  in  the  past,  and  we  must  study 
the  past  if  we  are  to  proceed  correctly,  interpreting 
sanely  the  days  that  are  to  come. 

In  the  last  20  years  our  paths  have  been  rather 
pleasant.  I  wonder  whether  we  appreciate  how  for- 
tunate we  were  in  the  days  when  we  laid  the  founda- 
tions of  our  industry.  We  have  seen  the  national 
wealth  of  our  Country  more  than  doubled  since  1900. 
Has  not  our  national  per  capita  wealth  had  very  much 
to  do  with  the  wondrous,  spectacular  and  unprecedented 
development  of  the  automotive  industry? 

Let  us,  as  we  stand  in  the  midst  of  the  greatest 
problems  that  have  confronted  our  industry,  be  sure 
that  we  have  the  correct  perspective,  and  be  not 
blinded  by  the  successes  of  the  past,  which  have  come 
not  entirely  because  of  efforts  that  we  have  exerted 
but  largely  on  account  of  the  rapid  development  of  in- 
dusti'y  during  the  first  20  years  of  this  century. 
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Let  us  look  briefly  at  agriculture  ami  sit  the  devel- 
opment that  has  been  made  in  it.  Bear  in  mind  that 
45  per  cent  of  the  population  of  this  Country  is  de- 
.'.-rit  for  livelihood  upon  agriculture.  We  haw- 
learned  during  the  last  year  that  when  agricultun 
depressed  the  cities  in  the  agricultural  areas  follow 
se    closely.     The    town!  population 

respond    almost    instantly    to    tlie    condition    of    the 

individual    farmer.      The    .iti.--    of    40. 60,000    and 

1.00,000    population    in   the   agricultural    areas   of    the 

d   Mississippi  Valley  reflect  the  economii   statu 
the  farmer  within  not  over  8  to  lo  months. 

To  be  specific,  take  a  city  in  Iowa  that  had  an  un- 
expectedly good  business  during;  part  of  1921,  while 
the  farmers  of  that  State  and  the  farmers  of  the  corn 
belt  were  not  purchasing.  It  stopped  purchasing  some 
3  or  4  months  ago,  and  the  reason  is  not  far  to  seek; 
the  farmer  had  not  paid  his  bills  to  the  merchants  of 
the  city;  he  had  not  met  his  obligations  at  the  banks, 
which  were  naturally  shorter  of  fluid  funds  than  they 
were  a  year  ago.  We  cannot  divorce  the  towns  and 
cities  of  an  agricultural  area  from  its  farmers. 

The  value  of  farm  property  has  doubled  while  we 
have  been  working  to  build  up  our  industry.  The  total 
value  of  farm  machinery  per  farm  has  increased 
three-fold  since  1900.  This  machinery  has  increased 
production;  it  is  partly  the  cause  of  the  movement  of 
the  boys  from  the  farm  to   the  centers  of  population. 

We  have  had  also  an  increasing  crop-value.  Corn, 
our  greatest  crop,  had  a  value  of  $9  per  acre  at  the 
opening  of  this  century.  Today  its  average  value  per 
acre  has  risen  to  $15.  Perhaps  we  find  in  that  one 
of  the  reasons  we  have  had  the  great  sale  of  auto- 
mobiles to  the  farmer.  If  we  take  our  spring  wheat 
crop,  we  find  again  that  its  value  has  increased  from 
$7.50  to  over  $12  per  acre.  The  oat  crop  has  increased 
from  $7  to  approximately  $11;  the  potato  crop  from 
$34  to  $62.  Our  great  cotton  crop  has  increased  in 
value  per  acre  from  $15  to  $23.  In  the  case  of  the 
winter  wheat  crop  we  find  an  increase  of  from  $8  to 
$13  approximately.  Bear  in  mind  that  these  are  not 
war  increases  but  the  equivalents  of  increases  up  to 
the  year  1913. 

Have  we  not  as  an  industry  profited  greatly  from 
these  increases  in  farm  and  crop  values?  Are  we  giv- 
ing those  agricultural  conditions  that  we  have  come 
through  due  credit?  If  we  considered  the  increases 
during  the  period  of  the  war,  we  would  see  in  each 
case  a  greatly  ascending  curve  which,  of  course,  has 
fallen  off  in  the  last  year. 

Let  us,  as  representatives  of  our  industry,  give  credit 
where  credit  is  due.  With  the  figures  I  have  quoted  in 
mind,  we  can  perhaps  discount  better  the  problem  that 
lies  ahead.  It  is  generally  conceded  that  we  will  not 
in  the  next  20  years  another  great  increase  in  crop 
values,  because  other  agricultural  areas  of  the  world. 
such  as  Argentina,  Australia,  India,  Egypt  and  the 
Union  of  South  Africa,  as  well  as  Western  Canada, 
are  coming  into  very  close  competition  with  us. 

INTERNATIONAL  AFFILIATION  OF  ENGINEERS 

First  Vice-President  Horning  spoke  on  the  subject  of 
international  affiliation  of  engineers.     He  said: 

Strikes  are  going  on  all  the  time  that  have  nothing 
to  do  with  labor;  there  are  strikes  of  capital  and  there 
are  strikes  of  men  who  are  quietly  desisting  from  doing 
the  things  that,  in  view  of  their  peculiar  mental  and 
temperamental  characteristics,  they  should  be  doing  for 
the  world.  Capital  is  on  a  great  strike.  It  is  buying 
up  tax-exempt  bonds.  This  is  one  of  the  grievous  eco- 
nomic and  financial  problems  of  the  Country. 

Laborers  are  going  on  strikes,  or  have  gone  on 
strikes  in  the  past,  but  there  is  a  strike  that  is  eat- 
ing insidiously  at  the  great  benefits  the  world  should 
have  from  engineers  and  inventors,  and  that  strike  is 
the  one  thing  that   is   keeping  us  from   solving  many 


problems.  I  maintain  that  throughout  the  world  th 
are  ideas  in  the  safe  boxes  and  in  the  minds  of  nun 
that  would  solve  many  a  problem  if  these  men  were 
are  of  a  fair  deal  or  a  just  return  for  their  effort. 
One  of  the  things  that  have  prevented  many  very  good 
inventions  in  this  Country,  as  well  as  in  Europe,  is 
that  inventors  invariably  have  felt  that  they  were  not 
sure  of  a  return.  Only  in  the  dire  stress  of  poverty 
have  they  let  go  of  some  of  their  ideas.  Our  fuel 
problem  and  many  of  the  most  serious  problems  that 
fare  us  arc  suffering  for  solution  because  inventors  are 
not  sure  that  they  will  get  their  just  return  in  the 
markets  of  the  world. 

If  our  patent  system  could  be  revised  so  that  there 
would  he  fairness  to  inventors,  if  it  were  more  certain 
that  their  efforts  would  be  rewarded  and  that  there 
would  be  sure  jobs  for  them,  and  that  they  would  be 
comfortable  in  their  work  and  happy  in  their  environ- 
ment, great  things  would  come. 

I  have  received  so  much  benefit  in  my  own  work 
from  contact  with  foreign  engineers  that  I  cannot  help 
but  pay  a  great  tribute  to  them.  Before  the  war  the 
isolation  of  Europe  was  almost  complete  to  all  except 
the  chosen  few.  Today  it  seems  no  farther  off  than 
Boston  or  Cuba  seemed  then. 

Engineers  have  been  drawn  together  and  the  co- 
operation between  the  engineers  of  the  struggling  na- 
tions that  led  to  magnificent  accomplishments  during 
the  war  has  emphasized  the  great  value  that  accrues  to 
those  who  are  willing  to  accept  the  influence  of  the 
broader  aspects.  There  exists  a  fundamental  differ- 
ence in  viewpoint  that  arises  out  of  the  character  of 
the  trade  that  must  be  served  by  the  engineers  of  dif- 
ferent countries  and  out  of  the  difference  in  their  aca- 
demic training  and  national  temperament.  But  from 
a  closer  contact  of  engineers  throughout  the  world 
there  will  develop  a  higher  and  better  type  of  engi- 
neering. 

Not  over-estimating  the  advantages  of  typical  Amer- 
ican engineering,  which  reaches  its  highest  stage  in 
designs  suitable  for  quantity  production,  American 
engineers  are  interested  intensely  in  the  tendencies  of 
foreign  design  in  connection  with  solving  the  serious 
problem. of  economical  operation.  The  foreign  markets 
are  limited  compared  with  our  own.  At  this  time  one- 
third  of  our  States  have  each  more  cars  than  there  were 
in  Germany,  France  or  the  British  Isles  at  the  beginning 
of  the  war.  This  limitation  of  market,  the  distribu- 
tion of  national  wealth,  the  cost  of  fuel,  good  roads, 
short  distances  and  congested  traffic  have  combined  to 
present  problems  that  have  been  solved  by  the  foreign 
engineers  but  are  just  commencing  to  present  a  serious 
aspect  to  our  engineers. 

The  great  profession  of  engineering  is  thoroughly 
conscious  of  the  fact  that  world-wide  problems  face  the 
engineers  of  every  country  and  that  there  is  a  wide- 
open  door  with  respect  to  them.  There  is  no  such  thing 
now  as  isolation.  With  Russia,  Germany  and  Austria 
in  economic,  financial  and  political  collapse,  we  find 
our  own  Country  in  distress.  Every  part  of  the  world 
is  so  sympathetic  to  conditions  in  its  other  parts  that 
nothing  can  happen  in  any  activity  that  is  not  felt  in- 
stantaneously throughout  the  world.  Having  nearly  40 
per  cent  of  the  gold  of  the  world  in  our  possession,  and 
blessed  with  practically  unlimited  national  wealth,  we 
suffer  business  depression  and  financial  distress  because 
of  the  disturbed  and  depleted  condition  of  Europe. 
Engineers  in  general  must  become  more  and  more  fa- 
miliar with  what  their  brethren  throughout  the  world 
ai-e  thinking,  experiencing  and  accomplishing. 

Our  industrial  capacity  developed  by  the  war  makes 
world  markets  necessary  to  our  prosperity  and  economic 
stability.  Engineers  must  be  not  only  good  scien- 
tists but  also  thoroughly  practical  world-economists. 
Whereas  isolation  has  been  apparently  of  great  advan- 
tage to  the  mechanical  trades,  as  evidenced  by  the  in- 
hospitality   accorded  visitors  at  plants,   discriminating 
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tariffs,  sparse  interchange  of  technical  literature  and 
other  forms  of  provincial  aloofness,  there  is  now  a 
pressing:  demand  in  every  human  activity  for  a  relaxa- 
tion of  regulation  and  a  breaking-down  of  artificial 
barriers  to  international  intercourse.  Contact,  asso- 
ciation, intimate  concourse,  and  free  unobstructed  in- 
ternational exchange  will  tend  to  keep  the  world  at 
peace.  An  International  Affiliation  of  Engineers  has  a 
great  place  in  this  new  world  of  ours.  Kept  free  from 
political  tendencies,  it  will  rise  high  in  service  to  man- 
kind and  in  promoting  the  pursuits  of  peace  and  happi- 
ness. 

There  are  pressing  problems  of  standardization,  such 
as  an  International  Screw-Thread  Standard,  the  solu- 
tion of  which  we  may  have  to  leave  to  future  genera- 
tions. We  have  built  up  immense  debts  for  our  chil- 
dren and  grandchildren  to  pay.  We  shall  fail  in  our 
larger  opportunities  as  engineers  if  we  do  not  aid  them 
by  arriving  at  standards  that  will  make  a  ship  at  home 
in  any  port  when  it  comes  to  repairs,  and  permit  con- 
necting to  a  port  water-hydrant  with  an  interchange- 
able screw-coupling  in  distant  lands.  All  the  various 
mechanisms  of  the  world  should  be  repairable  with 
standard  bolts,  screws  and  nuts,  alike  in  India  and  in 
Indiana. 

Science  is  the  foundation  of  engineering.  Science  is 
bringing  the  mind  of  man  closer  and  closer  to  the  sub- 
lime truth  as  to  the  unity  of  all  things.  Some  of  our 
most  practical  problems  hang  on  the  intimate  knowl- 
edge of  the  constitution  of  matter.  Our  fuel  problem 
rests  on  the  same  laws  that  make  it  possible  for  radium 
to  melt  ice  in  an  amount  equal  to  its  own  weight  every 
hour.  No  nation  has  a  monopoly  of  minds  that  will 
solve  ultimately  the  enigma  of  matter  and  of  energy, 
which  when  known  will  solve  the  problems  of  science, 
engineering,  commerce  and  life. 

The  methods  of  research  that  arise  out  of  national 
mental  characteristics  are  of  great  assistance,  but  the 
assimilation  of  the  results  made  possible  by  them  is 
always  deterred  by  the  lack  of  standards  of  procedure 
and  measurement.  Here  a  great  matter  presents  itself 
for  solution. 

Engineers  must  be  first  good  scientists,  then  good 
psychologists,  then  good  economists.  It  has  been  said 
that  a  failing  of  engineers  is  that  their  minds  have  been 
limited  by  the  bare  necessities  of  their  profession. 
This,  if  true,  must  be  obviated.  Engineers  can  meet  in 
full  measure  their  duties  and  opportunities  only  when 
their  intei'ests  and  contacts  are  world-wide. 

The  Society  of  Automotive  Engineers  has  been  for- 
tunate in  its  contact  with  world  engineering,  through 
its  thoroughly  patriotic  cooperation  with  the  Govern- 
ment, before  and  during  the  war,  its  visits  abroad,  and 
its  hospitality  to  societies  of  foreign  lands.  It  has 
been  fortunate  in  having  presented  to  it  technical 
papers  by  such  world  authorities  as  Sir  Dugald  Clerk, 
Harry  Ricardo,  Dr.  Harold  Dixon,  and  others. 

The  Society  looks  forward  with  hope  to  a  broader 
and  more  sympathetic  cooperation  of  the  engineers  of 
the  world  and  contemplates  trustfully  an  effective  In- 
ternational Affiliation  of  Engineers.  Ambassadors  of 
the  arts  and  sciences   can  go  further  in   the   direction 


TABLE  2— APPLICATIONS  FOR   MEMBERSHIP  RECEIVED 

Factory  Representative  Other 


Date 

Campa 

1920 

April 

84 

May 

107 

June 

74 

July 

38 

August 

10 

September 

11 

October 

1 

November 

1 

December 

2 

328 

1921 

January 

3 

February 

0 

March 

3 

April 

19 

May 

:;i 

June 

12 

July 

5 

August 

3 

September 

1 

October 

2 

November 

3 

December 

2 

Sources 


Total 


61 

145 

65 

172 

38 

112 

37 

75 

93 

103 

90 

101 

86 

87 

88 

89 

56 

58 

514 

942 

68 

71 

65 

65 

89 

92 

77 

96 

59 

90 

54 

66 

19 

24 

32 

35 

36 

37 

47 

49 

63 

66 

72 

74 

84 


681 


765 


^he  Factory  Representative   Work  was  begun    in   April. 
1920,  and  in  March     ia21. 


of  world  peace  than  "diplomatic  covenants  openly  ar- 
rived at." 

MEMBERSHIP   INCREASE 

W.  A.  Brush  stated  that  2  years'  experience  as  Chair- 
man of  the  Membership  Committee  had  led  him  to  feel 
that  there  is  not  much  to  be  said  about  membership  in- 
crease work,  but  considerable  to  be  done.  He  continued : 
I  wish  to  say,  very  briefly,  that  in  1920  we  started  a 
membership  campaign  about  which  you  all  know  some- 
thing. I  refer  to  the  factory  representative  plan.  That 
worked  nicely  during  1920,  and  we  thought  it  would  con- 
tinue to  function  during  1921;  but  it  did  not.  Our  mem- 
bership increase  fell  off  during  1921  because  we  did  not 


TABLE    3 — INCREASE    OF    MEMBERSHIP 


End  of  Year 

1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 


TABLE 

1 COMPARISON    OF    S 

Dec.  31, 

Per  Cent 

Grade 

1919 

of  Total 

Service  Members 

13 

0.3 

Foreign  Members 

11 

0.2 

Members 

2,360 

52.3 

Associates 

1,350 

29.9 

Juniors 

514 

11.4 

Affiliate  Members 

95 

2.1 

Affiliate  Member  Representatives 

110 

2.4 

Enrolled  Students 

Total 

63 

1.4 

4,516 

100.0 

Dec.  31, 

Per  Cent 

1920 

of  Total 

18 

0.3 

50 

1.0 

2,706 

51.7 

1,495 

28.6 

692 

13.2 

112 

2.1 

117 

2.2 

41 

0.8 

Total 

Percentage 

Members 

Increase 

393 

654 

66.4 

982 

50.1 

1.447 

47.3 

1.713 

18.4 

1,743 

1.8 

1,783 

2.3 

2,121 

19.0 

3,284 

54.8 

3,986 

21.4 

4.516 

13.3 

5.231 

15.8 

5,317 

1.6 

ES 

Dec.  31, 

Per  Cent 

1921 

of  Total 

65 

1.2 

67 

1.3 

2,723 

51.2 

1,509 

28.4 

671 

12.6 

107 

2.0 

85 

1.6 

90 

1.7 

5,231 


100.0 


5,317 


100.0 
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work  hard  enough  in  membership  work.  Within  tin'  las) 
90  days  we  have  started  a  new  type  of  campaign  and  arc 
already  getting  some  results  from  it. 

A  verj  significant  and.  to  my  mind,  pertinent  fact  has 
de  itself  evident  during  this  year.  We  have  been 
iring  membership  applications  from  a  constantly  in- 
creasing number  of  industrial  executives,  general  man 
agers,  production  heads,  and  presidents  oi  companies.  I 
think  that  that  indicates  a  perception,  and  1  am  using 
that  word  advisedly,  on  the  part  of  the  executives  of  th( 
work  that  this  Society  has  done  foi  the  industry  and 
for  them,  tor  the  executives,  nut  for  tin'  engineers; 
they  arc  gradually  indicating  that  perception  by  coming 
into  the  Socie 

That  brings  me  to  what  our  beloved  First  Vice  Presi- 
dent said  a  little  while  ago  about  engineers.  Perhaps  at 
some  time  in  the  future  invention,  the  child  of  the  engi- 
neer's brain,  will  lie  represented  and  considered  as  prop 

erty  just  as  much  as  the  capital  dollar  is  considered  as 
property.    'Then  we  will  have  an  engineering  society  that 

will  function  tor  the  benefit  of  the  engineer  at  least  as 
much  as  it  dees  for  the  benefit  of  the  industry  at  large 
and   for  the  eapitalist. 

That.  I  am  convinced,  is  what  this  Society  has  don.' 
since  its  inception  and  is  doing.  It  has  benefited  the  in- 
dustry and  the  executive  as  much  as  if  not  more  than 
the  engineer.  So,  if  some  time  in  the  future  there  may 
l>e  an  engineering  society  that  has  the  interest  of  the 
engineer  at  heart,  we  will  have  no  trouble  with  the  mem- 
bership as  far  as  the  engineers  are  concerned. 
MEETINGS  COMMITTEE 

Chairman  C.  F.  Scott,  of  the  Meetings  Committee,  in 
submitting  its  report,  said  that  it  has  been  the  policy  of 
the  committee  to  make  as  small  a  draft  as  possible  on  the 
general  income  of  the  Society  for  meetings  attended  by 
a  certain  proportion  of  the  members,  so  that  as  much 
as  may  be  of  the  Society's  income  shall  be  available  for 
those  services  that  all  members  receive.  He  presented 
the  following  statistics: 

■  ty  Meetings  Held  during  1921  5 

Annual  Meeting,  New  York  City,  Jan.  11   13 
Chicago  Meeting.  Chicago,  Feb.  2 
Tractor  Meeting,  Columbus,  Feb.   10 
Aeronautic  Meeting,  Dayton,  May  21 
Summer   Meeting.   West  Baden,    May  24-28 
Sections    Meetings     Held    under    the    Auspices    of 

Sections  Committee  4C 

Papers    Presented    at    Society    Meetings    and    Pub- 
lished in  The  JOURNAL  59 
Papers   Presented   at   Sections    Meetings   and    Pub- 
lished or  Considered  for  Publication  42 

1923  1920 

Attendance   at    Annual    Meeting  304  1,196 

Attendance  at   Annual   Dinner  1,107  1,504 

Attendance  at  Carnival  770 

Attendance  at   Summer   Meeting  698  887 

Allotment  to  Meetings  Committee  in  Society  Budget  for 
Direct  Expenses   $15,500.00  (74  pel  cent  "f  Budget) 
Amount  Actually  Expended 

*  1 1 1 . : : 7 '. < .  1  7   (>;?  per  cent  of  Allotment) 
L921       1920 
Cost  per  Member  for  Meetings.  Direct   Ex- 
pense after  Deducting  [nco  $1.92     $3.24 
age    Membership    on    Which    Cosl    per 
Member  Is  Based  5,400      1.673 

per   Member  for  Allot nl    General 

Expense,  Meetings  Department             $4.90     $6.67 
Total  Expense  per  Member  for  All  Activ- 
ities of  the  Society  $43.00 

The  Society  has  followed  for  years  the  policy  of  mak- 
ing its  Summer  Meetings  self-sustaining,  except  for  gen- 


eral staff  expenses,  bj  a  direct  chart "  the  membi 

Other    meetings    are    made    partly    self-sustaining    by      i 

charge  for  dinner  tickets. 

Last  year  for  the  firsl  time  a  slight  additional  chari 
for  guests  over  that  for  members  at  the  Sum  nei    Meeting 

was  made  as  a  matter  of  fairness  In  those  who  pay  annua1 

A  similar  differential  was  made  for  the  attend- 
ance nl  guests  at  the  Dinner  and  Carnival  of  the  1922 
Annual   Meeting. 

The    presentation    of    papers    at     the    Society     and 

Section  Meetings  i    recognized  today  as  a  privilege  and  a 

distinction   worthy   of  the   best    thought    and  effort    of   tic 

leading  engineers  residing  in  this  Country  ami  abroad. 

Till     SI  I    I  IONS 

The  report  of  the  Sections  Committee,  submitted  by 
li.  R.  Corse,  its  chairman,  is  printed  in  full  elsewhere  in 
Ibis  issue  of  Tut:  JOURNAL.  Mr.  Corse  -aid  that  the  Sec- 
tions Committee's  work  has  consisted  of  taking  up  the 
problems  that  came  to  it  from  time  to  time  throughout 
the  year,  due  largely  to  the  difference  of  conditions  in  the 
places  where  the  Sections  of  the  Society  are  located.    The 

Committee  investigated  the  c lit  ions  as  thoroughly  as 

possible  and  then  made   recommendations   in  connection 
with  them  to  the  Council  of  the  Society. 

ELECTION  OE  OFFICERS 

H.  W.  Slauson,  11.  G.  McComb  and  A.  M.  Wolf  were 
appointed  tellers  of  election  of  officers  to  serve  during 
this  administrative  year  and  of  councilors  to  serve  dur- 
ing 1922  and  1923. 

They  reported  that  77-1  ballots  had  been  cast,  45  of 
these  being  void.  The  total  count  on  election  was  as 
follows : 

Prt sidi  nl 

B.  B.  Bachman  735 
Scattering  2 

First  Vice-Presidi  nt 

J.  V.  Whitbeck  73  I 

Second  Vice-President 

Representing  Motor-(  'or  Engineering 

F.  E.  Watts  734 

Scattering  1 

S,  cond  Vice-President 

Representing  Tractor  Enginei  ring 

O.  W.  Young  73  1 

St  coin!   \'ict ■-President 

lit  presenting   Aei  onautic  Engineering 

V.  E.  Clark  731 

S(  <■<)»(/  Vice-President 

Representing  Minim   Engineering 

H.  E.  Morton  732 

Si  eond  Vice-President 

Hi  in  i  senting  Stationai  y  Internal-t  'ombustion 

Engineering 

C.  B.  Segner  731 

For  Members  of  the  Council 

(To  serve  for  2  years) 

H.  M.  Crane  7:;:. 

Lon  R.  Smith  732 

C.  F.   Scott  7:;  I 

Scattering  2 

For   1/'  inin  1   hi    : In    ( 'ouncil 

(To  serve  for  1  year) 

W.  R.  Strickland  737 

Fur   T11  iisin  1  , 

C.   B.  Whittelsej  737 

TREASURER'S    REPORT 

Treasurer  Whittelsey  reported  that  the  Society's 
finances  are  in  unusually  good  condition.  During  the 
past  years,  up  to  Dec.  31,  L921,  a  surplus  reserve  of 
$134,251.74  has  been  accumulated,  the  greater  part  of 
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Income  from  Advertising(AHer  deducting  costofsaks)"^ 


Members  Dues  _. 


-100,000.00 

-90,000.00 
80,000.00! 


Contributions  from  Trade  Associations  .. 

Initiation  Fees  (After deducting  cost 

of  inducting  new  members) 

Interest  famed  on  Bank  Balance 

and  Investments 

I    |  Decreased  Income 
EI  Increased  Income 

ITEMS  OH  WHICH  INCOME  FEL  L  OFF  DURINS  YEA  Pi 

Advertising  Sales-  Net- IS.734.9J 

Initiation  Fees- Net-... 3122.75 

Contributions .   625.00 

I9.482.i8 

ITEMS  ON  WHICH  INCOME  WAS  INCREASED  DURING  YEA  It  : 

Members  Dues 9157.00 

Interest -  850.26 

10,007.26 
NET  DECREASE  IN  INCOME. 9475.42 


Text-  Journal of the  3.  A.  E. 
Handbook  Vol.  T-Standards 
Meetings -  - 


Transactions 

Sections 

Membership  Raster. 
Emplogment  Service . 

Research 

Miscell.Publications 
Cost  MiscellSales  — : 
(Income  deducted) 


40,000.00 
30,000.00 
^20,000.00 
10,000  00 
0 


□  Indicates  Amount  Saved  as  Compared 
with  Previous  Fiscal  Year 

vm  Indicates  Amount  of  Increased  Expense 
*%*  over  Previous  Fiscal  Year 


AMOUHT  SAVED  ON  * 

Cost  of Miscell.  Sales- ...9I739.73 

Miscell.  Publications .5460. 92 

Emplogment  Service 2499.37 

Membership  Roster. 6667.  74 

Meetings ^ .-9394.13 

TOTAL  SAVED.... $23,761.89 

AMOUHT  Of  INCREASED  EXPENSE  ON: 

Research... //499.I9 

Sections 2613.  is 

Transactions 3933.68 

Handbook-Vol.I-Standards. 12135.57 

lextof Journal  of  the  S.  A.  E 3209. 60 

TOTAL  INCREASED  EXPENSE. 23,291.19 

NET  SAVING. .470.70 


Fig.  1 — Income  Comparison  Fiscal  Years  1919-1920  and 
1920-1921 


Fig.   2 — Expense  Comparison  Fiscal  Years  1919-1920  and 
1920-1921 


this  being  invested  in  sound  securities.  On  Dec.  31  the 
Society  had  railroad  and  United  States  Government  bonds 
and  Treasury  certificates  of  a  par  value  of  $100,000,  the 
market  value  of  which  was  $96,192.80.  The  average  yield 
on  all  the  securities  is  4.74  per  cent,  which  is  considered 
excellent  for  absolutely  safe  investments. 

Figs.  1  and  2  show  graphically  the  relative  values  of 
the  various  items  of  income  and  expense  of  the  Society 
during  the  1920-1921  fiscal  year  as  compared  with  the 
last  previous  fiscal  year.  It  will  be  noted  that  the  ex- 
pense of  the  Society's  principal  activities  was  increased 
to  the  extent  of  $23,291.19,  but  that  through  careful 
management  enough  expense  was  eliminated  in  other  de- 
partments of  the  organization  to  offset  this  increase. 
Owing  to  the  general  depression  in  business,  the  net  in- 
come from  advertising  was  considerably  less  than  for  the 
previous  fiscal  year.  This  loss  was  partly  offset  by  an 
increase  in  the  membership,  with  a  consequent  increase 
in  members'  dues.  The  unexpended  balance  of  income 
over  expense  was  $9,475.42,  compared  with  $19,556.12  for 
the  previous  fiscal  year.  The  Society's  advertising  rev- 
enue reached  its  lowest  point  in  October.  Since  that  time 
the  income  from  this  source  has  increased  steadily. 

The  total  income  per  member,  after  deducting  cost  of 
sales,  was  $34.32,  compared  with  $41.69  for  the  previous 
year,  and  the  per-member  cost,  after  deducting  income 
from  meetings,  was  $32.57,  as  against  $37.50  for  the 
previous  year.  It  will  be  noted  that  the  cost  of  each 
member  to  the  Society  is  more  than  twice  as  much  as  the 
dues  he  pays.  This  is  made  possible  principally  through 
the  revenue  received  from  advertising  in  The  Journal, 


which  redounds  to  each  member  and  the  automotive  in- 
dustry as  a  whole  in  the  form  of  more  and  greater  So- 
ciety activities. 

Treasurer  Whittelsey  was  not  so  optimistic  about  the 
coming  year  and  emphasized  the  necessity  of  thorough 
cooperation  on  the  part  of  the  members  and  the  indus- 
trial leaders  with  the  Society's  affairs  in  keeping  up  the 
items  of  revenue  and  the  prompt  payment  of  dues.  For 
the  first  three  months  of  this  fiscal  year,  from  Oct.  1  to 
Dec.  31,  the  expenses  have  exceeded  the  income  by 
$4,324.79. 

At  the  organization  meeting  of  the  1922  Council  it 
was  felt  that  the  Society  must  continue  its  policy  of  con- 
stantly broadening  the  Standards  and  Research  work,  and 
to  provide  necessary  current  funds  for  greater  activity 
along  these  lines  it  was  thought  wise  to  eliminate  certain 
other  expenses.  The  decision  reached  was  to  eliminate 
the  greater  part  of  the  expense  of  printing  and  mailing 
the  Society  TRANSACTIONS  and  the  Membership  Roster 
and  at  the  same  time  continue  to  make  them  available 
to  those  members  who  wish  to  have  them.  In  future  the 
Transactions  will  be  available  to  members  who  order 
them  at  $2  per  part.  Sufficient  notice  will  be  given  so 
that  members  can  order  them  before  they  are  printed. 
The  Roster  will  be  reduced  in  size  to  an  alphabetical  list 
only  and  will  be  distributed  to  those  members  who  re- 
quest it  after  they  have  been  notified  that  it  is  available. 

Body  Engineering  Session 

The  Body  Engineering  Session  repeated  with  increased 
measure  the  success  of  the  first  meeting  of  the  kind  held 
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in  January,  1921.    This  year's  attendance  was  very  grati- 
fying in  point  of  numbers  and  included  a  large  repre 

ition  of  engineers  whose  activities  are  confined  ex- 
clusively to  body  design  and  production.  E.  <■',.  Budd, 
who  was  chairman  of  the  session,  opened  it  with  a  short 

•ment  of  the  Society's  work  along  bod)  standardiza- 
tion lines  during  the  past  year  and  emphasized  the  need 
for  most  active  and  impartial  cooperation  in  the  future 

wure  the  continued  success  of  Buch  standardization. 
The  Passenger-Car  Body  Division  has  proved  to  be  one 
"f  the  more  active  Standards  Committee  Divisions,  hut 
Mr.  Budd  expressed  the  belief  that  the  surface  had  been 
merely  scratched  in  a  field  replete  with  possibilities.  The 
paper  by  George  E.  Goddard  on  Body  Seating-Dimensions 
was  received  with  the  interest  anticipated  and  brought 
out  the  fact  that  body  engineers  are  fairly  well  agreed 
on  what  practice  it  is  best  to  follow  in  establishing  seat- 
heights,  seat-depths,  leg-room  and  similar  basic  dimen- 
sions. J.  E.  Schipper  emphasized  the  importance  of  pro- 
viding sufficient  room  between  the  steering-wheel  and  the 
rear  upper  corner  of  the  left  front  door-opening  in  order 
that  the  driver  can  enter  and  leave  the  car  easily  without 
disturbing  his  companion  in  the  front  seat.  George  W. 
Kerr  called  attention  to  the  lack  of  room  on  the  toeboards 
of  most  cars  for  the  driver's  left  foot  when  the  clutch  is 
not  being  operated.  Mr.  Goddard's  suggestion  that  a 
manikin  be  standardized  for  use  in  establishing  seating 
dimensions  met  with  general  approval.  J.  Ledwinka 
stated  that  he  had  devised  and  used  such  a  manikin  with 
satisfactory  results.  Mr.  Goddard  urged  the  body  engi- 
neers to  forward  suggestions  for  use  in  developing  a 
standard  manikin  to  the  Passenger-Car  Body  Division  of 
the  Standards  Committee  at  the  Society  headquarters, 
as  the  Division  will  undoubtedly  undertake  this  task  dur- 
ing the  year.  P.  W.  Steinbeck  illustrated  and  described 
a  new  type  of  open-car  enclosure  in  his  paper  on  The 
California  Top.  In  this  design  the  windows  slide  back 
and  are  stored  in  the  rear  quarter  of  the  top  instead  of 
being  detached  and  stored  in  pockets  when  not  in  use. 

R.  S.  Quaintance  presented  the  salient  points  in  his 
paper,  Harmony  in  Car  Upholstery,  with  the  aid  of  color 
charts  that  emphasized  the  harmony  between  certain  colors 
and  the  lack  of  it  between  others.  In  response  to  ques- 
tions in  the  discussion  Mr.  Quaintance  stated  that  he 
believes  blue  is  the  most  popular  paint  color,  with  gray 
second.  It  was  his  personal  feeling  that  brown  "is  the 
most  desirable  color  for  a  closed  car,  because  it  carries 
sufficient  red  to  leave  an  impression  of  warmth.  He  said 
that  the  selection  of  totally  neutral  colors,  such  as  gray 
or  black,  is  ultra-conservative  and  to  be  discouraged  when 
the  owner's  individuality  receives  consideration.  When 
asked  about  susceptibility  to  fading,  Mr.  Quaintance 
stated  that  blues  are  most  liable  to  be  affected,  red  and 
green  following  in  order.  George  W.  Kerr  expressed  the 
opinion  that  insufficient  care  and  poor  taste  are  used  too 
often  in  selecting  exterior  color-schemes  to  match  the 
interior  upholstery  of  bodies.  He  gave  examples  of  color 
combinations  that  are  not  necessarily  complementary  or 
in  agreement  with  the  color  scale  but  pleasing  to  the  eye. 
George  Mercer  raised  a  point  regarding  the  proper  dis- 
play of  upholstery  samples  and  called  attention  to  the 
disappointments  resulting  from  selections  made  from 
small  samples.  Mr.  Quaintance  said  that  it  is  difficult  to 
secure  an  exact  impression  of  the  appearance  of  any 
fabric  in  the  completed  car  from  either  large  or  small 
samples  and  suggested  the  trimming  of  a  sample  body  as 
the  only  certain  method  when  the  quantity  to  be  produced 


•See  The  Journal,  January.   1922,  p.  31. 


warrants  this  expense.  In  closing,  .Mr.  Quaintance  ad- 
vanced the  thought  that  one  of  the  serious  mistakes  of 
merchandising  is  not  providing  for  a  choice  in  the  selec- 
of  car  interiors  for  closed-car  purchasers.  Several 
options  should  be  offered  to  the  people  of  differing  per- 
sonality. 

The  paper  on  ihe  Manufacture  and  Application  of  Auto- 
mobile Varnishes  and  Paints,  by  L.  Valentine  Pulsifer, 
was  one  of  the  most  interesting  and  instructive  of  those 
presented  at  the  Annual  Meeting.  In  the  discussion  Mr. 
Pulsifer  brought  out  the  serious  variation  in  coat  thick- 
ness resulting  from  the  flowing-on  method  of  varnish 
application,  illustrating  his  remarks  with  sample  glass 
panels  the  coating-thickness  of  which  had  been  measured. 
He  described  the  methods  used  in  measuring  coal  thick- 
ness and  also  the  manner  in  which  the  elasticity  of  the 
several  coats  was  determined  and  how  it  should  be  gradu- 
ated. The  use  of  a  flat  rub-out  was  recommended  as  the 
most  satisfactory  means  of  producing  dull-finish  effects. 
Mr.  Pulsifer's  experience  has  shown  that  in  forced  or 
heat  drying  the  temperatures  should  not  exceed  150  to 
175  deg.  fahr.  and  that  less  heat  should  be  used  with  each 
succeeding  coat.  When  drying  the  final  flowing  coat  of 
varnish  there  is  little  to  be  gained  by  using  forced  drying. 
As  a  matter  of  fact,  it  results  only  in  dimming  the  luster. 
Mr.  Pulsifier  believes  that  the  spraying  system  is  very 
suitable  for  the  application  of  primers,  rough  stuff  and 
flat  color,  but  contended  that  the  spraying  of  varnish 
coats  has  never  been  accomplished  satisfactorily.  The 
need  for  a  thorough  cleansing  of  all  metal  paint  surfaces 
was  stressed  and  in  closing  some  of  the  chemical  reasons 
for  paint  failure  resulting  from  fading  were  stated. 

Lubrication  Session 

The  subject  of  lubrication,  the  different  kinds  of  lubri- 
cants and  their  desirable  and  undesirable  qualities  bears 
a  close  and  important  relation  to  the  production  and 
satisfactory  utilization  of  liquid  fuels.  The  internal-com- 
bustion engine  is  almost  as  insistent  in  its  demand  for 
good  lubricants  to  lessen  its  mechanical  friction  as  it  is 
in  its  demand  for  good  liquid  fuel. 

That  the  necessity  for  good  lubricants  and  good  lubri- 
cation in  engines  is  realized  fully  by  automotive  engi- 
neers was  made  plain  by  the  extensive  research  work 
that  was  summarized  in  the  able  papers  that  were  pre- 
sented at  the  Lubrication  Session  and  by  the  close  atten- 
tion paid  to  all  details  of  their  exposition.  H.  C.  Mougey 
presided. 

The  paper  on  Viscosity  and  Friction  had  been  printed" 
previously  and  was  presented  in  outline  only  by  the  au- 
thor, Winslow  H.  Herschel,  of  the  Bureau  of  Standards, 
so  that  more  time  might  be  available  for  its  discussion. 
Among  the  questions  discussed  were  the  connection  be- 
tween viscosity  and  friction  in  regard  to  the  amount  of 
clearance  in  a  bearing;  what  constitutes  the  quality  known 
as  "oiliness"  in  a  lubricant;  interfacial  tension  between 
the  oil  and  i.he  metal;  surface  tension;  the  thickness  of 
oil-films;  mineral  oils  and  the  addition  of  fatty  oils 
thereto.  The  statements  were  made  that  the  amount  of 
variation  in  lubrication  effectiveness  due  to  differences 
in  bearing  clearances  is  not  yet  fully  determined;  that 
"oiliness"  is  the  property  that  causes  a  difference  in  the 
friction  when  two  lubricants  of  the  same  viscosity  at 
the  temperature  of  the  oil-film  are  used  under  identical 
conditions;  that  interfacial  tension  is  an  interaction  be- 
tween the  oil  and  the  metal;  that  surface  tension  has 
little  effect;  that  very  little  experimental  work  has  been 
done  to  determine  the  thickness  of  oil-films;  and  that, 
since  there  is  slight  difference  in  mineral  oils  as  regards 
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oiliness,  organic  substances  are  necessary  at  times  to 
increase  this  effect.  The  need  for  some  method  of  test 
to  determine  when  an  oil  has  been  refined  sufficiently,  so 
that  it  is  neither  oyer-  nor  under-refined,  was  emphasized, 
and  mention  was  made  of  the  lubricating  properties  pos- 
sessed by  an  oil  of  light  viscosity,  but  having  great  oili- 
ness, obtained  from  petroleum-base  shale-oils  having  a 
large  content  of  unsaturated  hydrocarbons. 

The  relation  between  fluid  friction  and  transmission 
efficiency,  which  was  the  subject  of  the  paper  presented 
by  Neil  MacCoull,  of  the  Texas  Co.,  is  one  concerning 
which  small  appreciation  is  evidenced  in  the  related  litera- 
ture, there  being  a  lack  of  necessary  data  regarding  the 
variable  factors  of  automobile  friction-losses  such  as  the 
quantity  and  viscosity  of  lubricants,  the  efficiency  of 
worm-gearing  and  part-load  modifications.  Experiments 
to  determine  the  mechanical  losses,  including  all  fric- 
tion losses  between  the  working  gases  in  the  engine  and 
the  driving  wheels  of  the  vehicle  are  described  in  this 
paper,  and  supplementary  data  are  included  from  Pro- 
fessor  Lockwood's  experiments  at   Yale   University. 

Three  distinct  possibilities  for  increasing  the  fuel 
economy  of  a  motor  vehicle  are  specified  and  enlarged 
upon,  gearset  experiments  to  secure  and  develop  data  for 
a  four-speed  gearset  being  described  and  commented  upon 
at  length;  photographs  and  charts  illustrative  of  the 
equipment  used  and  the  resultant  data  are  included.  The 
effects  of  varying  the  speed  under  no-load  and  load  con- 
ditions are  studied,  inclusive  of  mathematical  analysis. 
and  the  efficiency  of  the  gearset  and  noise  measurements 
made  in  regard  to  it  are  discussed. 

An  interesting  item  of  information  was  mentioned  by 
Professor  Lockwood,  during  the  discussion  that  followed, 
to  the  effect  that  preparations  have  been  made  by  the 
University  of  Kansas  to  study  wind-resistance  by  mount- 
ing motor  vehicles  that  are  under  consideration  on  a  raft 
that  floats  on  a  lake  that  is  often  subject  to  high  winds. 
The  raft  enables  the  vehicle  to  be  turned  to  face  what- 
ever wind  may  blow,  the  expectation  being  that  this  will 
afford  many  advantages  over  wind-resistance  studies 
made  in  wind-tunnels. 

The  paper  by  Robert  E.  Wilson  and  Daniel  P.  Barnard, 
4th,  on  the  Mechanism  of  Lubrication,  presents  the  gen- 
eral theory  of  "greasy"  and  fluid  friction,  and  partial 
and  complete  lubrication,  and  points  out  that  all  the  cus- 
tomary quantitative  tests  and  specifications  for  oils  are 
designed  mainly  to  meet  conditions  of  fluid  friction  where 
the  motion  of  the  bearing  carries  and  maintains  a  film 
of  liquid  between  the  metal  surfaces.  It  was  stated  that 
the  present  specifications  for  lubricating  media  are  illog- 
ical and  inadequate  and  that  tests  should  be  developed 
that  will  measure  the  comparative  value  of  the  lubricant 
under  conditions  of  partial  lubrication.  Such  tests  would 
!;e  invaluable,  not  merely  to  the  users  of  oils  in  choosing 
the  one  best  suited  to  their  needs,  but  also  to  the  pro- 
ducers in  affording  a  sound  method  of  determining  the 
value  of  various  processes  of  refining  and  blending  their 
products.  Several  possible  methods  of  measuring  the 
value  of  an  oil  under  such  conditions  are  considered,  some 
of  the  essential  results  obtained  therewith  being  dis- 
cussed. 

The  importance  of  fundamental  experimental  work  to 
determine  the  precise  mechanism  of  lubrication  and  the 
composition  and  structure  of  the  film  that  is  effective  in 
partial  lubrication  is  emphasized.  The  hypothesis  is  of- 
fered that  the  latter  consists  of  a  plastic  or  gel-like  solid 
rather  than  a  liquid  film  that  is  produced  by  the  selective 
absorption  of  certain  constituents  by  the  solid  surface. 
These  constituents  are  believed  to  be  of  a  colloidal  nature, 


and  to  constitute  a  comparatively  small  proportion  of  the 
greater  number  of  mineral  oils  in  common  use. 

An  extensive  research  program  has  been  undertaken 
at  the  Massachusetts  Institute  of  Technology  to  study 
some  of  these  fundamental  aspects  of  the  mechanism  of 
lubrication.  Certain  new  methods  of  investigating  lubri- 
cating films  are  described  in  detail,  with  comment  on  the 
preliminary  data  obtained.  In  general,  the  results  appear 
to  support  the  hypothesis  of  a  plastic  solid  film  composed 
mainly  of  certain  colloidal  constituents  in  the  oil. 

The  discussion  following  this  paper  related  to  the  sub- 
jects of  glycerized  lubricating  solutions,  fatty  acids,  ad- 
sorption, the  effect  of  the  porosity  of  bearing  surfaces 
such  as  cast  iron,  and  kindred  details.  Much  interest  was 
manifested  in  the  definition  and  thorough  understanding 
of  just  what  constitutes  "oiliness"  in  a  lubricant.  The 
papers  and  discussions  were  replete  with  informative 
data. 

Motor-Truck  Transportation  Session 

At  the  technical  session  on  Wednesday  afternoon  deal- 
ing with  the  problems  of  motor-truck  transportation  two 
papers  were  presented;  one  by  Walter  Jackson,  dealing 
with  the  Past,  Present  and  Future  of  the  Motor  Omnibus, 
and  the  other  by  M.  C.  Horine  on  the  Economics  of  Motor 
Transport.  In  presenting  his  paper  Mr.  Jackson  dealt 
almost  entirely  with  the  present  uses  of  the  motor  omni- 
bus in  jitney  service  for  cross-country  work  as  a  sub- 
stitute for  interurban  electric  railway  lines  or  as  supple- 
mentary service  to  existing  street  railways.  He  brought 
out  the  fact  that  the  rate  of  fare  will  exert  a  marked  in- 
fluence on  the  ability  of  the  motor  omnibus  to  compete 
with  the  electric  railway  and  stated  that  10  cents  is  the 
proper  charge  for  a  high-grade  motor-bus  service  when 
the  average  length  of  ride  exceeds  3  or  4  miles  and  that 
the  only  opportunity  afforded  for  a  5-cent  bus-fare  is 
where  the  length  of  ride  does  not  exceed  2  miles  and  the 
buses  are  operated  by  one  man.  Another  point  made  by 
Mr.  Jackson  is  that,  while  many  estimates  for  motor-bus 
operation  show  a  cost  of  1  cent  per  seat-mile,  inclusion 
of  all  the  legitimate  items  increases  this  figure  at  least 
50  per  cent  and  possibly  doubles  it. 

In  opening  the  discussion  C.  M.  Manly  spoke  of  the 
effect  of  transportation  facilities  upon  suburban  real- 
estate  development  and  said  that  the  possibility  of  motor- 
bus  facilities  being  curtailed  to  some  extent  exerts  a 
retarding  influence  upon  the  purchase  of  land  in  com- 
munities that  are  dependent  upon  buses  only,  while  this 
is  not  true  to  so  great  an  extent  in  the  case  of  com- 
munities served  by  electric  railways.  At  the  same  time 
he  stated  that  he  realized  that  the  mobility  of  the  bus 
and  its  consequent  ability  to  change  the  routing  if  con- 
ditions make  this  desirable  at  any  time  help  to  secure 
the  interest  of  capital  in  motor-bus  companies.  Herbert 
Chase  questioned  the  cost  figures  given  in  the  paper, 
asking  if  upkeep  and  capital  expense  were  included  and 
stating  that  he  did  not  see  why  the  cost  per  seat-mile  in 
a  bus  should  be  twice  that  of  the  street  railway.  Also,  hp 
did  not  concur  in  Mr.  Jackson's  opinion  that  the  street 
railways  are  best  for  the  cities.  In  response  Mr.  Jack- 
son said  that  the  seat-mile  cost  was  based  on  operating 
costs  only  in  both  instances. 

T.  H.  Marburg  mentioned  the  possibility  of  utilizing 
the  trackless  trolley-car  as  a  transportation  medium  in- 
stead of  the  motor-bus  or  the  conventional  electric  rail- 
way car.  A.  J.  Scaife  stated  that  the  trackless  trolley 
has  the  same  disadvantage  of  fixed  routing  that  a  regular 
street  railway  has.  He  said  that  the  ability  to  reroute 
buses  in  case  of  traffic  blocks  or  changes  in  transporta- 
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tion  conditions  ia  a  great  advantage  for  the  bus.  He  also 
mentioned  the  congestion  of  traffic  caused  bj  regulations 
in  a  few  of  the  larger  cities  requiring  vehicles  to  come  to 
a  halt  when  the  streel  railway  cars  stop  to  discharge  or 
receive  passengers.    G.  A.  Green  agi  th  Mr.  S< 

that  the  trackless  trolley  lacks  the  Bexibilil  y  of  1  he  n 
bus  and  also  pointed  oul  that  the  wiring  must  be  installed 

before  the  route  can  i perated.    The  cosl  of  the  over 

head  structure  of  a  trackless  trolley  system  is,  he  stated, 
from  So, linn  to  SIO.ooo  per  mile;   in  ol  hi 
practically  as  much  to  install  a  mile  of  trackless-trolley 
system  as  to  purchase  a  single  vehicle. 

i  T.  Myers  said  thai  the  upkeep  costs  of  motor-bus 
systems  are.  SO  far  as  he  had  been  able  to  learn,  high. 
He  attributed  this  to  the  high  repair-costs,  which  he 
argued  were  due  to  insufficient   lubrication.     He  stated 

that,  based  on  a  charge  of  50  cents  per  hr.,  the  lubri- 
cation of  the  motor  vehicles  in  operation  in  the  United 
States  al  the  present  time  costs  s:>oo,ooo,ooo  p,.r  year, 
assuming  that  2  hr.  per  week  is  required  Eor  each  vehicle. 
This  he  claimed  is  excessive  as.  if  the  chassis  were  de- 
signed for  proper  lubrication  facilities,  only  '  -  hr.  everj 
two  months  is  all  that  each  vehicle  would  require.  Mr. 
Green,  in  reply  to  Mr.  Myers,  stated  thai  proper  lubri- 
cation is  ;i  relatively  simple  matter  and  that  in  reality- 
there  is  not  much  difference  between  the  motor-bus  and 
the  trackless  trolley  on  this  point.  He  said  that  the 
practice  of  the  Fifth  Avenue  Coach  Co.  is  to  lubricate 
each  bus  after  each  2000  miles  of  running  and  that,  due 
to  the  employment  of  hollow  shafts  and  members  where- 
ever  possible,  only  15  min.  is  required. 

H.  W.  Slauson  emphasized  the  necessity  for  protecting 
the  motor-bus  not  only  by  legislation  but  from  restrictive 
llation.  The  conflict  between  the  enactments  of  the 
IS  State  legislatures  and  the  numerous  municipal  and 
county  ordinances  is  a  serious  problem.  L.  ('.  Porter 
called  attention  to  the  lack  of  illumination  in  the  buses 
and  said  that  the  companies  should  do  everything  pos- 
sible to  forestall  legislation  along  this  line.  He  pointed 
out  that,  while  lighting  is  provided  for  the  comfort  of 
the  passengers,  it  also  possesses  advertising  value.  He 
felt  that  the  dome  lights  that  are  used  in  the  majority  of 
buses  are  inefficient  and  recommended  that  lights  with 
suitable  reflectors  be  employed,  even  if  this  makes  it 
necessary  to  increase  the  headroom. 

E.  C.  Pohlmann  spoke  of  the  conditions  surrounding 
bus  development  in  Chicago  where  five  different 
municipal  bodies  have  endeavored  to  regulate  operation. 
The  pioneer  motor-bus  company,  he  stated,  operated  for 
3  years  and  then  went  into  the  hands  of  a  receiver  who 
continued  for  the  same  length  of  time  and  then  sold  out 
on  the  basis  of  25  cents  on  the  dollar.  A  number  of 
viadu  e   located  along  the  line   of  one   motor-bus 

route  in  the  southern  portion  of  Chicago  and  these  neces- 
sitated the  design  of  an  entirely  new  vehicle.  Mr.  Green 
said  that  the  necessity  for  keeping  the  center  of  gravity 
low  to  prevent  overturning,  for  clearing  overhead  struc- 
tures and  for  good  appearance  demanded  that  the  head- 
room of  the  bus  be  kept  as  low  as  possible,  [ti  reply  to 
Mr.  Porter's  criticism  of  the  illumination  in  buses  he 
d  that  work  on  new  generating  apparatus  is  under 
way  and  he  felt  certain  that  better  illumination  for  buses 
would  be  available  within  a  year. 

Mr.  Chase  asked  if  anything  other  than  size  inherent 
in  a  motor-bus  makes  the  seat  cost  higher  than  in  the 
street  car  and  added  that  one  explanation  might  be  the 
upkeep.  He  also  inquired  whether  a  special  type  of 
•is  is  necessary  for  a  motor-bus  or  if  it  is  possible 
to  utilize  the  truck  type  of  chassis  as  produced  by  several 


companies.     R.  E.  Fielder  in  answer  to  this  last  question 

stated    that    the   minimum   width    for   bus   bodies   is   7    It. 
and  thai   the  load  is  concentrated  around  the  edge  of  t  lie 
body,  especially   when   the  bus   is  equipped  with   i 
tudinal    seats    and    to    a    certain    extent    when    the    small 
"';U1  eal     is    employed.      The    desirable    width    of 

chassis  for  motor-bus  work  ia  at  least  11  in.  greatei 

'ha'  ot  the  Standard  truck  chassis.  Another  point  that 
against  the  use  of  truck  chassis  is  that  the  floor 
Of  the  vehicle  should  be  as  low  as  possible.  The  truck 
chassis  is  from  ::t;  to  40  in.  above  the  ground  and  inas- 
much as  from  L0  to  12  in.  is  as  high  a  step  as  a  passenger 
(■an  make  comfortably,  it  is  necessary  to  have  three  or 

tour  Steps,  which  takes  up  all  the  platform  space,  or  use  a 

special  chassis.  Mr.  Marburg  stated  thai  the  cost  of  the 
electric  railway  is  divided  into  the  four  general  groups 
"'  maintenance,  wages,  power,  and  interest  and  deprecia- 
tion, of  these  being  proportional  to  the  mileage 
operated.  In  the  case  of  1  lie  bus  the  investment  per  -cat 
mile  is  much  less  than  with  the  street  railway  and  the 
operating  expenses  are  proportional  to  the  seat  mileage. 
The  upkeep  of  the  street  railway  car  is  much  less  than 
that  of  the  bus  and  the  cost  of  the  electric  current  used 
to  supplj  power  is  less  than  that  of  gasoline.  Mr.  Green, 
in  continuing  the  discussion,  said  that  for  units  of  the 
same  size  the  bus  should  not  cost  more  to  operate  than 
the  street  railway  car,  but  that  the  possibilities  for  over- 
loading the  latter  reduce  the  cost  of  its  operation  to  a 
very  material  extent. 

F.  \V.  Perry,  representing  the  Department  of  Plant 
and  Structures  of  the  City  of  New  "i  ork,  spoke  of  the  pub- 
lic emergency  that  made  it  necessary  for  the  city  to  oper- 
ate motor-buses,  street  railway  lines  and  trackless  trolley- 
cars.  In  his  opinion  no  competition  is  involved  between 
these  three  forms  of  transport  tit  ion.  He  pointed  out  that 
the  load  per  passenger-mile  is  heavier  in  the  case  of  the 
trolley  car  than  of  the  bus.  X.  G.  Shidle  stated  that  one 
factor  that  perhaps  has  retarded  the  development  of  the 
motor-bus  in  this  Country  is  the  necessity  for  the  manu- 
facturers being  sure  of  an  output  for  their  product  be- 
fore beginning  work.  In  England  the  motor-buses  are 
operated  by  the  tramway  companies,  and  that  is  true,  he 
thought,  to  a  large  extent  in  this  Country.  Both  forms 
of  transportation  have  particular  fields  in  which  they  are 
most  efficient,  and  for  the  so-called  middle  zone  special 
studies  must  be  made  to  determine  which  is  the  more 
efficient  and  economical.  A  special  type  of  chassis  is  nec- 
essary for  motor-buses.  The  competition  of  buses  with 
cars  from  the  standpoint  of  riding  comfort  and  lighting 
was  touched  upon  by  Mr.  Scaife,  who  said  that  the  aver- 
age jitney  is  rough-riding,  uncomfortable  and  poorly 
lighted,  due  to  the  placing  of  practically  any  form  of 
body  on  a  truck  chassis.  He  agreed  with  other  speakers 
that  a  special  type  of  chassis  for  motor-bus  work  would 
be  developed. 

J.  E.  Hale  cited  several  factors  that  enter  into  the 
question  of  whether  motor-buses  should  be  used  for 
transportation  in  any  given  situation.  These  were  the 
cost  to  the  rider,  the  maintenance  of  schedules,  speed, 
safety  of  operation  and  the  reluctance  to  permit  the  op- 
eration of  street-railway  lines  in  residential  districts. 
Aside  from  the  question  of  cost,  the  most  important  point 
is  whether  the  bus  can  transport  passengers  more  quickly 
than  street  railway  cars.  In  this  connection  he  brought 
out  the  fact  that  where  jitneys  compete  with  established 
street-railway  lines  they  are  preferred  to  the  cars  on 
account  of  the  speed  at  which  they  transport  the  pas- 
sengers. He  said  that  in  a  number  of  cities  railway  compa- 
nies also  furnish  electric  light  and  power  and  that  if  the 
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motor-bus  displaces  the  electric  car  as  a  mean  of  trans- 
portation there  is  a  question  as  to  what  effect  this  would 
have  upon  the  electric-light  and  power  service  of  the  com- 
munities involved. 

Practically  every  speaker  who  participated  in  the  dis- 
cussion of  the  paper  on  Economics  of  Motor  Transport, 
by  M.  C.  Horine,  emphasized  the  necessity  for  taking 
steps  to  prevent  the  enactment  of  legislation  restricting 
the  operation  of  motor  trucks.  In  presenting  his  paper 
Mr.  Horine  pointed  out  that  the  amount  of  traffic  is  not 
responsible  for  the  deterioration  of  the  road  and  that  the 
impact  of  the  moving  vehicles  is  not  as  serious  as  was 
formerly  considered.  While  legislation  limiting  the  size 
of  truck  used  to  7%-ton  would  affect  only  1  truck  in  ap- 
proximately 25,000,  he  felt  that  steps  should  be  taken  to 
prevent  such  restriction.  Another  point  upon  which  he 
placed  emphasis  was  that  the  motor  trucks  contribute 
more  than  their  share  of  the  expense  of  building  roads  in 
the  form  of  license  fees  and  various  forms  of  taxation. 
In  response  to  a  question  by  Mr.  Pohlmann  as  to  the  sav- 
ing resulting  from  the  operation  of  a  truck  over  a  good 
road  as  compared  with  a  bad  one,  Mr.  Horine  said  that 
while  data  on  this  featu\-e  had  differed  widely  in  the  past 
definite  figures  would  be  available  soon. 

W.  P.  Kennedy  stated  that  the  type  of  spring  suspen- 
sion and  the  tire  equipment,  with  reference  to  the  work 
to  be  performed,  are  fundamentally  wrong  in  the  motor 
truck  as  at  present  constructed  and  suggested  the  use 
of  progressive  spring  equipment  to  take  care  of  any  in- 
equalities in  the  road  and  dual  solid  and  pneumatic-tire 
equipment  to  function  at  heavy  and  light  loads  respec- 
tively as  remedies  for  these  conditions.  He  also 
pointed  out  the  waste  that  occurs  on  account  of  the  need 
for  producing  a  great  number  of  parts  to  take  care  of  the 
wide  range  of  truck  sizes  and  recommended  three  capac- 
ities of  truck,  nominally  rated  at  y2,  2  and  5  tons  respec- 
tively, as  a  solution  of  the  parts  problem,  as  well  as  offer- 
ing a  remedy  for  construction  and  to  aid  in  the  regula- 
tion of  taxation.  In  his  opinion  education  of  motor  truck 
users  is  not  possible.  In  concluding  his  remarks  Mr. 
Kennedy  made  a  rather  radical  suggestion  in  regard  to  the 
method  of  constructing  roads.  He  pointed  out  that  not 
only  is  there  a  waste  in  road-building  inasmuch  as  it  is  a 
seasonal  procedure,  but  that  the  methods  also  are 
crude.  He  advocated  the#  building  of  a  road  in  the  same 
manner  as  an  office  building  as  a  means  of  reducing  the 
cost  of  construction.  In  his  opinion  it  is  perfectly  feas- 
ible to  build  the  road  sections  on  a  mass  basis  at  all  sea- 
sons of  the  year  and  transfer  them  to  the  place  of  appli- 
cation after  the  subgrade  has  been  prepared.  In  reply 
to  this  suggestion  Mr.  Perry  said  that  it  is  not  possible 
to  build  roads  and  buildings  entirely  in  the  shops  and 
gave  it  as  his  opinion  that  90  per  cent  of  the  road  is  in 
the  foundation  and  its  drainage.  While  it  is  perfectly 
feasible  to  build  the  wearing  surface,  which  could  be  re- 
newed, in  the  shop,  this  surface  must  be  in  sections  of 
such  size  as  to  be  readily  handled  by  one  man.  If  the 
foundations  were  properly  built  and  drained,  there  would 
be  no  trouble  about  the  roads  wearing  out.  He  also  spoke 
of  his  observations  of  the  French  roads  that  have  steep 
shoulders  to  carry  off  the  water  so  that  it  does  not  get 
into  the  bed  and  cause  damage.  ■  In  conclusion  he  stated 
that  as  a  general  proposition  the  foundations  are  too 
weak  for  the  loads  carried  by  the  roads.  Mr.  Pohlmann, 
in  reply  to  the  suggestion  that  certain  standardized  sizes 
of  truck  be  built,  said  that  the  engineer  must  work  out 
units  that  meet  public  opinion  and  fulfill  the  require- 
ments of  traffic.  J.  F.  Winchester  stated  that  while  large 
trucks  have  damaged  the  roads,  this  has  been  due  to  the 


overloading  of  trucks  as  a  result  of  sales  propaganda. 
He  advocated  a  wheel-load  limit  of  800  lb.  per  inch  of  tire 
width  as  being  reasonable  from  the  viewpoint  of  the  op- 
erator of  motor  vehicles  and  also  as  a  load  that  will  not 
damage  the  roads.  He  felt  that,  although  pneumatic 
tires  are  efficient  from  a  road  point  of  view,  they  would 
not  compete  with  either  the  solid  or  the  cushion  tire. 

H.  M.  Rugg  emphasized  the  need  of  a  trained  personnel 
to  operate  the  motor  trucks  and  said  that  while  400,000 
men  are  required  to  maintain  the  motor  trucks  in  opera- 
tion at  the  present  time,  only  225,000  are  available  and 
that  of  this  number  not  over  40  per  cent  are  trained  or 
capable  of  performing  the  work  that  is  assigned  to  them. 
He  urged  that  engineers  set  a  standard  of  training  and 
education  for  motor-truck  operators  and  repair-men  and 
pointed  out  that  it  is  only  by  the  continual  application 
of  their  knowledge  of  motor-truck  construction  that  these 
two  classes  of  men  become  experts.  F.  W.  Davis  said 
that  the  industry  is  faced  with  the  fact  that  legislation 
is  in  process  of  forming  that  will  react  on  the  develop- 
ment of  the  motor  truck.  He  felt  that  roads  must  be 
protected  and  classified  as  regards  the  load  than  can 
be  carried,  with  certain  seasonal  variations  now  in  force 
in  some  States.  He  mentioned  the  Connecticut  motor- 
vehicle  law  which  the  truck  builders  had  opposed  when  it 
was  first  enacted,  but  now  considered  a  means  of  salva- 
tion that  the  industry  had  sought.  The  passage  of  sim- 
ilar laws  throughout  the  United  States  would  aid  the 
motor-truck  builder  in  his  efforts  to  produce  a  vehicle 
capable  of  carrying  the  desired  load  and  yet  meet  the 
whims  of  the  user  regarding  the  load  to  be  carried,  by 
setting  a  standard  for  the  motor-truck  builder  to  con- 
form to.  While  large  trucks  are  in  the  minority,  a  safe 
limit  must  be  placed  on  trucks  to  be  operated  in  fairness 
to  the  public  who  furnish  the  money  for  road  construc- 
tion. In  this  connection  Mr.  Davis  stated  that  the  load 
per  inch  of  tire  width  or  the  load  to  be  carried  by  a 
single  axle  is  a  workable  basis.  In  conclusion  he  pointed 
out  that,  while  motor  trucks  are  essential  on  the  highway, 
the  industry  should  endeavor  to  secure  legislation  that 
will  not  be  unduly  restrictive  and  at  the  same  time 'avoid 
the  carrying  of  excessive  loads.  Such  a  course,  he  felt 
certain,  would  result  in  the  securing  of  a  greater  mileage 
of  improved  roads  without  serious  opposition  on  the  part 
of  the  taxpaying  public. 

In  closing  the  discussion  Mr.  Horine  pointed  out  that 
the  banishing  of  heavy  vehicles  from  the  roads  by  legis- 
lative enactment  was  a  violation  of  American  justice  and 
not  supported  by  scientific  facts.  While  he  thoroughly 
endorsed  the  scheme  of  classifying  roads  according  to 
the  load  to  be  carried,  he  felt  that  this  should  be  on  the 
basis  of  traffic  requirements  rather  than  the  present  con- 
dition of  the  road.  The  economy  of  the  motor  truck  is 
not  measured  by  its  capacity  but  there  is  a  need  for  ve- 
hicles capable  of  carrying  heavy  loads.  In  connection 
with  the  remarks  of  the  various  speakers  on  restrictive 
legislation  he  stated  that  any  legislation  to  be  enacted 
should  restrict  the  possibilities  of  the  truck  to  damage 
the  roads  rather  than  its  load  capacity.  He  also  stated 
that  Mr.  Kennedy's  suggestion  regarding  three  standard 
ratings  for  trucks  is  practically  what  is  available  at  the 
present  time. 

Research  Session 

In  opening  the  important  Research  Session  toward 
which  the  many  members  of  the  Society  privileged  to 
attend  had  been  looking  forward  with  much  interest, 
Chairman  H.  M.  Crane  prefaced  his  introduction  of  the 
eminent  British  automotive  engineer,  Harry  R.  Ricardo, 
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who  read  his  comprehensive  paper  on  Recent  Research 
Work  on  the  Internal-Combust  ion  Engine,  by  Baying 
that  since  the  success  of  the  Society  has  been  due  to  co- 
operation, and  since  the  presence  of  Mr.  Ricardo  was 
proof  that  cooperation  in  the  automotive  industry  was 
international  in  character,  the  word  "cooperation"  might 
well  become  the  Society's  motto  and  si. 

The  large  auditorium   of  the   Engine  Societies' 

Building  was  used  for  this  session,  which  was  devoted 
entirely  to  the  presentation  and  discussion  of  Mr. 
Ricardo's  paper,  and  much  enthusiasm  was  man  nested  by 
the  large  audience  present. 

The  paper  describes  the  research  work  on  the  internal- 
combustion  engine  done  recently  in  Mr.  Ricardo's 
laboratory  in  England,  and  presents  his  deductions  there- 
from, based  upon  an  analysis  of  the  evidence  he  has  ob- 
tained to  date.  Fuels  are  discussed  at  length  under  three 
specific  headings,  many  tabular  data  being  included  and 
commented  upon,  and  the  calculation  of  thermal  efficii 
is  described.  .Mean  volatility  and  detonation  are  dis- 
cussed and  the  author's  present  views  regarding  turbu- 
lence are  stated,  this  being  followed  by  a  brief  summary 
of  the  conclusions  reached  by  Mr.  Tizard,  a  colleague  of 
the  author,  following  recent  investigations. 

The  influence  of  the  nature  of  the  fuel  upon  detonation 
is  presented,  a  lengthy  discussion  of  the  subject  of 
stratification  being  given  under  three  specific  divisions. 
inclusive  of  comment  upon  the  benefits  derived  from 
using  weak  fuel-mixtures.  The  paper  itself  is  concluded 
with  a  discussion  of  turbulence  with  reference  to  com- 
bustion-chamber design,  many  charts  and  photographs 
having  been  included  throughout. 

The  paper  is  supplemented  by  nine  appendices,  which 
include  discussions  of  mechanical  efficiency,  under  three 
specific  headings;  piston  experiments,  inclusive  of  four 
specified  deductions;  air  measurement,  with  a  descrip- 
tion of  equipment  and  methods;  the  total  internal  energy 
of  the  working  fluid  over  a  wide  range  of  temperature; 
the  influence  of  the  compression-ratio  upon  the  power 
output  and  efficiency;  the  influence  of  cylinder  size  on  the 
performance;  the  influence  of  cylinder  temperature  on 
the  power  output;  the  distribution  of  heat  in  a  high- 
speed internal-combustion  engine;  and  the  efficiency  of 
a  single-cylinder  engine  under  reduced  loads.  This 
supplementary  information  is  copiously  illustrated. 

Following  the  hearty  applause  that  was  accorded  the 
author  when  he  had  concluded  his  presentation,  this  be- 
ing given  while  the  entire  audience  was  standing  in  token 
of  their  appreciation  and  thanks,  Chairman  Crane  re- 
marked upon  how  difficult  it  is  to  comprehend  the  im- 
mense amount  of  creative  thought  and  arduous  labor 
that  are  involved  in  so  exhaustive  a  treatise  as  this. 

The  exposition  of  so  vast  a  subject  as  is  presented  by 
a  full  consideration  of  all  factors  relating  to  the  internal- 
combustion  engine  is  naturally  provocative  of  wide  differ- 
ences of  opinion  in  regard  to  some  of  its  many  phases, 
and  the  discussion  became  unusually  snappy  at  times 
when  some  of  these  differences  in  belief  were  expressed. 
But,  as  was  pointed  out  by  Prof.  0.  C.  Berry,  this  is 
exactly  the  desideratum  of  engineering  convocations  and 
he  therefore  advocated  that  automotive  engineers  descend 
from  any  possible  pedestal  of  false  modesty  or  false 
dignity,  express  their  ideas  fully  and  clearly  in  open 
forum  whenever  they  have  opportunity,  and  thus  obtain 
the  great  benefit  that  follows  a  full  and  free  interchange 
of  thought. 

Interest  appeared  paramount  regarding  present  ideas 
concerning  flame  propagation,  detonation  and  turbulence 
but  other  interesting  factors  also  were  much  in  evidence. 


The  pros  and  cons  of  the  introduction  of  exhaust  gas 
into  the  cylinder  were  expressed  briefly  and  a  descrip- 
tion of  tests  made  with  bombs  to  determine  the  ignition 
point  of  anj  fuel,  made  by  the  Bureau  of  Mines,  was 
given.  The  arrival  at  some  standard  method  of  com- 
puting engine  data.  BO  that  the  necessity  for  any  reeom- 
putation  can  be  eliminated  when  different  experimental 
data  are  to  he  compared,  was  advocated  and  it  was  sug- 
gested thai  the  Society  make  an  effort  to  accomplish  this. 

The  effect  on  detonation  of  carbon  on  the  piston  and 
the  cylinder  walls  was  related  and  the  experience  of  the 
Fifth  Avenue  Coach  Co.,  New  York  City,  with  the  Ricardo 
slipper-type  piston  was  described  and  illustrated  by 
lantern  slides. 

Questions  were  asked  relative  to  the  effect  of  spark- 
advance  on  detonation,  what  means  can  be  used  to  deter- 
mine when  detonation  does  and  does  not  occur,  what  the 
viewpoint  of  English  engineers  is  in  regard  to  dis- 
sociation and  other  pertinent  topics;  but,  since  the  re- 
plies were  made  by  Mr.  Ricardo  as  a  conclusion  of  the 
discussion  and  since  the  full  text  will  be  published  in  an 
early  issue  of  The  JOURNAL,  no  attempt  is  made  here  to 
more  than  indicate  the  trend  of  thought  during  this 
session. 

[As  Mr.  Ricardo  desires  to  make  some  corrections  in 
his  paper,  as  preprinted,  it  will  be  impossible  to  publish 
this  paper  in  The  Journal  for  February  as  was  in- 
tended. Members  who  desire  to  secure  a  copy  of  the 
uncorrected  preprint  of  the  paper,  of  which  a  limited 
stock  is  on  hand,  can  do  so  by  communicating  with  the 
Society's  office  in  New'  York  City.] 

Automotive  Materials  Session 

At  the  Automotive  Materials  Session  held  on  Thursday 
afternoon  the  discussion  related  principally  to  the  metal- 
lurgical phases  of  the  papers  presented.  With  reference 
to  the  paper  by  C.  N.  Dawe  on  Chrome-Molybdenum- 
Steel  Applications  from  the  Consumer's  Viewpoint,  R.  H. 
Sherry  pointed  out  that  the  chrome-nickel  physical-prop- 
erty figures  given  were  low  and  suggested  that  a  chrome- 
nickel  steel  containing  0.35  per  cent  of  carbon  be  used 
to  make  a  comparison.  In  reply  to  this  suggestion  Mr. 
Dawe  said  that  it  is  perfectly  feasible  to  use  a  0.35-per 
cent  carbon-steel  or  a  steel  of  the  S.A.E.  3200  Series 
and  get  a  merit  index  that  would  differ  in  form  from 
the  curves  shown  in  the  paper  but  still  bear  a  general 
relation  to  them.  Mr.  Sherry  said  that  he  did  not  believe 
in  the  merit  index  as  a  means  of  determining  the  use 
of  a  steel  for  automotive  purposes  and  in  this  contention 
he  was  supported  by  J.  H.  Nelson,  who  said  that  in  his 
opinion  the  merit  index  is  a  far  from  satisfactory  guide. 
He  also  suggested  the  addition  of  Brinell  hardness  num- 
bers to  the  tables  presented  in  the  paper  as  affording  a 
means  for  making  a  comparison,  and  stated  that  from 
a  production  standpoint  machinability  must  be  secured 
even  though  the  hardness  of  the  steel  be  reduced  in 
the  attempt.  He  took  exception  to  the  statement  of  Mr. 
Dawe  that  the  reduction  of  area  of  a  steel  and  the  impact 
test  results  bear  a  definite  relation  to  each  other.  J.  D. 
Cutter  agreed  with  Mr.  Nelson  regarding  the  merit  index 
and  said  that  it  could  not  be  used  to  compare  tests  made 
under  different  conditions,  although  the  curves  in  the 
paper  possessed  some  merit  as  affording  a  means  of  com- 
parison. In  response  to  a  Question  by  George  L.  Norris 
as  to  how  steel  produced  with  calcium  molybdenate  com- 
pares with  that  in  which  ferromolybdenum  is  used,  Mr. 
Cutter  said  that  equally  good  results  are  obtainable  with 
either  but  that,  so  far  as  he  knew,  no  steel  in  which 
calcium  molybdenate  was  used  had  been  produced  in  the 
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last  year  and  a  half.  In  concluding  the  discussion  Mr. 
Sherry  endorsed  Mr.  Nelson's  suggestion  regarding  the 
addition  of  the  Brinell  hardness-numbers  and  stated  that 
this  is  necessary  to  meet  commercial  specifications  in 
which  the  hardness  numbers  appear. 

In  discussing  the  next  paper  by  G.  R.  Norton  on  Con- 
tinuous Die  Rolling,  Mr.  Nelson  said  that  this  process 
is  interesting  and  can  be  made  useful  in  connection  with 
drop-forging.  While  the  use  of  this  process  would  save 
time  in  the  forge-shop,  it  would  restrict  raw  material, 
particularly  on  small  jobs. 

The  paper  by  J.  H.  Nelson  on  Drop-Forging  Practice 
aroused  the  most  discussion  of  any  paper  at  the  session. 
Mr.  Sherry  asked  if  the  use  of  a  lead  pot  of  say  24-in. 
diameter  and  from  6  to  7  ft.  long  would  not  do  away 
with  the  variation  in  the  Brinell  hardness  mentioned  by 
Mr.  Nelson.  Mr.  Nelson  said  that  in  his  opinion  the 
physical  properties  are  a  function  of  the  temperature 
and  not  of  the  means  by  which  this  temperature  is 
obtained.  The  furnaces  used  in  making  the  tests  re- 
ported in  the  paper  were  checked  carefully  with  six 
pyrometers  before  being  used  on  production  work  and 
a  variation  of  only  5  deg.  or  less  was  permitted  between 
the  pyrometers.  Mr.  Sherry  reported  that  in  his  experi- 
ence the  variation  in  hardness  with  the  lead  pot  is  small 
as  compared  with  a  furnace  in  which  six  and  even  eight 
thermocouples  are  used  to  control  the  temperature  and 
that  the  lead  pot  possesses  the  additional  advantages  of  a 
lower  cost  and  the  securing  of  a  more  uniform  product. 
W.  F.  Graham  commented  on  the  accuracy  with  which 
the  temperatures  in  the  furnaces  mentioned  by  Mr.  Nel- 
son were  maintained  but  endorsed  Mr.  Sherry's  views 
on  the  use  of  the  lead  pot,  saying  that  quenching  and 
drawing  in  the  lead  pot  give  accurate  results  on  forgings. 
In  his  opinion  the  variations  in  the  Brinell  hardness 
mentioned  were  functions  of  the  carbon  and  the  manga- 
nese contents;  he  thought  that  the  percentage  of  these 
two  elements  must  be  given  consideration  and  the  draw- 
ing temperature  varied  accordingly.  In  continuing  the 
discussion  Mr.  Nelson  said  that  the  manner  in  which 
the  temperature  is  raised  has  a  decided  effect  on  the 
making  of  steel.  In  response  to  a  question  by  H.  J.  Stagg 
as  to  whether  the  differences  in  the  raw  material  could 
not  be  ascertained  and  used  as  a  basis  for  predicting 
the  results  obtained,  Mr.  Nelson  agreed  that  it  is  possible 
to  detect  the  differences  but  could  not  state  their  effect. 
He  added  that  steels  of  supposedly  identical  composition 
from  different  mills  require  different  heat-treatments. 
In  support  of  Mr.  Nelson's  last  remark  Mr.  Dawe  said 
that  he  had  seen  steel  that  was  chemically  and  metallur- 
gically  correct  that  could  not  be  hardened  when  first 
treated  but  that  after  gear-blanks  produced  from  this 
steel  had  lain  in  the  factory  yard  for  9  months  satisfac- 
tory results  were  obtained.  He  believed  also  that  the 
seasoning  of  gear-blanks  in  this  manner  would  eliminate 
warpage   in  heat-treatment. 

The  need  for  good  designing  of  malleable  castings  and 
the  fact  that  better  results  can  be  secured  by  paying 
proper  attention  to  the  section  of  the  castings  were  the 
two  principal  points  brought  out  in  the  discussion  of 
the  paper  on  Pertinent  Facts  Concerning  Malleable-Iron 
Castings,  by  Enrique  Touceda.  In  answer  to  a  question 
by  F.  P.  Gilligan,  who  presided  at  the  session,  as  to  the 
willingness  of  automotive  engineers  to  respond  to  re- 
quests from  the  foundries  for  changes  in  the  design  of 
parts  for  which  malleable-iron  castings  are  used,  Mr. 
Touceda   said   that,   while   the  willingness   of  engineers 

3  See  The  Journal,  January.   1  '.< i 2 .  p.  7. 


to  respond  to  such  requests  had  always  existed,  it  had 
been  particularly  noticeable  within  the  last  two  or  three 
years. 

Fuel  and  Engine  Session 

The  paper  on  Manifold  Vaporization  and  Exhaust-Gas 
Temperatures,  by  0.  C.  Berry  and  C.  S.  Kegerreis,  was 
first  on  the  program  for  the  Fuel  and  Engine  Session  and 
was  presented  in  outline  by  Mr.  Berry.  Most  of  the  mem- 
bers who  had  manifested  their  interest  by  attending  the 
Research  Session  gave  evidence  of  a  continuation  of  this 
interest  by  being  present,  and  the  representative  audi- 
ence was  presided  over  by  Chairman  A.  L.  Nelson. 

Stating  that  present  internal-combustion  engine  fuel 
is  too  low  in  volatility  for  economical  use  and  that  this 
is  the  course  of  engine-maintenance  troubles,  Messrs. 
Berry  and  Kegerreis  believe  that,  since  it  is  not  possible 
to  obtain  the  more  volatile  grades  in  sufficient  quantity, 
the  only  hope  of  remedying  this  condition  is  to  learn 
how  to  use  the  heavy  fuel,  and  that  the  most  promising 
method  of  doing  this  lies  in  the  effective  use  of  heat. 

As  the  experimental  data  regarding  the  best  tempera- 
ture at  which  to  maintain  the  metal  in  a  hot-spot  mani- 
fold are  meager  and  the  range  of  temperatures  available 
in  the  exhaust  gases  is  narrow,  the  authors  experimented 
in  the  Purdue  University  laboratory  to  secure  additional 
data.    Their  paper  presents  a  summary  of  the  results. 

They  feel  that  the  exhaust-gas  temperatures  are  high 
enough  for  properly  designed  manifolds,  together  with 
thermostatically  controlled  carbureter  temperatures,  to 
make  possible  the  satisfactory  carburetion  of  fuels  con- 
siderably heavier  than  the  present  "power"  gasoline, 
without  seriously  limiting  the  power,  efficiency  or  flexi- 
bility of  passenger-car  engines  or  causing  any  engine- 
maintenance  troubles. 

The  paper  by  Thomas  Midgley,  Jr.,  and  T.  A.  Boyd  on 
Methods  of  Measuring  Detonation  in  Engines3  was  read 
and  commented  upon  by  Mr.  Boyd,  who  emphasized  and 
amplified  some  of  the  statements  contained  therein. 
Among  the  points  so  treated  were  that  three  elements 
are  of  primary  importance  in  a  universal  method  for 
measuring  the  intensity  of  detonation.  First,  the  method 
should  embody  a  means  for  indicating  the  relative  inten- 
sity of  different  detonation  waves.  Second,  it  should 
comprise  means  of  integrating  the  intensities  of  indi- 
vidual waves  over  a  period  of  time,  and  of  yielding  a 
numerical  value  that  is  accurate  and  can  be  duplicated 
when  employing  the  same  method.  Third,  a  standard  fuel 
should  be  used  as  a  basis  of  comparison  so  that  the  re- 
sults obtained  can  be  repeated  by  different  observers  and 
under  varying  conditions.  An  amplification  was  made  of 
the  four  different  methods  of  measuring  detonation  that 
are  considered  in  this  paper,  the  listening,  the  indicator, 
the  temperature  and  the  bouncing-pin  methods  as  de- 
scribed in  Table  1,  and  the  type  of  record  that  is  possible 
in  each  case. 

The  paper  on  the  Spectroscopic  Investigation  of  Inter- 
nal Combustion,  by  Thomas  Midgley,  Jr.  and  W.  K.  Gil- 
key,  was  enlarged  upon  by  Mr.  Midgley.  It  is  designed 
to  familiarize  automotive  engineers  with  the  general 
subject  of  spectroscopy,  pointing  out  the  various  methods 
that  can  be  employed  to  determine  the  actual  instantane- 
ous pressures  obtained  in  normal  combinations,  the  tem- 
perature-time card  of  the  internal-combustion  engine  and 
the  progress  of  the  chemical  reactions  involved  in  norma! 
and  abnormal  combustion. 

The  subject  of  spectroscopy  is  outlined  and  explained 
first,  illustrations  being  presented  of  different  types  of 
spectra,  and  spectroscopes  and  their  principles  are  dis- 
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ed.    The  remainder  of  the  paper  is  di  i  an  out- 

Une  o!'  what   the  sp  ,>'  Can   reveal  al t   tile  nature 

nt'  combustion. 
The  discussion  that  followed  the  presental  on  of  each 

of  these  papers  will  DC  printed  later  in  THE  -I"!  RNAL,  and 

the  papers  bj   Berry  and  Kegerreis,  and  bj   Midgley  and 
Gilke.v  also  will  be  published  therein.    'Die  discussion  in- 
cluded an  explanation  by  P.  S.  Tice  of  differences  from 
•    Dt'  the  curves  exhibited  by  Mr.  Berrj    thai  he  has 
obtained,  and  comments  by  Prof.  R.  E.  Wilson  regard- 
ing the  subject  of  the  end-poinl  of  fuels.     Mr.  Boyd  an- 
swered 'he  question  a-  to  hew  comparisons  between  de- 
tonation i  stent  in  differenl  engines  cai 
by  Btating  that  this  is  accomplished  by  using  a  standard 
all  such  tests.     Mr.   Midgley  gave   further  ex 
planation  of  the  differenl  kinds  and  qualities  of  light  in 
various  portions  oi   'lie  spectrum,  in  answer  to  a  doubl 
expressed  by  one  nt'  the  speakers  regarding  the  feasibility 
of   using   the    spectroscope    for    investigator}    purp 
when  pi'                 ■  ditions  are  involved. 

i' issbngbr-Car  Session 

It  is  a  fait  to  he  deplored  that  all  finite  good  things 
must,  at  some  finite  time,  come  to  an  end.  In  this  connec- 
tion and  as  this  report  of  the  1922  Annual  Meeting  of  the 
Society  approaches  its  conclusion,  we  must  record  thai 
although  the  Passenger-Car  Session  held  on  the  morninj 
of  Jan.  I-".,  1922,  was  the  last  of  all  the  successful  events 
of  tin-  eventful  week,  it  was  by  no  means  the  least  SUC- 
ful.  The  informative  and  exhaustive  treatises  by  J. 
Edward  Schipper  and  S.  von  Amnion  and  the  most  in- 
teresting and  in  many  respects  novel  paper  by  Prof,  A 
Trowbridge  were  a  guaranty  of  this;  but,  to  clinch  'he 
argument  in  favor  of  this  session  with  staggered 

through  the  fabric  from  both  sides  and  holes 
cut-punched  and  staggered  for  more,  Past-President  II. 
\V.  Alden  was  chairman  of  the  session. 

The  paper  on  Passenger-Car  Brakes  was  read  in  oul 
line  by  the  author,  Mr.  Schipper.  He  stated  that  the 
problem  of  deceleration  is  just  as  important  and  ne 
garj  of  solution  as  the  providing  of  car-acceleration 
ability,  and  then  gave  a  comprehensive  survey  of  presenl 
braking  practice,  together  with  an  outline  of  future 
braking  requirements  and  possibilities. 

Design  factor-  are  considered  at  length  in  this  paper, 
as  well  as  the  subject  of  what  constitutes  uniform  and 
effective  braking-power,  various  illustrations  and  de- 
scriptions of  different  types  of  brake  being  included. 
Brake-actuating  means,  the  calculation  of  brake-drum 
size,  car-stoppage  ability,  brake  equalizers  and  1  rake- 
linings  are  commented  upon  in  some  detail. 

The  future  of  brakes  is  discussed  with  reference  to  the 
use  of  the  engine  as  a  brake,  four-wheel  and  front-wheel 
brakes,  the  servo  principle  of  brake  operation  and  vai 
novel  braking  methods.  A  brief  summary  of  what  is 
considered  good  practice  with  regard  to  truck  brakes  is 
appended.  In  many  respects  this  paper  bears  the  same 
relation  to  the  subject  of  brakes  as  a  previous  paper  by 
Herl>ert  Chase  on  Practice  and  Theory  in  ('latch  De- 
sign' bears  to  the  subject  of  clutche 

The  Bureau  of  Standards  has  been  engaged  for  some 
time  in  developing  a  standard  method  for  testing  brake- 
linings,  as  a  result  of  the  general  policy  of  the  Motor 
Transport  Corps  to  standardize  the  materials  used  for 
automotive  vehicles  for  Army  service,  and  has  been  co- 
operating with  the  Society  and  the  automotive  industry 
in  this  connection.     Although  the  work  has  not  been  com- 

•Sec  Tub  Journal,  July,  1921.  p.  39. 


pleted.  much   information  has  been  gained  and  the  papei 
on  Developing  a  Method  for  Testing  Brake-Linings,  writ- 
ten and  presented  by  S.  VOn  Amnion,  reports  the  progi 
that   has  been  made. 

In.     equipment    developed    and    the    methods    used    for 

both  main  and  supplementary  tests  are  described.  Data 
are  given  regarding  the  coefficient  of  friction,  as  influ- 
enced bj  various  factor-.  The  endurance  test,  showing 
the  comparative  behavior  of  linings  under  conditions  sim- 
ilar to  those  of  severe  Bervice,  is  believed  to  lie  satisfac- 
tory as  developed.  Further  work  i-  necessary  before 
recommending  the  conditions  for  the  other  test.  Intended 
to  determine  the  relative  endurance  under  ordinary    o 

light   service.      In  work  done  thus  far  with  a  cooled  drum 

and  over  a  very  wide  range  of  power  absorption  and 
speed,  difficulties  arising  from  the  accumulation  in  the 
linings  id'  particles  of  steel  cut  from  the  drum  have  per- 
sisted. Supplementary  tests  covering  the  tendency  oi 
lining  to  stick  when  brakes  are  left  applied  on  a  hot  drum 
and  to  ascertain  the  relative  absorption  of  oil  and  water 
are  described.  The  influence  of  oil  and  water  on  the 
coefficient  of  friction  is  shown. 

In  his  paper  on  the  Photographic  Recording  of  Engine 
I  lata.  Prof.  A.  Trowbridge,  of  Princeton  University, 
states  that  until  a  lew  years  ago  he  shared  what  he  be- 
lieves to  be  the  general  feeling  among  technical  scientific 
men.  that  photographic  methods  of  recording  experi- 
mental data,  smh  as  pressure-volume  variations  in  an 
engine  cylinder,  vibrations  of  shafting  and  motion  or 
timing  of  valves,  could  not  be  rendered  sufficiently  simpli 
to  be  reliable  in  the  hands  of  the  ordinary  intelligent 
mechanic;  but  that  an  experience  of  2  years  in  Franc 
during  the  war  convinced  him  that  photographic  record 
ing  is  the  quickest,  cheapest,  most  foolproof  and  cleanesl 
method  there  is. 

After  illustrating  and  describing  the  camera  and  auto- 
matic devices  that  were  developed  for,  and  successfully 
withstood,  war  usage.  Professor  Trowbridge  outlined 
many  possible  uses  for  this  apparatus  in  the  securing 
of  engine  data,  especially  with  regard  to  securing  data 
that  ordinarily  are  obtained  from  high-speed  indicators, 
and  showed  how  the  parts  of  an  indicator-card  that  are 
on  too  small  a  scale  for  accurate  interpretation  can  be 
enlarged  or  spread  out  by  this  photographic  method  to 
permit  close  analysis.  It  is  planned  to  reproduce  with 
his  paper  in  an  early  issue  of  The  Journal  the  lantern 
slides  that  he  used. 

The  time  for  the  discussion  of  these  papers  was  very 
limited  and  very  likely  its  subject  matter  can  best  be 
reserved  for  detailed  publication,  except  to  say  that  much 
interest  was  shown  in  the  relative  merits  and  demerits 
of  using  the  engine  of  a  car  as  a  brake,  and  that  atten- 
tion was  called  to  the  fact  that  only  4  to  5  in.  of  pedal 
travel  is  available  for  all  ordinary  braking  effects. 

Comparisons  are  invidious,  irrelevant  and  uncalled  for. 
The  1922  Annual  Meeting  of  the  Society  is  recorded 
upon  the  pages  of  history  as  having  maintained  a  high 
standard  of  excellence,  with  its  attendant  accomplish- 
ment of  scientific  progress  and  social  enjoyment.  We 
feel  that  at  no  time  during  the  passage  of  this  eventful 
week  was  our  marshalled  army  of  cumulative  progressiva. 
automotive-engineering  data  in  any  danger  of  being 
called  upon  to  surrender  to  our  good  old  military  friend. 
General  Average. 

Reduced  Railroad  Fares 

Seven  hundred  and  forty-nine  reduced  railroad  fares 
were  granted  to  members  of  the  Society  and  those  of 
their  families  who  accompanied  them  to  New  York  City. 
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It  is  estimated  that  the  average  saving  per  person  was 
$12,  and  the  total  saving  about  $9,000. 

The  Carnival 

The  Carnival  of  1922  maintained  in  full  measure  the 
enviable  reputation  set  by  the  unusually  successful  Carni- 
vals of  former  years.  The  ballroom  foyer  of  the  Hotel 
Pennsylvania  was  transformed  by  scenic  artists  for  the 
occasion  so  that  it  represented  a  bit  of  Coney  Island  set 
down  in  the  heart  of  New  York  City.  The  man  with  the 
fortune-wheel  and  assortment  of  boxed  candy  was  there 
in  all  bis  glory.  The  pop-gun  shooting-gallery  proprietor 
vociferously  announced  the  possibilities  of  acquiring  your 
favorite  cigarette  without  cost ;  if  your  marksmanship 
met  the  test.  The  fortune-lady  peered  into  the  hollow  of 
many  masculine  and  feminine  hands,  predicting  the  des- 
tiny of  the  future  and  recalling  milestones  of  the  past. 
A  line  of  the  curious  filed  steadily  past  the  crystal  gazer 
in  order  that  he  might  solve  their  riddles  of  the  coming 
year  or  astound  them  with  his  familiarity  with  their  most 
intimate  thoughts.  Free  lollypops  proved  to  be  especially 
popular.  Paper  hats  added  color  to  the  assembled  pic- 
ture, while  horns,  rattles  and  whistles  provided  the  neces- 
sary clamorous  background.  The  members  who  attended 
the  Summer  Meeting  at  West  Baden  were  reminded 
keenly  of  the  sad  evenings  at  the  establishment  of  the 
Brown  family.  The  famous  Keno  Room  was  depicted 
faithfully  in  one  of  the  halls  adjoining  the  ballroom  and 
there  the  Carnival  Committee  disposed  of  many  attractive 
prizes  at  the  will  of  the  checkered  card. 

The  dance  in  the  main  ballroom  was  the  major  feature 
of  the  Carnival  of  1922,  as  in  the  case  of  its  predecessors. 
Music  of  the  present  age  and  vintage  was  served  to  the 
trotters  and  steppers  by  a  group  of  12  exponents  of 
modern  ballroom  symphony.  The  gentler  sex  were  pres- 
ent in  ample  numbers,  scintillating  in  the  latest  creations 
of  the  exclusive  modiste.  Dancing  continued  until  the 
wee  small  hours  when  the  barkers  were  silenced,  Brown's 
lost  its  faithful  adherents  and  all  the  Carnivalites  pulled 
up  stakes,  unanimously  voicing  approval  of  the  work  of 
B.  G.  Koether  and  his  associates  on  the  Carnival  Com- 
mittee. 

The  Annual  Dinner 

Toastmaster  Kettering  said  that  the  address  of  Arthur 
R.  Marsh  at  the  annual  dinner  was  alone  worth  the  trip 
of  many  members  to  New  York  City,  and  it  was  clear 
that  the  members  in  general  agreed  with  him.  The  whole 
dinner  was  of  a  highly  enjoyable  and  instructive  nature. 
One  pleasing  phase  was  that  Past-Presidents  Vincent, 
Manly,  Kettering,  Huff,  Dunham,  Alden,  Marmon,  Cof- 
fin and  Riker  were  seated  at  the  speakers'  table. 

In  remarks  prefatory  to  introducing  Mr.  Kettering 
President  Beecrof t  said : 

We  have  reached  what  we  might  term  a  maximum  of 
production,  but  we  are  yet  far  from  the  maximum  of  ef- 
ficiency, from  the  maximum  of  economy  and  from  the 
final  word  in  the  economic  application  of  all  the  automo- 
tive equipment  we  are  designing. 

We  hear  talk  about  the  saturation-point  of  the  auto- 
mobile or  of  the  motor  truck.  I  wish  we  could  forget  that 
and  consider  the  saturation-point  of  transportation.  We 
have  not  reached  the  point  of  saturation  of  transporta- 
tion and  there  will  be  no  saturation-point  in  any  phase 
or  department  of  the  automotive  industry  until  we  shall 
have  arrived  at  the  economic  saturation-point  of  auto- 
motive transportation.  Reaching  that  economic  satura- 
tion-point should  be  our  objective. 


I  wonder  whether  we  appreciate  the  position  in  which 
we  stand;  whether  we  appreciate  how  fortunate  we  are. 
We  are  the  generation  that  has  been  handed  literally  the 
conquest  of  the  air.  What  a  coveted  position  in  the  his- 
tory of  the  ages,  with  this  last  great,  grand  field  of  con- 
quest placed  on  our  lap!  We  can  view  other  conquests 
in  the  transportation  field  in  the  same  way.  The  burden 
that  rests  on  our  shoulders  is  correspondingly  great. 

REMARKS    OF   TOASTMASTER    KETTERING 

In  taking  command  of  the  dinner,  Mr.  Kettering  sub- 
mitted as  his  uptodate  version  of  the  Grasshopper  song 
the  following: 

One  gashopper  cuts  his  price  right  under  the 

other  gashopper. 
Another  gashopper  cuts  his  price  right  under 

the  other  gashopper. 
They  are  only  playing  poker; 
They  are  all  looking  for  the  joker; 
And  they  are  all  going  broker. 

Continuing  his  narrative  of  current  affairs  he  said 
that  the  engineering  profession  has  been  guided  by  peo- 
ple who  have  been  especially  ordained  not  to  listen  to  any- 
body but  themselves.  Salesmen  have  become  overnight 
engineers;  advertising  managers  have  made  Ananias  cry. 
He  felt  that  it  is  time  for  the  engineers  to  have  an  idea 
of  their  own  and  tell  their  executives  and  sales  managers; 
as  well  as  any  others  that  need  to  be  told,  just  what  a 
good  automobile  is  if  in  their  peculiar  position  they 
should  happen  to  know  what  one  is. 

The  automotive  industry  is  just  as  basic  as  the  bread- 
and-butter  industry.  It  has  entered  into  our  civilization 
fundamentally.  It  is  a  great  transportation  activity. 
If  ever  the  engineer  had  a  real  problem,  it  is  today  in 
trying  to  find  out  what  the  simplest  practical  thing  is 
that  he  can  design  and  build  that  will  do  the  thing  he 
wants  it  to  do. 

The  engineer  must  be  very  much  closer  to  his  manage- 
ment than  he  has  ever  been  before.  He  has  been  re- 
garded as  a  more  or  less  eccentric  individual,  and  per- 
haps there  has  been  some  foundation  for  that.  However, 
whenever  two  people  think  each  other  eccentric,  there  is 
perhaps  a  middle-ground ;  and  whenever  a  financier,  man- 
ager or  salesman  tries  to  dominate  an  eccentric  engineer 
without  analyzing  exactly  what  he  is  trying  to  do,  maybe 
he  divides  the  responsibility. 

The  automotive  industry  is  bound  to  stay.  We  have 
not  stai-ted  it  yet.  It  is  less  than  a  generation  old.  The 
same  essentials  prevail  that  have  been  before  us  for  a 
long  while.  We  have  reached  a  condition  of  economic 
balance.  We  are  in  a  period  of  intense  competition.  It  is 
axiomatic  in  any  business  that  competition  comes  only 
when  progress  stops.  All  industries  must  go  through 
such  periods  when  they  involve  great  capital  investment 
It  is  difficult  to  make  a  change. 

The  Society  of  Automotive  Engineers  must  set  a  new 
standard  of  economic  values.  The  only  reason  we  have  a 
second-hand  problem  today  is  that  our  new  cars  are  nc 
better  than  our  second-hand  ones.  If  we  could  make  new 
cars  immensely  better  than  our  second-hand  ones,  there 
would  be  no  second-hand  business.  We  are  "saturated' 
for  the  simple  reason  that  we  have  not  made  enough  pro- 
gress. We  are  only  3  years  away  from  the  war.  At- 
tribute the  condition  to  that  while  you  have  the  chance 

In  introducing  Mr.  Marsh,  the  principal  speaker  ol 
the  evening,  Mr.  Kettering  assured  the  members  that 
they  were  about  to  receive  the  most  important  and  con- 
structive message  they  had  ever  heard.    Mr.  Marsh's  ad- 
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dress  certainly  added  greatly  to  the  considerable  reputa- 
tion that  has  been  attained  bj  S.A.E,  Annual  Dinners  as 

-urns  at  which  the  true  industrial  keynote  for  the 
respective  years  has  been  struck.  It  is  thought  that  in 
clearness,  pertinancy  and  forcefulness  .Mr.  Marsh's  talk 
has  been  rarely  excelled.  Nothing  could  have  been  more 
timely  in  the  present  condition  of  the  automotive  indus- 
try. Nearly  every  passage  of  his  remarks,  which  are 
given  in  full  elsewhere  in  this  issue  of  THE  Joi  SNA! 
worthy  of  close   study.     He  said   that,  ring  the 

farmers  alone,  there  are  at   lea  i.ihhi  people  in  the 

United  States  who  cannot  afford  to  not  ha\<  ibiles. 

He  gave  as  an  analogy  that  in  years  gone  bj  everj  farmer 
had   to  have  a  horse,   no   matter   what   his  was. 

The  economic  uses  of  motor  vehicles  of  one  kind  or  an- 
other are  of  predominant  importance.  The  joy-riding 
days  of  the  automotive  industry,  as  well  as  of  car  owners, 
are  over. 

The  work  of  the  automotive  engineers  is  going  to  be- 
come much  more  important.  The  situation  is  going  to  be 
different,  and  it  will  not  be  an  easy  one.  The  railroads 
reached  a  stage  25  years  ago  where  they  had  to  be 
alive  by  the  work  of  the  engineer.  The  engineers  alone 
have  saved  the  railroads  from  utter  ruin.  The  automo- 
tive engineers  must  bear  the  brunt  of  the  pressure  that 
is  inevitable  from  the  competition  that  rises  to  greatest 
intensity  when  an  enormous  product  is  demanded  from 
the  factories,  but  not  enough  product  to  fill  the  factories 
to  capacity. 

Mr.  Marsh's  theme  was,  How  Are  We  to  Know  When 
Business  Has  Turned  the  Corner?  The  first  factor  is 
that  in  the  long  run  the  only  way  in  which  goods  can  be 
bought  is  by  goods.  Fundamentally,  both  actual  money 
and  bank  credit  are  nothing.  It  is  not  by  money  or  by 
credit  that  Europe  can  buy  our  goods,  or  that  we  ought 
to  sell  goods  to  Europe.  Europe  must  buy  our  goods 
with  goods.  When  the  German  mark  was  at  its  lowest 
and  most  demoralized,  Germany  was  the  largest  buyer  of 
cotton  and  copper  in  the  United  States,  and  of  wool  and 
tin  in  London.  She  did  this  by  producing  goods  and  get- 
ting them  out  into  the  world. 

In  Great  Britain  at  no  time  since  the  war  has  produc- 
tion been  as  much  as  60  per  cent  of  what  it  was  in  1913, 
in  spite  of  the  fact  that  there  are  in  England  more 
workers  than  there  were  in  1913.  Banking  credit  and 
restoration  of  exchanges  can  be  discussed  interminably, 
but  the  situation  will  not  be  improved  until  people  go  to 
work  and  produce  goods  wherewith  to  buy  goods.  In  the 
United  States  there  are  millions  of  men  who  do  not  wish 
to  produce  goods  upon  terms  which  the  world  can  meet — 
and  every  industry  suffers.  The  American  farmer  says, 
I  cannot  and  I  will  not  buy  under  present  conditions.  As 
was  stated  by  George  E.  Roberts  at  the  annual  dinner  of 
the  Society  last  year,  the  real  root  of  our  economic 
troubles  is  that  the  equilibrium,  the  balance,  between  the 
producing  and  the  consuming  classes  has  been  turned 
topsy-turvy  by  what  happened  during  and  since  the  war. 
Turning  the  corner  means  getting  back  to  that  state  of 
balance  which  was  the  result  of  three  generations  of  grad- 
ual adjustment  under  the  stress  of  competition.  The 
problems  are  working  themselves  out  by  a  process  of 
grinding  which  produces  suffering  in  every  direction. 
The  urban  population  has  received  nearly  five  times  the 
>  income  the  rural  population  has  received,  and  yet  the 
numbers  of  the  two  populations  are  identical.  There  is 
today,  as  compared  with  2  years  ago,  a  shrinkage  of  at 
least  $6,000,000,000  in  the  distributable  income  accruing 
to  the  urban  classes  and  workers  in  the  United  States 
from  the  cotton  user  in  the  .United  States  alone.    There 


is  the  same  sort  of  shrinkage  of  a  relative  degree  in  the 
Ol  copper,  iron  and  steel  products,  and  Of  many  other 

finished  commodities. 

This  is  the  principal  factor  to  consider  in  determining 
whether  business  is  actually  at  the  point  of  turning  the 
corner.  There  are  many  indications  that  alleviation  is 
at  hand,  although  these  are  rather  obscure.  The  best 
omen  for  the  future  is  that  in  Europe  production  and 
consumption  are  rising  steadily.  With  goods,  goods  can 
lie  bought. 

In  calling  upon  II.  II.  Bachman,  whose  term  as  Presi- 
dent of  the  Society  began  at  the  close  of  the  meeting, 
Toastmaster  Kettering  expressed  the  appreciation  of  the 
members  for  (he  excellent  service  Mr.  Bachman  had  ren- 
dered as  chairman  of  the  Standards  Committee  and  as  a 
member  of  the  Council  for  several  years.  He  said  that 
the  remarkable  spirit  of  cooperation  in  the  Society  and 
the  automotive  industry  will  solve  the  transportation 
problems  facing  the  industry. 

PRESIDENT-ELECT   BACHMAN 

The  pleasure  and  profit  that  I  had  in  serving  on.  the 
1921  Council  under  Mr.  Beecroft  were  so  great  that  1 
regret  keenly  that  his  administration  is  closing.  As  I 
measure  myself  against  him  and  his  predecessors,  I  feel 
deeply  the  responsibilities  that  I  shall  assume  tomorrow. 
I  do  not  find  my  vocabulary  adequate  to  express  my  ap- 
preciation to  you  who  have  honored  me  so  signally.  It  is 
my  hope  that,  with  the  support  of  the  other  members  of 
the  1922  Council,  and  the  assistance  of  the  permanent 
statf  of  the  Society  under  Mr.  Clarkson,  I  shall  be  able 
to  justify  the  confidence  you  have  placed  in  me. 

I  wish  to  add  a  word  of  appreciation  to  the  gentlemen 
under  whom  I  have  had  the  pleasure  of  serving  on  the 
Council,  and  particularly  to  those  who  intrusted  to  my 
care  the  Chairmanship  of  the  Standards  Committee. 
Next  to  the  Presidency,  I  think  that  position  bestows 
more  honor  upon  the  holder,  as  well  as  more  responsibil- 
ity, than  any  other.  That  I  was  able  to  hold  it  down  at 
all  is  due  entirely  to  the  loyal  support  of  those  of  you 
who  have  contributed  to  the  work  of  the  Committee  so 
generously  of  your  talent  and  time.  I  wish  also  to 
acknowledge  the  cooperation  of  the  efficient  organization 
under  Mr.  Clarkson's  direction,  without  which  the  detail 
work  of  the  Society  would  be  hopelessly  neglected. 

As  I  review  the  history  of  the  Society  I  am  reminded 
forcefully  that  the  reason  for  our  continued  existence  and 
growth  is  that  we  have  served.  This  may  seem  to  be  a 
rather  flat  statement,  but  I  am  inclined  to  believe  that  the 
general  overlooking  of  this  elementary  function  is  at 
the  bottom  of  a  great  many  of  the  troubles  the  industry 
has  undergone  recently.  There  is  an  old  saying  that 
"He  who  does  no  more  than  he  is  paid  for,  is  never 
paid  for  more  than  he  does."  I  can  hardly  believe  that 
this  principle  is  applicable  only  in  hastening  the  lagging 
footsteps  of  the  office-boy.  Rather,  it  is  a  homely  way  of 
telling  us  that  whoever  we  are  or  whatever  we  are  doing, 
the  task  and  its  completion  in  an  honest  way  must  mean 
more  than  the  reward,  if  we  are  to  succeed.  Is  it  not 
possible  that  in  recent  years  profits  have  loomed  larger 
than  service  to  the  manufacturer  and  the  merchant? 
Have  not  wages  seemed  of  more  moment  than  increased 
efficiency  to  the  workman? 

The  more  I  have  thought  the  more  strongly  I  have  been 
impressed  by  the  fact  that  to  progress  in  the  times  that 
are  ahead  of  us  we  must  get  back  to  fundamentals  and 
measure  our  plans  and  purposes  by  the  plain  and  common- 
e  yardstick,  Service.  This  it  is  my  purpose  to  do  to 
the  best  of  my  ability  with  your  assistance  during  the 
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coming-  year.  We  must,  if  we  are  to  continue  our  growth 
and  maintain  our  prestige,  serve  our  members,  particu- 
larly the  younger  men ;  for  upon  the  engineer  rests  a 
large  responsibility  in  solving  many  problems  that  are 
spread  over  the  road  our  industry  must  travel  in  the 
coming  years.  To  meet  these  responsibilities  we  must 
widen  our  horizon  continually.  It  is  essential  that  there 
be  brought  into  the  engineer's  mind  and  into  the  draw- 
ing-room and  the  laboratory  a  clearer  conception  of 
manufacturing  and  merchandising.  In  other  words,  we 
must  be  more  than  technicians;  we  must  be  business 
men  and  view  our  problems  from  the  commercial  as  well 
as  the  technical  side.  I  know  of  no  better  way  in  which 
this  viewpoint  can  be  developed  than  by  the  contact  that 
active  participation  in  the  affairs  of  the  Society  provides. 
Those  of  us  who  have  been  fortunate  enough  to  attend 
the  meetings  of  the  Society  appreciate  this  thoroughly; 
but  how  about  the  hundreds  of  younger  men  who  do  not 
have  this  advantage?  The  activities  of  the  Sections  pro- 
vide for  them  in  some  degree,  but  it  is  possible  that 
more  can  be  done  along  this  and  other  lines  if  we  put 
our  mind  to  it. 

I  have  heard  the  statement  that  we  would  be  better  off 
if  the  Society  had  fewer  members  at  higher  rates  for 
dues.  In  other  words,  that  we  should  be  more  exclusive, 
and  the  Society  become  a  Hall  of  Fame  open  to  only 
those  who  have  arrived.  I  believe  that  we  should  bring 
more  earnest  young  men  together  and  grow  with  them 
as  they  grow.  This  is  our  foremost  mission.  Next  to  it 
is  our  responsibility  to  the  industry  in  finding  solutions 
for  the  problems  that  confront  it.  Of  these  there  are 
many,  relating  to  features  of  design,  to  production,  and 
to  use  in  the  hands  of  the  public.  Some  of  these  we  are 
competent    to   deal   with   alone ;    on   others,   we   can   act 


only  as  assistants.  I  believe,  however,  that  the  enlarged 
character  of  our  meetings,  the  increased  scope  of  Section 
activities,  the  present  stature  of  the  Standards  Commit- 
tee and  the  growth  of  the  Research  Committee  are  facts 
in  evidence  that  we  stand  ready  and  equipped  to  coop- 
erate with  the  commercial  organizations  of  the  indus- 
try in  any  way  they  may  desire. 

Finally,  what  is  our  duty  outside  the  immediate  circle 
of  our  industry?  I  am  becoming  more  and  more  of  the 
opinion  that  there  is  a  tendency  in  modern  affairs  to  over- 
organization  on  every  side.  I  hope  I  am  not  too  narrow 
in  this  belief,  but  I  cannot  help  feeling  that,  although 
these  movements  are  often  praiseworthy  from  the  stand- 
point of  the  motives  that  lie  behind  them,  they  result  in  a 
lowering  of  efficiency  and  a  delay  in  producing  results. 
In  the  work  of  an  organization  such  as  ours  the  members 
can  be  called  upon  generally  for  a  small  proportion  of 
their  time ;  in  most  cases  too  small,  however,  for  them 
to  handle  effectively  any  details.  The  result  is  that  the 
details  must  be  attended  to  by  the  permanent  staff  of  the 
Society,  the  size  of  which  is  governed  by  its  financial 
resources.  Overloading  this  organization  results  in  re- 
ducing the  individual  and  collective  efficiency.  I  believe 
that  under  the  prospective  conditions  of  this  year  we 
must  fix  the  responsibilities  in  our  own  field  firmly  in  our 
mind  and  attend  to  our  own  knitting. 

The  organization  of  the  Administrative  Committees  of 
the  Society  for  the  coming  year  is  complete ;  and  a  type 
of  mind  that  would  willingly  go  along  with  mine  was  not 
a  qualification  that  controlled  the  selection  of  the  mem- 
bers of  these  Committees.  On  the  other  hand,  I  hope  to 
be  able  to  benefit  by  their  advice  in  guiding  the  affairs 
of  the  Society.  But  I  hope  that  we  shall  be  united  in 
making  the  motto  for  the  year  1922;  Service. 


CROWBARS  AND  ECONOMICS 


VT'ERY  few  people  who  are  earning  their  living  know  much 
about  the  fundamental  science  underlying  business. 
There  are  many  business  men  who  insist  on  their  machine 
designers  and  their  bridge  designers  being  thoroughly  well 
grounded  in  the  theory  of  physics,  yet  these  same  men  may 
hoot  at  the  idea  that  there  can  be  any  sense  to  economic 
theory.  They  look  on  economics  as  nothing  but  a  lot  of  fine- 
spun notions  existing  only  in  the  heads  of  college  professors. 
Even  a  good  crowbar  artist  in  a  quarry  might  look  on  physics 
in  the  same  way. 

The  business  man  is  using  economics  every  day.  He  may 
be  a  real  artist  with  his  economics,  and  not  know  much 
about  fundamental  theories  of  economics.  But  to  the  extent 
that  he  is  successful  in  his  business  he  has  applied  economic 
theory  properly.  To  the  extent  that  he  has  misapplied  it  he 
has  failed  to  reap  the  full  benefit  of  his  tugging  and  sweat- 
ing on  his  own  crowbar,  and  even  may  roll  his  business 
boulder  over  on  himself. 

Every  year  Bradstreet's  publishes  figures  classifying  fail- 
ures according  to  their  causes,  and  these  statistics  show  that 
only  from  11  to  14  per  cent  of  all  these  failures  are  due  to 


causes  over  which  the  men  who  fail  could  have  no  control. 
Most  failures  were  due  to  causes  that  lay  in  the  control  of 
the  men  who  failed.  They  used  their  crowbars  wrong  and 
toppled  their  business  boulders  on  themselves.  It  would  seem 
that  for  the  87  per  cent  who  fail  some  better  use  of  the 
theory  of  economics  would  no  doubt  be  of  very  considerable 
assistance. 

Failures  destroy  wealth  as  much  as  fires  do.  Our  fail- 
ure loss  runs  considerably  ahead  of  our  fire  loss  in  a  year 
Between  the  two  of  them  it  is  estimated  that  we  Americans 
are  destroying  at  the  rate  of  nearly  $1,000,000,000  of  wealth 
per  annum  right  now. 

Under  a  free  competitive  system,  which  seems  to  be  aboul 
the  only  one  the  world  can  work  under,  every  man  is  free 
to  take  his  chance — and  he  should  remain  free,  but  others 
should  not  be  called  on  to  pay  the  cost  of  his  ignorance.  A 
large  amount  of  futile  effort  is  wasted  by  ignorant  men  ir 
getting  out  their  business  boulders.  Many  who  do  not  fail 
completely  waste  a  tremendous  amount  of  business  effort  in 
their  work.  Economic  education  is  the  only  palliative  foi 
this  waste. — E.  F.  Dubrul  in  American  Machinist. 


THE  INTERNAL-COMBUSTION  ENGINE 


THE  history  of  the  internal-combustion  engine  is  of  much 
shorter  length  than  that  of  the  steam  engine,  for  it  was 
not  until  the  latter  had  been  in  use  for  over  50  years  that  a 
successful  prime-mover  using  gas  was  produced.  The  ad- 
vance made  in  design  since  the  first  combustive  free-piston 
gas  engine  was  hailed  as  epoch-making  is  well  illustrated  in 
the  present-day  high-speed  engine  producing  1  hp.  for  each 
2  lb.  of  engine  weight.  The  improvements  in  design  have 
been  followed  by  a  more  general  use  until  at  present  there 


are  in  the  United  States  at  least  five  times  as  much  horse- 
power in  internal-combustion  engines  as  in  steam  turbines 
and  steam  engines.  The  enormity  of  power  of  the  stean' 
powerplants  in  any  State  is  completely  overshadowed  by  the 
horsepower  of  engines  using  liquid  or  gaseous  fuel.  Fur- 
thermore, the  annual  production  of  the  internal-combustion 
engine  is  increasing  much  faster  than  is  the  construction  oi 
prime  movers  employing  steam  as  the  source  of  energy  sucln 
as  reciprocating  engines  and  .turbines. — Power. 
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How  Are  We  to  Know  When  Business 
Has  Really  Turned  the  Corner? 
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\\m  \i.  IIiwmi  Address 


IN  the  highly  complimentary  introduction  with  which 
your  toaatmaster  has   favored   me,   he   has   perhaps 
omitted  one  of  my  more  human  qualifications,    i 
ing  from  Boston  is  Bcarcelj  human;  being  a  professor  in 

Harvard    is   certainly    OOl    human;    and   what    shall    I    sa.\ 

about  being  an  editor?     But  in  order  thai   I  maj  appeal 
in  a  human  light  before  you,  1  will  venture  to  saj  bel 
1  begin  my  address  proper  that  1  am  also  a  member  of 
if  the  best-known  gambling  institutions  in  NVw  5fork 
or  the  Country     the  New  York  Cotton  Exchange,     I  Bay 
one  <>t'  the  beat-known  gambling  institutions  because  the 
New  York  Cotton  Exchange  is  commonly  so  designs 
through  the  South,  in  the  halls  of  Congress  and  in  vai 
other  influential  quarters. 

Some  of  you  remember,  no  doubt,  from  the  days  of 
your  childhood,  thai  passage  in  Alice  in  Wonderland  in 
which  Alice  tried  to  turn  a  corner  and  saw  the  corner 
perpetually  a  little  ahead  of  her.  but  always  just  before 
she  got  then'  the  corner  straightened  ou1  and  there  wai 
no  corner  to  turn.  I  suspect  that  in  truth  we  shall  never 
know  precisely  when  business  turns  the  corner;  that, 
after  all.  we  shall  go  along  the  road  seeing  corners  ahead 
which  we  hope  to  turn,  but  that,  when  we  get  there,  we 
shall  find  there  is  no  corner  at  all. 

1    am  a  little  embarrassed   by   having  been  assured   by 
your  Presidenl  and  your  Toastmaster  that  engineers 
general  do  not  care  very  much  about  economists  or  eci 
nomics;  that  you  do  not  know  very  much  about  economics 
and  that  you  are  not  particularly  interested  in  it.     Pel 
haps  I  am  doing  these  gentlemen  an  injustice  in  stating 
what  they  have  said  to  me,  but  that  at  any  rate  was  the 
impression  1  derived  from  what  they  said.     I  am  there- 
fore to  tell  from  an  economic  standpoint,  to  a   body   of 
gentlemen  who  do  not  care  about  economics,  when  busi- 
ness has  economically  turned  the  corner,  when  there  is 
no  corner  to  turn. 

I  do  not  wonder  much  that  a  body  of  engineers,  and 
particularly  automotive  engineers,  should  be  a  little 
doubtful  about  economics.  You  have  not  been  paying 
much  attention  to  the  economists,  but  the  economists 
have  been  paying  a  lot  of  attention  to  you,  and  some  of 
the  things  they  are  saying  about  you,  well,  your  own 
Toastmaster  might  have  said  them.  That  is  as  good  ;. 
way  of  describing  them  as  I  can  think  of. 

A  few  days  ago  I  was  reading  the  elucidations  of  an 
economist  about  the  automobile  industry.  He  has  got  you 
in  very  bad  shape,  in  a  very  bad  plight.     He  has  dis  0 

hat  nobody  who  has  not  an  income  of  over  $2,000 
a  year  has  any  right  to  have  an  automobile.  Having 
made  that  discovery,  he  set  about  finding  out  how  man. 
people  there  are  in  the  United  States  who  have  an  in- 
•■  of  $2,000  or  more  a  year.  Naturally,  he  turned 
to  the  Treasury  Department  reports.  He  found  that  last 
year  the  number  of  persons  who  paid  incomes 

"of  $2,000  or  more  was  only  2,335,000.     Then   he   found 
that   last   year  there  were  9,000,000  automobiles   in   the 
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try.  2,385,000  people  in  the  United  State  whose 
means  entitled  them  to  have  automobiles,  and  9,000,000 
automobiles:  a  really  distressing  condition  of  affairs. 

Having  got  as  far  as  that,  the  economist  proceeded 
to  discuss  the  question  of  saturation,  which,  i  gather  from 
what   I   have  heard  here  tonight   is  a  somewhal   tender 

subject,   and   concluded   that    the   United         I  is   satur- 

ated to  the  extent  of  5,000,000  automobiles  at   the  pre 
lime. 

If  I   may  be  flippant,  1  may  remark  that  that   is  a  good 
deal  of  a  jag.     "Now,"  says  the  economist,  "with  a  popU 
lation    of     107,000,000    people,    saturated    to    the    tune    Ol 
5,000,000  automobiles,   we   have   to  add   the    further   tact 
that   7,000,000   people   in   the   United    Slate-   are  devoting 

themselves  to  the  building  of  automobile--,  in  the  manu- 
facture of  automobile  parts,  to  the  upkeep  of  automo 
biles  and  to  the  operation  of  automobiles.  '  That  lease- 
only  mo, (ibi). noil  million  people  in  the  United  States  win 
are  not  engaged  in  the  automobile  industry.  Again  a 
rather  serious  state  of  affairs. 

Then  he  goes  further  and  remarks  that  the  cost  of 
these  7. 001), 000  people  to  the  Country  is  15.5  per  cent  of 
its  entire  income.  In  18  years,  such  is  the  voracit]  of 
the  automobile  industry,  it  has  arrived  at  a  point  at 
which  it  is  absorbing  15.5  per  cent  of  the  entire  national 
income.  "Now."  says  the  economist,  "on  the  [ace  of  it. 
that  cannot  last  ;  it  is  impossible  that  a  state  of  affairs 
like  that  should  persist,"  and  he  then  proceeds  to  ask  the 
question  how  soon  the  Country  will  get  over  what  I  have 
flippantly  called  "its  automobile  jag."  In  other  words. 
how  long  it  will  be  before  it  is  desaturated.  He  arrives 
at  the  conclusion  that  in  1927,  if  you  examine  the  popu- 
lation of  the  United  States,  you  will  find  that  it  is  desal 
urated  of  automobiles. 

The  case  with  motor  trucks  is  a  little  better.  The 
economist  thinks  that  we  shall  be  desaturated  of  them 
in  1924.  But  we  have  5  long,  weary  years  ahead  of  us, 
with  a  headache  and  all  the  unpleasant  consequences  of 
being  over-saturated  with  automobiles. 

Who  Must  Have  Automobiles? 

I  will  not  try  to  analyze  the  economist's  economics. 
That  would  occupy  the  whole  evening.  I  shall  simply 
remark  in  C(  nnection  with  what  he  has  said  that  his 
premise  that  nobody  in  the  United  States  who  has  not 
an  income  of  $2,000  or  more  is  entitled  to  have  an  auto- 
mobile, is  one  that  to  a  person  like  myself  of  farming 
antecedents  is  a  little  curious.  1  should  say  from  what  I 
know  of  the  farming  situation  that  there  are  at  least 
'.i.ooo.Diio  people  in  the  United  States  who  cannot  alford 
not  to  have  automobiles.  In  other  words,  we  have,  it 
seems  to  me,  if  I  may  venture  to  differ  from  my  fellow 
economist,  the  situation  in  this  Country,  and  it  is  not 
confined  to  this  Country,  it  is  world-wide,  of  millions 
upon  millions  of  people  who  cannot  afford  not  to  have 
an  automobile,  no  matter  what  their  income  is. 

01  course,  this  is  an  old  story.  I  remember  that  when 
I   was  a  youngster  the  same  thing  used  to  be  -aid  about 
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horses.  Nobody  could  afford  to  have  a  horse  unless  he 
had  such  and  such  an  income.  Well  unfortunately,  a 
farmer,  to  take  him  alone,  had  to  have  a  horse,  no  matter 
whaL  his  income  was.  In  many  cases  the  horse  had  a 
better  income  than  the  farmer  had.  But  the  farmer  had 
to  have  the  horse. 

What  has  happened,  only  too  evidently,  it  seems  to  me, 
if  one  examines  the  agricultural  population  of  the  world, 
is  that  there  alone,  quite  without  regard  to  the  monetary 
terms  of  income,  there  are,  as  I  said  a  moment  ago,  mil- 
lions upon  millions  of  people  who  as  a  matter  of  plain, 
economic  necessity  have  to  have  an  automobile. 

Joy-Riding  Over 

There  is,  however,  it  seems  to  me,  one  rather  inter- 
esting deduction  to  be  made  from  what  I  regard  as  the 
gross  error  of  my  fellow-economist.  It  is  a  deduction 
which  has  already  been  intimated  by  your  Toastmaster 
and  by  your  President.  The  deduction  is  that  the  auto- 
motive industry  has  now  come  to  a  point  at  which  the 
economic  uses  of  automobile  vehicles,  of  one  kind  and 
another,  are  of  predominant  importance.  If  I  may  put 
it  briefly,  I  should  say  that  the  joy-riding  days  of  the 
automobile  are  pretty  nearly  past,  and  perhaps  I  might 
add  that  the  joy-riding  days  of  the  automotive  industry 
are  pretty  well  past.  I  think  you  will  admit  that  the 
amount  of  joy-riding  that  has  gone  on  in  the  automotive 
industry,  taken  altogether,  has  been  fully  as  impressive 
as  the  joy-riding  of  the  clerks  and  the  typesetters  and 
all  kinds  of  people  who  like  to  go  to  Coney  Island  and 
go  in  a  hurry  and  think  they  cannot  afford  to  go  for  a 
5-cent  fare.  The  automotive  industry  has  got  to  the 
point,  then,  at  which  economic  considerations  must  be  the 
predominant  and  determining  considerations.  Now  this 
has  been  hastened,  unquestionably  very  greatly  hastened, 
by  the  economic  occurrences  of  the  past  year  or  year  and 
a  half.  The  world-wide  financial  and  industrial  depres- 
sion has  brought  out  a  truth  in  connection  with  the  auto- 
motive industry  that  probably  would  not  have  beer, 
brought  out  for  some  time  if  we  had  continued  in  that 
exaggerated  and  artificial  prosperity  that  we  enjoyed,  or 
thought  we  enjoyed,  in  1919  and  the  first  months  of  1920. 

The  Engineer 

That  truth  having  been  brought  out,  if  you  will  per- 
mit me  to  say  so,  I  believe  you  will  find  that  the  part  of 
the  automotive  engineer  will  become  from  now  on  enor- 
mously greater  than  it  has  been  in  the  past.  In  the  past 
the  automotive  engineer  has  been  a  useful  agent.  He 
has  been  looked  to  as  the  man  who  provided  the  where- 
withal for  the  joy-riding.  From  now  on  you  will  have  a 
different  situation,  but  that  situation  will  not  be  an  easy 
one.  Unless  I  am  mistaken,  a  stage  has  been  reached  in 
the  automotive  industry  that  is  very  much  like  the  stage 
that  was  reached  by  the  railroads  25  years  ago,  a  stage 
in  which  the  railroads  kept  themselves  alive  by  what 
their  engineers  did  for  them,  in  which  the  railroads,  sub- 
jected to,  as  it  seems  to  me,  very  intolerable  regulations 
of  the  Government  in  the  matter  of  rates,  had  to  do  engi- 
neering marvels  if  they  were  to  keep  the  breath  of  life 
in  them. 

The  engineers  have  done  that  for  the  railroads  in  the 
past  25  years.  Those  of  us  who  have  had  occasion  to  fol- 
low the  accomplishments  of  the  engineers  in  connection 
with  the  railroads  are  constantly  amazed  at  what  they 
have  done.  The  sad  thing  about  it  is  that  the  railroads 
have  not  got  anything  out  of  it  at  all  as  yet.  Financially 
speaking,  they  are  today  in  a  worse  condition  than  they 
were  25  years  ago,  in  spite  of  all  the  engineers  have 


done  for  them.  All  that  can  be  said  is  that  the  engi- 
neers have  saved  them  from  utter  ruin.  I  myself  believe 
that  the  corner  has  been  turned  by  the  railroads  and  that 
they  have  a  better  day  ahead  of  them,  but  it  has  been  a 
desperate  struggle  and  mainly  a  struggle  of  engineers. 

Part-Capacity  Production 

You  have  ahead  of  you  in  the  automotive  industry 
something  not  unlike  what  the  engineers  have  had  in  the 
railroad  industry.  You  will  have  to  work  your  very 
hearts  out  in  the  next  5  years,  just  to  keep  yourselves 
alive,  because  they  will  be  hard  years.  I  was  impressed, 
in  looking  over  statistics  issued  recently,  by  the  fact 
that,  your  production  during  1921  was  between  1,600,000 
and  1,700,000  passenger  cars  and  trucks,  but  that  that 
production  was  24  per  cent  less  than  the  production  of 
1920.  In  other  words,  it  was  certainly  24  per  cent  less 
than  your  capacity. 

Every  economist  knows  that  the  bitterest  times 
through  which  an  industry  passes  are  the  times  when 
production  is  from  70  to  90  per  cent  of  capacity.  Those 
are  the  times  when  competition  is  the  most  bitter,  when 
prices  irresistibly  crowd  down  upon  every  establishment 
in  the  industry.  It  is  more  difficult  to  make  any  money 
in  an  industry  when  it  is  operating  at  80  per  cent  of 
capacity  than  at  any  other  time.  When  the  operations  of 
an  industry  are  only  30  or  40  per  cent  of  capacity,  there 
is  not  much  price-cutting;  it  is  not  worthwhile;  it  is 
evident  to  everybody  that  it  is  not  worthwhile.  But  let 
the  demand  get  up  to  80  per  cent  and  then  every  man- 
ager and  director  in  that  industry  immediately  begins  tc 
say  to  himself,  "There  is  a  lot  of  business  passing,  a  lot 
of  it ;  now  if  I  can  only  get  enough  of  it  to  fill  my  estab- 
lishment, I  shall  get  my  overhead  down  and  then  I  can 
begin  to  make  money."  The  overhead,  what  I  may  call 
the  doctrine  of  overhead,  as  an  accounting  proposition  is 
like  acid  eating  away  prices  when  an  industry  is  oper- 
ating at  75  or  80  per  cent  of  capacity. 

So  when  I  saw  that  during  the  past  year  the  output  of 
the  automotive  industry  in  this  Country  had  been  24  per 
cent  less  than  capacity,  I  should  have  known,  withoui 
looking  at  a  single  advertisement,  that  there  had  beer 
price-cutting  in  every  direction  in  the  industry.  It  al- 
ways happens  under  such  circumstances. 

That  is  the  kind  of  pressure  you  engineers  will  have 
on  you.  You  will  have  the  competition  that  arises  in  its 
greatest  intensity  when  an  enormous  product  is  de- 
manded but  not  enough  product  to  fill  all  the  establish- 
ments to  capacity.  It  will  be  for  you  to  work  out  the 
means  by  which  you  can  meet  this  situation,  the  means 
by  which  you  can  gradually  bring  the  automobile  vehicle, 
whether  a  passenger  vehicle  or  a  commercial  vehicle, 
into  such  nice  adjustment  with  the  economic  needs  of 
the  communities  of  this  and  other  countries  that  once 
more  there  will  be  a  free  flow  of  automobile  vehicles  tc 
consumers;  once  more  your  capacity  will  be  fully  occu- 
pied and  then  once  more  you  will  begin  to  make  a  reason- 
able and  comfortable  profit. 

But  do  not  think  for  a  moment  that  as  a  matter  ol 
economics  you  will  not  have  a  hard  time  of  it,  because 
you  will.  When  I  say  this  I  know,  of  course,  that  I  an: 
talking  to  gentlemen  who  respond  in  their  own  mind  tc 
a  demand  of  this  sort.  It  is  one  of  the  honors  of  the 
engineering  profession  of  the  United  States  that  it  has 
perpetually  done  the  impossible.  There  is  no  great  pro- 
fession in  the  United  States  of  which  it  can  so  consist- 
ently be  said  that  over  and  over  and  over  again  it  has 
done  the  impossible,  as  the  engineering  profession,  and 
I  am  sure  that  automotive  engineers  differ  in  no  respecf 
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from  tin-  great  body  of  engineers  of  which  this  Country 
has  such  great  reason  to  be  proud. 

But  aftei  all.  I  an?  not  talking  about  my  subject,  "How 
We    Are    to    Know    When    Business    Has    Turned    the 

•  i ." 
I  will  give  you  only  two  or  throe  rather  simple   '■ 
that  you  yourselves  tan  apply,  it  you  follow  the  coursi 
business,  and  by  which  you  can  arrive  at  a  reasonably 
fair  conclusion  as  to  the  moment  from  which  there  will 

be  a   steady    onward,   upward    movement    of   all    kinds   of 
bus i '  ■ 

Goods  Bought  Onli  With  Goods 

The  first  of  these  tests  you  will  not  find  laid  down  in 
the  economic  textbooks,  but  it  is  an  economic  principle 
none  the  less;   that   in   the  long  run,   in  thi  lort, 

the  only  way  in  which  goods  can  be  bought  is  b\  goods. 
Is  are  bought  with  goods  and  with  nothing  else.  We 
all  think  of  buying  goods  with  money  because  we  go 
through  the  form  of  paying  cash  or  drawing  a  check; 
but,  fundamentally,  money  is  nothing;  neither  actual 
money  nor  that  artificial  money  which  we  call  bank 
credit.  You  can  go  on,  I  gram  you,  for  a  little  while 
buying  goods  with  actual  money  or  with  created  money, 
banking  credit,  but  you  cannot  go  very  long;  you  can  gc 
for  a  year,  perhaps  for  2  years,  but  in  the  end  you  come 
back  to  the  old  inevitable  truth  that  the  only  thing  that 
will  buy  goods  is  goods. 

Now  the  troubles  of  the  world  at  the  present  time  are 
generally  painted  to  us  by  our  bankers,  who  are  chiefly 
heard  as  exponents  of  our  situation,  as  due  to  demoraliza- 
tion of  credit,  of  banking,  of  the  currencies,  of  exchange, 
particularly  the  banking,  the  credit  currency  and  the  ex- 
change of  the  countries  of  Europe.  Our  bankers  tell  us 
that  if  we,  here  in  the  United  States,  will  only  subscribe 
money  enough  to  give  Europe  unlimited  credit,  Europe 
will  buy  our  goods  in  unlimited  quantity;  our  industrial 
activity  and  prosperity  will  immediately  return  and 
everybody  will  be  happy.  I  regret  to  say  that  I  think 
that  that  is  one  of  the  most  pernicious  doctrines  of  the 
present  time.  It  is  not  by  money  or  by  credit  that  Eu- 
rope can  buy  our  goods  or  that  we  ought  to  sell  our  goods 
to  Europe.  Europe  must  buy  our  goods  with  goods;  that 
is  the  only  way  she  can  buy  them  for  long. 

Buying  by  Germany 

It  is  an  interesting  fact  to  one  who  bears  that  principle 
in  mind  that  wherever  you  find  in  Europe  people  at  work 
and  producing  goods,  you  find  them  buying  goods,  not- 
withstanding the  condition  of  their  credit,  the  condi- 
tion of  their  currency  or  the  state  of  their  international 
exchange.  The  best  illustration  I  know  of  this  is  the 
country  that  was  our  arch-enemy  in  war,  Germany.  Ap- 
parently, there  is  something  about  getting  a  licking  that 
makes  people  ready  to  go  to  work;  the  Germans  got  a 
licking  and  they  have  gone  to  work. 

Down  in  the  gambling  institution  of  which  I  am  a 
member  we  hear  every  little  rumor  of  coming  financial 
trouble.  One  of  the  things  that  we  heard  much  about 
for  very  many  months  is  the  awful  depreciation  of  the 
German  mark.  The  persistent  depreciation  of  it  we  have 
heard  of  day-in  and  day-out  as  a  reason  why  things  were 
going  to  the  bad  very  rapidly;  and  in  particular  the  cot- 
ton business  would  suffer  greatly  and,  most  important  of 
all,  the  price  of  cotton  would  decline. 

Now  it  was  a  very  curious  fact  that  at  the  very  time 
when  the  German  mark  was  at  its  lowest  and  most  de- 
moralized, Germany  was  the  freest  buyer  of  cotton  in 
the  United  States,  of  all  countries  in  the  world.  I  re- 
member that  on  the  day  the  German  mark  fell  to  its  low- 


est pnce  a  friend  of  mine  who  is  .*   large  exportei   oi 

cotton  said.  "1  do  not  know  what  to  think  of  this  thing. 
The  mark  has  gone  to  pieces  and  nobody  wants  it  and 
they  all  .-ay  it  is  going  thing,  but    I   have  just  made 

the  best  sale  oi  cotton  to  Germany,  on  a  better  basis,  that 
I  have  made  tin--  j  ear  to  anj  body." 
1  said,  "How  are  you  laid  tor  it'."* 

"Paid  for  it'.'     Check  on  a  bank  in  New    Y/orkj  nothing 

ould  be  better  'ban  that,  could  it V" 

And  it  is  a  fact  that  has  come  home  to  us  in  the  cot- 
ton business  that  Germany,  with  no  credit,  with  a  cur- 
rency completely  worthless,  you  might  almost  say,  with 
exchange  down  to  a  perfectly  ridiculous  price,  with  all 
these  handicaps,  has  been  the  largest  buyer  of  cotton  in 
I  nitcl  Slates  this  year.  That  is  not  all;  she  has 
been  the  largest  buyer  of  copper  in  the  United  States  this 
year  and  she  has  been  the  largest  buyer  of  wool  in  Lon- 
don this  year  and  she  has  been  the  largest  buyer  of  tin 
in  London  this  year.  I  could  name  a  dozen  commodities 
id'  which  she  has  been  the  largest  buyer  in  the  world,  if 
we  except  the  United  States.  And,  mark  you,  Germany 
has  not  any  money  and  she  has  not  any  credit.  I  say  she 
has  no  money;  you  cannot  call  German  marks  money 
now.  But  she  comes  over  here  and  she  wants  $1,000,000 
worth  of  cotton  and  goes  to  a  Cotton  Exchange  member 
and  buys  $1,000,000  worth  of  cotton  and  pulls  $1,000,000 
out  of  her  breeches  pocket,  if  that  is  a  correct  way  of 
speaking.  She  wants  copper  and  produces  the  cash  and 
she  wants  these  other  things  and  produces  the  cash. 

How  does  she  do  it?  There  is  no  question  how  she 
does  it.  She  does  it  because  she  produces  goods  and  be- 
cause she  gets  those  goods  out  into  the  world  and  because 
with  those  goods  she  can  buy  goods. 

Idle  Working  People 

Our  English  friends  are  feeling  very  much  disturbed 
at  the  present  time.  As  you  know,  they  are  talking  about 
the  necessity  of  a  financial  rehabilitation  of  the  Continent 
of  Europe.  They  tell  us  that  there  must  be  organized  an 
enormous  institution  that  will  put  the  finances  and  the 
credit  and  the  exchange  of  Europe  upon  a  safe  and  sound 
basis,  and  Lloyd  George  has  been  as  busy  as  he  could  be 
in  the  last  week  down  at  the  Inter-Allied  Conference  at 
Cannes,  working  out  a  scheme,  back  of  which,  I  may 
mention,  stands  the  United  States  of  America,  with  its- 
assumed  illimitable  wealth,  ready  to  put  up  the  cash. 
With  this  institution  Europe  will  once  more  be  able  to- 
be  a  great  market  and  in  particular  will  buy  the  products 
of  British  industry  and  things  will  be  very  comfortable 
and  very  nice. 

Then  those  of  us  who  study  the  dry  statistics  of  for- 
eign trade  all  over  the  world  come  upon  some  curious 
facts.  We  find,  in  the  first  place,  that  these  demoralized 
countries  in  Europe  have  been  buying  of  Great  Britain 
a  larger  proportion  of  British  exports  than  they  bought 
in  1912  and  1913,  and  that  the  United  States  of  America, 
about  whose  credit  I  suppose  nobody  seriously  doubts,  has 
been  buying  less  of  British  products  than  it  bought  in 
1912  and  191.3.  On  the  face  of  those  figures  it  would 
seem  as  though  a  rather  expedient  thing  to  do  would  be 
to  get  the  United  States  buying.  Perhaps  the  idea  of  the 
Cannes  conference  is  to  get  our  credit  stiffened  up  so 
that  we  can  buy. 

The  hitch  is  here:  Lloyd  George  and  many  of  the 
statesmen  and  financiers  of  England  taught  the  working 
people  of  England,  and  I  include  among  the  working 
people  of  England  not  only  the  wage  earners  but  also  the 
managers  of  industry  and  the  producers  of  England,  that 
after  the  war  they  would  work  less  and  get  more  than 
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they  did  before  the  war.  Consequently  the  British  coai- 
miners  are  insisting  that  they  shall  work  only  30  hr.  a 
week  and  be  paid  four  times  as  much  as  they  were  paid 
before  the  war  for  54  hr.  a  week. 

You  mid  the  same  thing  in  the  British  iron  and  steel 
and  cotton  industries.  When  you  study  the  statistics  of 
British  production  and  foreign  trade,  you  find  that  at  no 
time  since  the  war  has  production  in  Great  Britain  been 
as  much  as  60  per  cent  of  what  it  was  in  1913,  in  spite 
of  the  fact  that  there  are  in  England,  according  to  their 
own  official  statements,  more  workers  than  there  were  in 
1913,  because  there  has  been  no  emigration  from  Great 
Britain  during  or  since  the  war. 

British  Ferrous-Metal  Production 

Then  you  come  upon  a  marvelous  condition  of  affairs. 
We  will  take  the  great  iron  and  steel  industry  that,  next 
to  the  cotton  industry,  is  the  greatest  of  the  export  in- 
dustries of  Great  Britain.  The  normal  production  of 
pig  iron  in  Great  Britain  is  750,000  tons  a  month.  The 
normal  production  of  crude  steel,  steel  ingots  and  cast- 
ings in  Great  Britain  is  875,000  tons  a  month.  What  do 
you  suppose  the  production  of  pig  iron  and  crude  steei 
was  in  June,  1921?  Unless  you  know  the  figures,  you 
cannot  have  the  faintest  idea  of  what  they  were.  In  pin 
iron,  where  there  should  have  been  a  production  of  750.- 
000  tons  a  month,  there  was  a  production  of  1500  tons. 
In  crude  steel,  where  there  should  have  been  a  produc- 
tion of  875,000  tons  a  month,  there  was  a  production  of 
800  tons.  Now  just  imagine  the  British  industries,  the 
engineering  industry,  the  cutlery  industry,  the  railroad 
equipment  industry,  the  thousand  and  one  industries  that 
are  dependent  upon  iron  and  steel  as  the  raw  material  that 
they  are  to  turn  into  products  to  send  to  the  outer  world 
wherewith  to  buy  products,  and  think  what  it  means  to 
have  the  production  of  pig  iron  come  down  to  1500  tons 
in  a  month  and  the  production  of  crude  steel  to  800  tons 
a  month ! 

There  is  where  the  hitch  is.  That  is  why  we  are  hav- 
ing trouble  in  selling  our  goods  as  freely  as  we  should 
like  abroad.  They  are  not  working;  they  are  not  pro- 
ducing; they  are  not  making  the  goods  that  can  be  paid 
for  goods ;  and  we  cannot  sell  goods  unless  other  people 
make  goods  with  which  to  pay  for  our  goods. 

You  can  talk  about  banking  credit,  you  can  talk  about 
the  restoration  of  the  exchanges,  you  can  talk  about  all 
those  things  that  our  financiers  tell  us  about  until  you 
are  black  and  blue  in  the  face,  and  you  will  not  improve 
the  situation  one  iota  unless  people  go  to  work  and  pro- 
duce goods  wherewith  to  buy  goods. 

Conditions  in  This  Country 

Gentlemen,  I  have  been  using  as  an  example  Great 
Britain,  which  I  love  and  in  which  I  believe  with  all  my 
heart  and  soul.  But  I  am  sure  that  no  one  of  you  sitting 
here  fails  to  realize  that  we  have  substantially  the  same 
situation  right  here  in  the  United  States.  We  have  mil- 
lions of  men  still  who  do  not  wish  to  produce  goods  upon 
terms  that  the  world  can  meet,  and  because  they  cannot 
produce  gocds  on  the  terms  they  want,  they  do  not  pro- 
duce them  at  all,  and  because  they  do  not  produce  them 
at  all,  every  industry  suffers.  If  those  goods  were  pro- 
duced, the  products  of  other  industries  would  be  bought 
and  paid  for. 

Sometimes  a  gambling  economist  like  myself  wonders 
at  the  things  men  say  and  do.  We  have  here  in  the 
United  States  a  large  amount  of  industrial  unemploy- 
ment. We  have  had  a  Conference  at  Washington  to  dis- 
cuss what  should  be  done  about  it.    We  have  considerable 


agitation  in  our  States  and  in  our  cities,  and  our  news- 
papers talk  about  it ;  we  talk  about  public  works  and 
this,  that  and  the  other  expedient  to  get  rid  of  industrial 
unemployment.  Yet  at  the  very  same  time  that  we  are 
doing  this  we  are  saying  to  the  farmer  in  Iowa  or 
Nebraska,  "In  1913  when  you  wanted  to  buy  a  farm 
wagon  we  were  glad  to  sell  it  to  you  for  200  bushels  of 
corn ;  today  we  expect  you  to  pay  750  bushels  of  corn  for 
the  same  wagon."  To  the  farmer  in  Kansas  or  Texas 
we  say,  "In  1913  we  were  glad  to  sell  you  a  pair  of  shoes 
for  a  cowhide;  today  we  expect  you  to  give  five  cowhides 
for  a  pair  of  shoes."  To  the  dairy  farmer  up  in  Michi- 
gan we  say,  in  similar  fashion,  "In  1913  for  four  calf- 
skins you  could  get  as  good  a  pair  of  shoes  as  anybody 
needed;  today  we  expect  you  to  pay  21  calfskins  for  a 
pair  of  shoes." 

To  come  a  little  nearer  home,  we  say  to  the  farmer  in 
Nebraska,  Iowa,  Illinois,  "In  1913  we  were  glad  to  sell 
you  an  automobile  that  was  pretty  well  adapted  to  your 
purposes  for  1500  bushels  of  corn;  we  now  expect  you  to 
pay  4000  bushels  of  corn  for  the  same  automobile." 

The  farmer  says,  "I  cannot  and  I  will  not  do  it.  There 
is  no  use  talking  to  me  about  doing  it ;  I  will  not  do  it 
and  I  cannot  do  it." 

A  friend  of  mine  came  back  the  other  day  from  a  trip 
out  through  Nebraska  and  surrounding  territory.  He 
said,  "Heavens  and  earth,  the  clothes  those  farmers  out 
there  are  wearing  look  like  Joseph's  coat  of  many  colors." 
We  said  to  them  in  1913.  "For  100  bushels  of  corn  we 
will  sell  you  a  very  good  suit  of  clothes  made  in  New 
York."  Now  we  say,  "We  expect  you  to  pay  500  bushels 
of  corn  for  the  same  suit  of  clothes  because  our  indus- 
trial workers  in  New  York  who  make  clothing  insist  that 
they  must  be  paid  255  per  cent  more  than  they  were  paid 
in  1913." 

The  farmer  says,  "I  get  only  60  per  cent  of  what  I  got 
in  1913.  How  can  I,  getting  60  per  cent  of  what  I  got  in 
1913,  give  to  a  clothing  maker  in  New  York  City  255  per 
cent  more  than  he  got  in  1913?     I  cannot  and  I  will  not." 

The  farmer  is  coming  in  for  a  large  amount  of  con- 
demnation these  days  because  he  has  what  is  called  a 
bloc  down  in  Washington,  supposed  to  be  working  in  his 
interests.  We  are  told  that  that  is  class  legislation  and 
contrary  to  the  spirit  of  our  institutions,  and  I  rather 
think  it  is;  but  that  is  not  the  essential  point.  The 
essential  point  is  that  when  our  shoemakers  are  ready  to 
sell  shoes  to  the  farmer  for  the  same  number  of  bushels 
of  corn  as  in  1913,  the  farmer  will  buy  just  as  many 
shoes  as  he  ever  bought ;  when  our  clothing  makers  are 
willing  to  sell  clothing  to  the  farmer  for  the  same  num- 
ber of  bushels  of  wheat  as  in  1913,  the  farmer  will  buy 
just  as  many  suits  of  clothes  as  ever  he  bought ;  when 
our  agricultural  implement  makers  will  sell  a  farm  wagon 
or  a  plow  or  a  tractor  to  the  farmer  for  the  same  num- 
ber of  bushels  of  wheat  or  of  corn  or  pounds  of  beef  or 
pork  as  in  1913,  the  farmer  will  buy  just  as  many  wagons 
and  plows  and  tractors  as  he  bought  in  1913;  but  he  will 
not  buy  them  until  that  comes  about.  The  same  thing 
applies  to  your  industry  as  to  these  that  I  have  men- 
tioned. 

Return   of  Economic   Balance   Necessary 

The  clearest-headed  economic  thinker  in  the  United 
States  is,  to  my  mind,  George  E.  Roberts,  vice-president 
of  the  National  City  Bank,  who  addressed  you  a  year 
ago.  Mr.  Roberts  has  been  calling  attention  for  many 
months  to  the  fact  that  there  is  a  natural  equilibrium  or 
balance  between  the  various  producing  and  consuming 
classes  in  each  country  and  between  the  producing  and 


Vol.  \ 


February,  \'<'. 


HAS  BUSINESS  REALLY  TURNED  THE  CORNER 


No.  2 


101 


consuming  countries  of  the  world,  and  that  the  real  root 
of  our  economic  troubles  at  the  present  time  is  that  thai 
equilibrium,  that  balance  between  the  producing  and  the 
consuming  classes,  has  been  turned  topsy-turvy  by  whal 
has  happened  during  and  since  tile  war;  and  that  turning 
the  corner  means  getting  back  to  that  stale  of  balance  or 
equilibrium  which,  from  an  economic  standpoint,  ha 
suited  from  three  generations  of  gradual  adjustments 
under  the  Btress  of  competition. 

Within  reasonable  limits,  when  the  farmer  in  1912 
and  L918  exchanged  wheat  for  shoes,  Eor  clothing,  for  an 
automobile,  he  made  the  exchange  on  a  basis  that  re] 
sented  approximately  the  same  amount  of  labor,  effort, 
capital  employed,  and  the  like,  that  was  represented  bj 
the  product  thai  lie  bought.  'Today  that  is  all  upsel  ami 
the  Bret  anil  most  important  test  of  a  business  entering 
upon  a  real,  continuous  and  dependable  course  of  activity 
and  prosperity  is  a  return  to  that  equitable  balance  oi 
equilibrium  of  which  I  have  spoken. 

due  could  wish  that  when  this  fundamental  truth  is  so 
clear  as  it  is  to  minds  like  Mr.  Roberts'  that  the  process 
might  he  worked  out  by  the  wit  of  man.  You  engineers, 
in  particular,  accustomed  to  problems  that  you  sit  down 
and  tackle  and  work  out  by  your  brains,  must  say  to 
yourselves  100  times,  "Why  in  the  name  of  heaven  can- 
not we  take  this  greal  problem  and  work  it  out  with 
brains  in  the  same  way  that  we  work  out  our  problems?" 
Why  it  cannot  be,  no  one  can  tell.  Human  nature  is  so 
curiously  constituted,  particularly  mass  human  nature, 
that  apparently  a  rational  process  of  working  out  these 
problems  is  impossible;  but  do  not  think  for  that  reason 
that  they  are  not  working  themselves  out.  because  they 
are.  They  are  working  themselves  out  by  a  process  of 
grinding  that  produces  suffering  in  every  direction,  but 
none  the  le>s  they  are  working  themselves  out. 

Urban  and  Rural  Incomes 

1  have  indicated  in  a  general  way  one  of  the  great  in- 
equalities existing  at  the  present  time  by  what  I  have 
said  of  the  farmer  and  what  he  buys.  That  can  be 
generalized,  however,  still  more  broadly  and  I  may  say 
that  one  of  our  great  economic  problems  is  the  lack  of 
equilibrium,  economically  speaking,  between  the  agri- 
cultural population  as  a  whole  and  the  urban  population. 
How  many  of  you  really  understand  how  extraordinarily 
great  thai  lack  of  equilibrium  is?  You  know  thai  the 
population  of  the  United  States  is  almost  equally  divided 
between  urban  dwellers  and  rural  dwellers,  urban  indus- 
trial producers  and  agricultural  producers,  but  do  you 
know  that  according  to  the  best  information  we  can  get, 
information  that  has  been  brought  together  recently  in 
a  wonderfully  instructive  book  gotten  up  by  a  new  so- 
ciety for  economic  research  here  in  New  York  City,  with 
the  population  of  this  Country  equally  divided,  the 
national  income  was  divided  for  the  10  years  ended  with 
1918  in  the  proportion  of  17  per  cent  to  the  agricultural 
population  and  83  per  cent  to  the  urban  population?  The 
urban  population  got  more  than  four  times,  nearly  five 
times,  the  income  that  the  rural  population  got,  and  yet 
the  numbers  of  the  two  populations  were  identical. 

That,  gentlemen,  is  a  state  which  is  inequitable  and 
cannot  endure.  The  truth  is  that  during  the  war  period 
and  since  the  war  period  our  urban  population,  to  use  a 
slang  phrase  of  my  gambling  institution,  has  been  get- 
ting away  with  murder,  but  it  is  having  a  hard  time  now. 

To  illustrate  how  the  thing  is  changing,  I  will  simply 
take  1  lb.  of  cotton  and  tell  you  what  was  happening  with 
it  in  1919  and  the  beginning  of  1920  and  what  is  happen- 
ing to  it  now.     In  the  end  of  1919  and  the  beginning  of 


1920    a    cotton    tanner    m    the    South    sold    his    pound    of 
"lion  i,o-  approximately    10  cents,  which  was  regarded 

a-  an  inordinately  high  price.  That  pound  of  cotton  lolt 
the  farmer's  hands  and  immediately  came  into  the  hands 
of  industrial  ami  urban  workers,  managers,  financiers 
and  all  the  rest   of   US  who  live  in  cities. 

first,  the  cotton  was  sent  to  a  mill,  we  will  say  in  Fall 

River,  thai  manufactures  what  we  know  as  grey  goods, 
semi-finished  cotton  fabric,  and  the  manufacturer  in  Kail 

River  took  thai   pound  of  cotton  and   turned  it  into  gre\ 

goods,  getting  6  yd.  of  grey   goods   nut   of  the  pound. 

Those  ')  yd.  the  manufacturer  Bold  to  what   we  call  a  COI) 
verter,  an   establishment    that    bleaches,  dyes,   prints  and 
treats   the  cotton    fabric  to  make  coat -linings  or  curtain- 
or  a   thousand   and   one   things   that    you    buy   at    a   retai 
store. 

The  cotton  manufacturer  in  Fall  River  sold  the  pound 
of  cotton  in  the  form  of  ti  yd.  'if  cloth  to  a  converter  foi 
22'i;  cents  per  yd.,  getting  $1.35  for  the  pound  of  cotton 
in  the  form  in  which  he  was  through  with  it.  The  con- 
verter, in  his  turn,  after  having  bleached,  dyed,  printed 
and  finished  the  cloth,  sold  the  goods  to  a  jobber  for 
approximately  $1.75  for  the  6  yd. 

Then  the  jobber,  in  his  turn,  sold  the  goods  to  a  re- 
tailer, one  of  our  department  stores  we  will  say,  and  the 
jobber  got  about  $2.2">  for  the  6  yd.  Then  the  goods 
were  in  the  hands  of  the  retailer.  Well,  you  know  what 
the  retailer  did!  He  sold  the  0  yd.  of  cotton  cloth  for 
about  $1.  I  am  giving  you  roughly  the  prices  that  we 
had  all  tilong  the  line  in  1919  and  the  beginning  of  1920. 

In  other  words,  between  the  farmer's  lit  cents  and  tin 
ultimate  [nice  of  the  cotton  cloth  made  out  of  the  pound 
of  cotton,  there  was  the  difference  between  40  cents  and 
$4,  or  $3.60,  and  that  $3.60  all  went  to  urban  and  indus- 
trial workers.  The  railroad  workers  got  the  first  hack 
at  it;  then  it  got  to  Galveston  or  Atlanta  or  Savannah, 
to  a  port,  and  the  stevedores  got  a  hack  at  it;  the  truck- 
men got  a  hack  at  it ;  the  people  that  handled  it  in  and 
out  of  the  ship  got  a  hack  at  it;  then  the  steamship  com- 
pany ;  then  it  got  here  to  New  York  City  and  the  lighter- 
men took  another  hack  at  it.  The  merchants  all  along 
the  line  were  taking  nice  pieces  out  of  it,  and  it  went  to 
the  manufacturer  in  Fall  River.  The  wages  of  the  manu- 
facturer's help  had  been  raised  148  per  cent;  they  took 
a  good  piece  out  of  it.  When  the  manufacturer  was 
through  with  it.  it  went  to  the  converter;  his  help  had 
been  raised  about  180  per  cent;  they  got  a  nice  piece. 
And  so,  all  along  the  line  from  the  farmer's  40  cents  to 
the  $4  ultimately  realized,  one  set  after  another  were 
taking  a  tine  bunch  of  picking  out  of  this  pound  of  cotton. 

What  is  the  situation  today?  The  farmer  in  the  South 
gets,  we  will  say  roughly,  20  cents  per  lb.  for  his  cotton. 
It  goes  to  the  manufacturer  in  Fall  River;  he  makes  i! 
into  (')  yd.  of  cloth  but,  instead  of  being  able  to  get  22 '  L- 
cents  per  yd.,  the  best  he  can  do  today  is  612  cents  per 
yd.;  instead  of  getting  $1.35  for  the  pound  of  cotton,  he 
gets  about  39  cents.  Then  it  goes  to  the  converter  and 
he,  instead  of  being  able  to  get  $1.75,  is  able  to  get  only 
about  60  cents.  It  goes  from  the  converter  to  the  jobber 
and  he.  instead  of  being  able  to  get  the  price  I  men- 
tioned. $2.25,  is  able  to  get  only  about  75  cents.  It  ther. 
goes  to  the  retailer  and  the  retailer,  you  will  see  if  you 
will  look  at  the  advertisements  in  the  papers,  is  no  longer 
getting  $4  for  6  yd.  of  cloth;  he  thinks  he  is  doing  very 
well  if  he  gets  $1.25. 

The  point  I  am  coming  to  is  that  whereas  in  1919 
$;!.(')(i  was  divided  up  along  the  line  to  urban  and  indus- 
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AT  the  Annual  Meeting  of  the  Society  held  last 
month  a  President;  a  First  Vice-President;  five 
Second  Vice-Presidents;  and  four  Councilors, 
three  of  whom  were  elected  for  the  full  term  of  2  years 
and  one  to  serve  for  1  year  only,  were  elected;  and  the 
Treasurer  was  reelected.  In  addition  to  these  officers, 
two  of  the  three  Councilors  elected  at  the  1921  Annual 
Meeting  and  the  last  Past-President  are  voting  members 
of  the  Council  for  1922.  Photographs  of  the  men  who 
will  guide  the  work  of  the  Society  this  year  are  presented 
on  the  following  pages  and  their  careers  are  outlined 
below. 

B.  B.  Bachman 
President  Bachman  was  born  Oct.  4,  1886,  educated 
at  grammar  school,  night  school  and  under  a  private 
tutor,  and  started  his  business  experience  in  1900  as  a 
tracer.  The  next  10  years  were  spent  as  tracer,  detailer 
and  designer  with  the  Enterprise  Mfg.  Co.,  and  the 
Falkenay  Sinclair  Machine  Tool  Co.,  both  of  Philadel- 
phia, and  the  Autocar  Co.,  Ardmore,  Pa.  His  entire  auto- 
mobile experience  has  been  with  the  last-named  company, 
which  was  a  builder  of  passenger  vehicles  until  1912  and 
has  constructed  commercial  vehicles  from  1907  to  date. 
Starting  with  this  company  in  February  1905,  he  became 
assistant  engineer  in  1909  and  engineer  in  1914. 

Mr.  Bachman  was  elected  a  Junior  member  of  the 
Society  in  1910  and  transferred  to  Member  grade  in 
1912.  He  is  a  member  of  the  American  Society  of  Me- 
chanical Engineers,  American  Society  for  Testing  Ma- 
terials and  the  Institution  of  Automobile  Engineers. 
When  the  Pennsylvania  Section  was  organized  he  was 
one  of  the  charter  members  and  served  as  its  first  sec- 
retary. He  was  identified  with  the  work  of  the  Truck 
Standards  Division  in  1911  and  has  been  Chairman  of 
the  Standards  Committee  since  1918.  At  present  he  is 
a  representative  of  the  Society  on  the  American  Engineer- 
ing Standards  Committee.  He  was  elected  to  the  Council 
in  1916  and  again  in  1918.  In  1919  he  was  First  Vice- 
President  of  the  Society,  and  in  1921  Second  Vice-Presi- 
dent representing  motor-car  engineering.  As  a  member 
of  the  Truck  Standards  Division  Mr.  Bachman  partici- 
pated in  the  formulation  of  the  specifications  for  military 
trucks  for  the  Quartermaster  Department,  and  afterwards 
was  engaged  at  irregular  intervals  in  the  design  of  Class 
B  and  Class  A  military  trucks.  In  connection  with  the 
last  named,  he  was  chairman  of  the  committee  on  design. 
At  the  1913  Annual  Meeting  Mr.  Bachman  presented 
a  paper  entitled  Comparative  Results  with  Solid  and 
Pneumatic  Tires  on  Light  Commercial  Vehicles,  and  at 
the  1914  Annual  Meeting  he  treated  the  subject  of 
Double-Reduction  Live  Axle.  At  the  1919  Motor  Truck 
Meeting  he  gave  an  address  on  Pneumatic  Tires  for 
Trucks. 

J.  V.  Whitbeck 

First  Vice-President  Whitbeck  was  born  May  28,  1882, 
at  Sodus,  N.  Y.  He  was  employed  as  a  draftsman  and 
designer  by  the  H.  H.  Franklin  Mfg.  Co.  from  September 
1904  to  October  1906,  when  he  entered  the  service  of  the 
Olds  Motor  Works  as  a  designer.  Leaving  there  in  March 
1907,  he  accepted  a  similar  position  with  E.  R.  Thomas, 
Buffalo.  In  October  of  that  year  he  was  engaged  as 
designer  and  checker  by  the  United  Spring  Co.,  Buffalo. 
In   1908  he  became  designer,  checker  and  experimental 


engineer  with  the  Lozier  Motor  Car  Co.  Mr.  Whitbeck 
was  chief  engineer  of  the  Chandler  Motor  Car  Co.  from 
1913  to  February  1921,  when  he  was  elected  president 
of  the  Cleveland  Automobile  Co.,  the  position  that  he 
now  holds. 

Mr.  Whitbeck  was  elected  to  Member  grade  in  the 
Society  on  Oct.  18,  1912,  and  was  elected  a  Councilor  at 
the  1919  Annual  Meeting. 

F.  E.  Watts 

Second  Vice-President  Watts,  representing  motor-car 
engineering,  was  born  May  22,  1879,  on  a  farm  at  West 
Falmouth,  Me.  He  received  his  education  in  the  common 
schools  of  Falmouth  Township,  and  prepared  for  college 
at  Greely  Institute,  Cumberland  Centre.  He  attended 
the  University  of  Maine  and  was  graduated  in  1901  with 
the  degree  of  Bachelor  of  Science  in  Electrical  Engineer- 
ing. 

His  first  position  was  that  of  tracer  and  draftsman 
for  the  Holley  Motor  Co.,  of  Bradford,  Pa.,  where  he 
worked  on  motorcycles,  air  and  water-cooled  engines, 
light  cars  and  carbureters.  After  remaining  there  for 
6  months  he  left  to  enter  the  service  of  the  Taylor  Signal 
Co.,  Buffalo,  as  a  draftsman  on  electrically  operated  rail- 
road signals.  In  1902  he  secured  his  first  position  as  a 
designer  with  the  J.  W.  Ruger  Co.,  also  of  Buffalo,  builder 
of  gas  and  gasoline  engines  and  baking  and  candy  ma- 
chinery. After  remaining  there  15  months,  Mr.  Watts 
made  his  entrance  into  the  automobile  field  by  securing 
a  position  in  the  drafting-room  of  the  Electric  Vehicle 
Co.,  Hartford,  Conn.,  where  he  remained  for  2  years. 
In  1905  he  became  associated  with  the  Eisenhuth  Horse- 
less Vehicle  Co.,  Middletown,  Conn.,  where  he  held  the 
position  of  designer  of  automobiles  and  compound  en- 
gines for  1  year,  when  he  returned  to  the  Electric  Ve- 
hicle Co.  In  1906  he  severed  connection  with  that 
company  and  went  to  Detroit  as  traveling  representative 
and  technical  writer  for  the  Horseless  Age.  At  the  same 
time  Mr.  Watts  was  engaged  in  consulting  work  on  auto- 
mobile design  and  did  considerable  research  on  air-cooled 
two-cycle  engines.  The  year  1909  was  devoted  to  the 
development  of  a  rotary-valve  engine  and  an  automobile. 
In  1910  he  entered  the  service  of  the  Hupp  Motor  Car 
Corporation,  as  designing  engineer,  subsequently  becom- 
ing chief  engineer  of  that  company,  which  position  he 
still  holds. 

Mi-.  Watts  became  a  Member  of  the  Society  in  the 
spring  of  1908. 

O.  W.  Young 

Second  Vice-President  Young,  representing  tractor 
engineering,  was  born  at  Chicago,  in  1885.  He  attended 
the  public  schools  and  the  technical  high-school  of  his 
birthplace  and  studied  for  1  year  in  preparation  for  the 
practice  of  mechanical  engineering. 

In  1905  he  became  a  draftsman  with  the  Western 
Electric  Co.,  at  Chicago,  and  was  subsequently  trans- 
ferred to  the  engineering  department.  Mr.  Young  spent 
a  year  designing  steam  specialties  and  from  September 
1908  to  June  1910  was  associated  with  the  Chicago  En- 
gineering Co.,  on  development  work.  Relinquishing  that 
connection  he  became  associated  with  the  Economy  Motor 
Car  Co.,  Joliet,  111.,  as  a  mechanical  engineer,  this  mark- 
ing his  entry  into  the  automotive  field.  While  associated 
with  this  company  he  designed  a  motor  truck  and  also  de- 
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signed  and  built  a  light  electric  town-car.  In  November 
1912  he  accepted  a  position  as  engineer  with  the  Minne- 
apolis Motor  Co.,  Minneapolis,  manufacturer  of  motorcy- 
cles and  light  package-delivery  cars,  resigning  in  Decem- 
ber of  the  following  year  to  enter  the  service  of  the  H.  E. 
Wilcox  Motor  Co.,  also  of  Minneapolis.  In  August  1914 
Mr.  Young  became  associated  with  the  McVicker  Engi- 
neering Co.,  a  consulting  engineering  organization,  of 
Minneapolis,  in  the  design  and  development  of  several 
light  tractors.  In  March  1915  he  entered  the  service  of  the 
Hyatt  Roller  Bearing  Co.,  Chicago,  in  its  tractor  bearings 
division  and  has  been  associated  with  that  company  ever 
since.  At  present  Mr.  Young  is  engineering  manager 
of  the  tractor  bearings  division. 

He  was  elected  to  Member  grade  in  the  Society  April 
17,  1917. 

V.  E.  Clark 

Second  Vice-President  Clark,  representing  aeronautic 
engineering,  was  born  at  Uniontown,  Pa.,  Feb.  27,  1886. 
He  was  educated  at  the  Uniontown  public  schools  and 
was  graduated  from  the  United  States  Naval  Academy 
at  Annapolis,  Md.,  in  1907.  When  the  battleship  fleet 
of  the  Navy  made  its  famous  world  cruise  in  1907,  1908 
and  1909,  Ensign  Clark  was  attached  to  the  fleet,  and 
in  1909  made  another  cruise  to  China  and  the  Philippines. 
He  was  commissioned  second  lieutenant  in  the  Coast 
Artillery  Corps  in  1910  and  served  at  Boston,  San  Fran- 
cisco and  Honolulu  for  2  years. 

Lieutenant  Clark  became  interested  in  aeronautics  in 
the  early  part  of  1912,  when  he  took  up  the  study  of  air- 
plane design  and  in  April  1913  he  was  transferred  at 
his  own  request  to  the  newly  organized  aviation  section 
of  the  Signal  Corps.  He  holds  a  pilot's  license  dated 
Nov.  4,  1913,  which  is  one  of  the  earliest  granted  in 
this  Country.  In  September  1914  Captain  Clark  was 
ordered  to  the  Massachusetts  Institute  of  Technology 
to  take  a  post-graduate  course  in  aeronautical  engineer- 
ing, and  was  the  first  officer  graduated  from  this  course. 
Upon  the  completion  of  the  course  in  1915  he  was  imme- 
diately placed  in  charge  of  the  San  Diego,  Cal.,  experi- 
mental and  repair  depot.  In  March  1916  he  was  trans- 
ferred to  the  City  of  Washington  as  chief  aviation  aid 
to  General  Squier  with  the  title  of  chief  aeronautical 
engineer  of  the  United  States  Army.  Captain  Clark  was 
appointed  a  member  of  the  National  Advisory  Committee 
for  Aeronautics  in  1916  and  when  the  United  States 
entered  the  world  war  he  was  the  aeronautical  member 
selected  by  the  Aircraft  Production  Board  to  serve  on 
the  Boiling  Mission  that  visited  France,  England  and 
Italy. 

He  was  commissioned  a  lieutenant-colonel  on  Aug.  5, 
1917,  and  undertook  the  organization  of  the  Army  ex- 
perimental air-station  at  McCook  Field,  Dayton,  Ohio, 
where  he  was  responsible  for  a  large  portion  of  the  air- 
craft engineering  design  work,  including  the  first  all- 
American  battleplanes.  In  March  1918  Colonel  Clark 
was  recalled  to  the  City  of  Washington  and  during  the 
summer  of  that  year  was  in  command  of  the  air-service 
concentration  camp  and  general  supply  depot  at  Mor- 
rison, Va.  He  was  subsequently  reassigned  to  the 
engineering  division  of  the  Air  Service  at  McCook  Field, 
where  he  remained  as  chief  engineer  in  charge  of  air- 
plane design  until  November  1920,  when  he  left  the 
Government  service  to  become  chief  engineer  of  the  Day- 
ton Wright  Co.,  a  position  that  he  now  holds. 

In  the  past  year  Mr.  Clark  carried  to  completion  four 
widely  different  and  remarkably  successful  original  air- 
craft designs.    These  were  a  twin-float  seaplane  intended 


for  timber  cruising  and  aerial  photographic  work,  a  ship- 
board airplane  for  the  control  of  gun-fire  in  naval  engage- 
ments, a  side-by-side  training  airplane  for  the  Army  Air 
Service  and  an  airdrome-defense  airplane. 

Mr.  Clark  was  elected  to  Member  grade  in  the  Society. 
Sept.  12,  1916.  In  conjunction  with  Capt.  T.  F.  Dood 
and  O.  E.  Strahlmann,  Mr.  Clark  presented  a  paper 
entitled  Some  Problems  in  Airplane  Construction  at  1917 
Annual  Meeting  In  addition,  he  has  presented  three 
other  papers  before  the  Society:  Types  of  Military  Air- 
planes, at  the  1918  Annual  Meeting;  Maintaining  Aii- 
plane  Engine  Power  at  Great  Altitudes,  at  the  Aero- 
nautic Meeting  of  the  Society  held  at  New  York  City 
in  1920;  and  Air  Transportation  and  the  Business  Man, 
at  the  1921  Semi-Annual  Meeting. 

C.  B.  Segner 

Second  Vice-President  Segner,  representing  stationary 
internal-combustion  engineering,  was  born  at  Lamar,  Pa., 
July  29,  1871.  His  boyhood  days  were  spent  helping 
his  father  who  operated  a  small  planing-mill,  an  experi- 
ence that  doubtless  developed  his  mechanical  inclinations. 
In  1890  he  became  an  apprentice  in  the  bicycle  factory 
of  the  Crawford  Mfg.  Co.,  Hagerstown,  Md.,  and  2  years 
later  was  transferred  to  the  tool-making  department. 
While  -serving  in  the  latter  apprenticeship  he  studied 
mathematics  and  physics  under  a  private  tutor  and  also 
took  a  correspondence  course  in  gas-engine  design.  In 
1894  Mr.  Segner  was  appointed  assistant  foreman  in  the 
tool-making  department  and  3  years  later  was  promoted 
to  foreman  and  given  supervision  over  the  designing  and 
making  of  tools.  Leaving  the  Crawford  plant  in  1901, 
when  the  bicycle  business  began  to  decline,  he  accepted 
the  position  of  machine-shop  foreman  with  the  American 
Machine  &  Foundry  Co.,  at  Hanover,  Pa. 

In  1902,  with  his  brother,  H.  H.  Segner,  and  A.  S. 
Dornblaser  he  organized  the  Domestic  Engine  Co.  to 
build  small  engines  for  farm  and  domestic  use.  The 
following  year  Mr.  Dornblaser's  interest  was  purchased 
by  J.  E.  Reisner,  of  Shippensburg,  Pa.  At  that  time 
the  plant  was  moved  from  Hagerstown,  Md.,  to  Shippens- 
burg, and  the  business  incorporated  as  the  Domestic 
Engine  &  Pump  Co.  With  this  change  in  the  location 
of  the  plant  the  construction  of  farm  engines  was  dis- 
continued and  the  building  of  a  complete  line  of  portable 
direct-connected  pumping  and  hoisting  engines  for  con- 
tractors' use  was  undertaken.  In  1916  Mr.  Segner  was 
promoted  from  superintendent  to  vice-president  and  gen- 
eral manager,  his  present  position.  He  has  either  de- 
signed or  supervised  the  designing  of  the  engines  built 
by  this  company  since  its  organization. 

He  was  elected  to  Member  grade  in  the  Society,  Feb. 
13,  1920. 

Henry  M.  Crane 

Councilor  Crane  was  born  on  June  16,  1874.  He  re- 
ceived his  education  in  private  schools,  with  a  final  year 
at  Phillips  Exeter  Academy,  graduating  in  1891.  He 
was  graduated  from  Massachusetts  Institute  of  Tech- 
nology in  1895  with  the  degree  of  Bachelor  of  Science  in 
Mechanical  Engineering  and  in  1896  with  a  similar 
degree  in  Electrical  Engineering. 

After  graduating  he  joined  the  laboratory  force  of 
the  American  Telephone  &  Telegraph  Co.  in  Boston  and 
worked  there  2  years.  In  1898  he  was  transferred  to 
the  engineering  depai-tment  of  the  Western  Electric  Co. 
in  New  York  City,  where  he  worked  first  on  the  prepara- 
tion of  telephone  switchboard  installation  specifications 
and  later  on  the  development  of  apparatus  and  circuits. 
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In  1905  he  left  the  engineering  department  to  become 
engineering  assistant  to  H.  B.  Thayer,  general  manager 
of  the  company,  and  finally  resigned  from  the  company 
in   1906. 

In  1906  Mr.  Crane  organized  the  Crane  &  Whitman 
Co.  in  Bayonne,  N.  J.,  for  the  development  of  gasoline 
automotive  machinery  and  especially  motor  cars.  This 
company  later  became  the  Crane  Motor  Car  Co.,  and  in 
1914  was  consolidated  with  the  Simplex  Automobile  Co. 
He  was  president  of  the  Crane  Motor  Car  Co.  and  vice- 
president  of  the  Simplex  Automobile  Co. 

In  1916  the  Wright-Martin  Co.  was  organized  and 
absorbed  the  Simplex  company.  Mr.  Crane  became  vice- 
president  in  charge  of  engineering  and  remained  in  this 
position  after  the  reorganization  of  the  company  as  the 
Wright  Aeronautical  Corporation,  about  Jan.  1,  1920. 
He  resigned  from  the  latter  company  on  March  15,  1920. 
and  for  the  remainder  of  the  year  was  not  engaged  in 
any  regular  business  but  did  some  consulting  work. 
During  the  past  year  he  has  been  engaged  in  the  develop- 
ment of  a  new  passenger-car,  the  powerplant  of  which 
is  now  undergoing  road  tests  in  an  old  chassis. 

Mr.  Crane  has  taken  a  prominent  part  in  the  work  of 
the  Fuel  Committee  of  the  Society,  and  is  Chairman  of 
its  Research  Committee  and  the  Aeronautic  Division  of 
the  Standards  Committee.  At  the  1920  Annual  Meeting 
of  the  Society  he  was  elected  Second  Vice-president  rep- 
resenting aeronautic  engineering. 

W.  R.  Strickland 

Councilor  Strickland  was  born  in  1875  at  Cincinnati. 
He  received  his  education  at  the  Chicago  Manual  Train- 
ing School  and  at  the  Massachusetts  Institute  of  Tech- 
nology from  which  he  was  graduated  with  the  degree  of 
S.B.  in  1898.  Immediately  after  graduation  he  entered 
the  Navy  as  an  assistant  engineer  with  the  rank  of 
ensign  and  served  at  the  Mare  Island  Navy  Yard  on  the 
Pacific  Coast  and  in  the  Hawaiian  Islands  on  the  U.  S.  S. 
Bennington  during  the  Spanish-American  War.  Until 
September  1899  he  was  employed  as  a  draftsman  by  the 
Blake  Pump  Co.,  Cambridge,  Mass.,  and  the  Buckeye 
Engine  Co.,  Salem,  Ohio.  From  September  1899  to  Jan- 
uary 1901  he  was  a  designer  of  electric  traveling-cranes 
and  chief  engineer  of  the  Case  Mfg.  Co.,  of  Columbus, 
Ohio.  At  that  time  he  became  interested  in  railroad 
work,  entering  the  service  of  the  Colorado  Fuel  &  Iron 
Co.,  Denver,  Col,  where  he  was  engaged  in  railroad  loca- 
tion work  in  connection  with  the  opening  up  of  coal 
mines  and  marble  quarries.  In  1902  he  became  associ- 
ated with  the  New  York  Central  and  Hudson  River  Rail- 
road on  railroad  location  and  construction,  general  en- 
gineering, maintenance,  bridge  and  building  work.  In 
1904  he  was  assistant  secretary  of  J.  G.  White  &  Co., 
New  York  City,  and  was  superintendent  of  construction 
on  hydraulic  and  electric  development  at  San  Juan,  P. 
R.,  leaving  there  in  February  1908.  In  July  of  that  year 
he  secured  the  position  of  mechanical  engineer  and  as- 
sistant manager  of  the  Detroit  plant  of  the  American 
Radiator  Co.  and  had  charge  of  the  operation  and  im- 
provement of  the  continuous  molding  plant  and  machin- 
ing department.  In  1911  he  became  assistant  engineer 
with  the  Peerless  Motor  Car  Co.,  Cleveland,  Ohio,  where 
he  was  engaged  in  the  perfecting  and  developing  of  four, 
six  and  eight-cylinder  engines  and  truck  and  car  chassis 
with  bodies  and  fittings.  He  was  made  chief  engineer 
of  this  company  in  1913.  He  resigned  this  position  last 
fall. 

Mr.  Strickland  was  elected  to  Member  grade  in  the 
Society  Jan.   5,   1912.     He  served  as  Treasurer  of  the 


Cleveland  Section  for  the  administrative  year  1916-1917 
and  was  elected  Chairman  of  the  Section  the  following 
year.  Last  year  Mr.  Strickland  was  Vice-Chairman  of 
the  Standards  Committee,  Chairman  of  the  Ball  and 
Roller  Bearings  Division  of  that  committee,  and  Chair- 
man of  the  Sectional  Committee  on  Ball  Bearings  of  the 
American  Engineering  Standards  Committee. 

C.  F.  Scott 

Councilor  Scott  was  born  at  New  York  City  on  May 
30,  1886.  He  prepared  for  college  at  the  Haverford 
School,  Haverford,  Pa.,  for  4  years  and  was  graduated 
from  the  mechanical  engineering  course  at  Haverford 
College  in  1908. 

Following  his  graduation  he  entered  the  service  of  the 
Sprague  Electric  Works  in  the  engineering  department. 
After  serving  1  year  as  a  designing  engineer  he  was 
appointed  .commercial  engineer  of  electric  motor  and  con- 
trol applications.  He  has  been  identified  with  the  devel- 
opment and  application  of  the  electric  dynamometer  al- 
most from  its  inception  in  1909.  In  connection  with  his 
work  on  dynamometers  Mr.  Scott  specialized  for  2  years 
in  the  adapting  of  the  electric  dynamometer  to  testing 
automobile  engines  by  a  thorough  study  of  the  internal- 
combustion  engine.  He  developed  and  installed  the  first 
electric  dynamometer  for  testing  a  complete  automobile 
chassis. 

Mr.  Scott  was  elected  to  Junior  grade  in  the  Society, 
Oct.  24,  1911,  and  was  transferred  to  Member  grade, 
Sept.  11,  1912.  He  was  elected  Chairman  of  the  Metro- 
politan Section  in  1918  and  automatically  became  vice- 
chairman  the  following  year  in  accordance  with  the  pro- 
visions of  the  Section  constitution.  He  was  a  member 
of  the  Society  Nominating  Committee,  representing  the 
Metropolitan  Section,  in  1918  and  1919,  and  was  secre- 
tary of  the  committee  in  the  latter  year,  and  a  member 
at  large  of  the  1920  committee.  He  has  been  a  member 
of  the  Meetings  Committee  of  the  Society  since  1913 
and  during  the  past  year  served  as  its  chairman. 

Lon  R.  Smith 

Councilor  Smith  was  born  at  Brownsburg,  Ind.,  Dec. 
24,  1876.  After  being  graduated  from  high  school,  he 
spent  4  years  at  pattern-making  and  3  more  at  die- 
sinking.  Since  entering  the  service  of  the  Motsinger 
Device  Mfg.  Co.,  Pendleton,  Ind.,  as  superintendent  in 
1903,  Mr.  Smith's  experience  has  been  confined  to  the 
development  of  ignition,  carburetion  and  engines.  In 
1907  he  became  superintendent  of  the  magneto  factory 
of  the  Henricks  Novelty  Co.,  Indianapolis,  and  from  1908 
to  1910  was  a  salesman  for  that  organization. 

In  March  1910  he  was  appointed  Western  representa- 
tive of  the  Eisemann  Magneto  Co.  and  as  such  repre- 
sented it  in  all  of  the  United  States  west  of  Buffalo  with 
the  exception  of  Michigan  and  Wisconsin  until  the  fall 
of  1916.  At  that  time  he  became  sales  manager  of  the 
engine  department  of  the  Buda  Co.,  Harvey,  111.  He  left 
that  company  in  June  1919  to  accept  the  position  of 
vice-president,  directing  sales  and  advertising,  with  the 
Midwest  Engine  Co.,  Indianapolis. 

Mr.  Smith  was  elected  to  Member  grade  in  the  Society 
in  June  12,  1911,  and  was  Chairman  of  the  Indiana  Sec- 
tion in  1915  and  1916,  and  was  reelected  chairman  in  the 
spring  of  1921.  He  was  elected  Treasurer  of  the  Mid- 
West  Section  in  1918. 

W.  A.  Brush 

Councilor  Brush  was  born  at  Detroit,  Nov.  9,  1872. 
He  was  educated  in  the  high   school  of  his  birthplace 
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and  also  pursued  some  independent  courses  of  instruc- 
tion. Mr.  Brush  has  been  connected  with  the  sales  de- 
partment of  the  Packard  Motor  Car  Co.,  and  was  formerly 
head  of  the  technical  department  of  the  Buick  Motor  Co., 
Flint,  Mich.  Together  with  A.  P.  Brush  he  organized 
the  Brush  Engineering  Association  at  Detroit,  to  give 
technical  advice  to  motor-car  builders.  He  has  been  busi- 
ness manager  of  that  organization  since  1913. 

Mr.  Brush  was  elected  to  Membership  in  the  Society 
January  1914,  and  has  taken  a  prominent  part  in  the 
affairs  of  the  Detroit  Section,  having  served  as  its  Chair- 
man. He  has  also  rendered  the  Society  valuable  service 
as  Chairman  of  its  Membership  Committee. 

Francis  W.  Davis 

Councilor  Davis  was  born  at  Philadelphia  in  1887.  His 
first  business  venture  was  at  the  age  of  17,  when  he 
managed  a  motorcycle  agency  and  had  charge  of  a  small 
machine-shop  which  specialized  in  repairing  automobiles 
and  motorcycles  and  in  experimental  work.  From  1906 
to  1910  he  attended  Harvard  University  and  studied  me- 
chanical engineering  with  particular  reference  to  steam 
and  oil  engines.  He  was  graduated  in  1910  with  the 
degree  of  Bachelor  of  Science. 

Upon  leaving  college  he  entered  the  service  of  the 
Pierce-Arrow  Motor  Car  Co.,  Buffalo,  and  took  a  course 
in  the  various  departments  of  the  factory.  He  was  then 
placed  in  the  experimental  department  and  afterward 
transferred  to  the  sales  department  as  a  sales  engineer. 
In  1915  and  1916  Mr.  Davis  was  consulting  engineer  on 
motor  trucks  for  the  British  Admiralty  and  War  Office. 
In  this  position  he  had  to  do  with  the  selection  of  the 
equipment,  its  inspection,  the  training  of  the  personnel, 
the  establishment  of  repair  and  maintenance  facilities 
and  the  operation  of  the  equipment  overseas.  He  re- 
turned to  the  Pierce-Arrow  Motor  Car  Co.  in  1916  as 
assistant  chief  engineer  of  the  truck  department  and 
since  that  time  has  been  truck  engineer  and  consulting 
engineer  of  the  truck  department,  in  charge  of  design, 
experimental  work,  testing  and  quality,  his  present  posi- 
tion. 

Mr.  Davis  was  elected  a  Member  of  the  Society  in  1916. 
He  is  a  member  of  the  Truck  Division  of  the  Standardy 
Committee,  the  Truck  Standards  Committee  of  the  Na- 
tional Automobile  Chamber  of  Commerce,  the  Permanent 
Committee  of  Washington  Highway  Transportation  Con- 
ference, and  served  as  Chairman  of  the  Society's  Com- 
mittee on  the  Science  of  Truck  Operation. 

Charles  B.  Whittelsey 

Treasurer  Whittelsey  has  been  connected  with  the 
Hartford  Rubber  Works  Co.  since  1901,  beginning  as  its 
purchasing  agent.  In  1905  he  was  made  assistant  to  the 
general  manager,  in  1906  superintendent,  in  1911  secre- 
tary and  factory  manager,  in  1915  vice-president  and 
factory  manager,  and  in  1916  president  and  factory  man- 
ager. He  has  served  as  president  of  the  Hartford  Cham- 
ber of  Commerce  and  of  the  Hartford  County  Manufac- 
turers' Association. 

Mr.  Whittelsey  was  elected  to  Membership  in  the  So- 
ciety in  1910.     In  1916  he  was  elected  a  Life  Member. 


He  was  a  member  of  the  Standards  Committee  for  sev- 
eral years,  beginning  in  1911,  and  served  as  chairman 
of  the  Tire  and  Rim  Division  in  1918  and  1919.  Mr. 
Whittelsey  was  a  member  of  the  Council  in  1912  and 
1913,  and  was  elected  Treasurer  in  1918  and  reelected 
each  year  since.  At  the  1912  Annual  Meeting  he  deliv- 
ered a  paper  on  Solid  Motor  Tires,  and  at  the  1915 
Annual  Meeting  presented  a  paper  entitled  The  Pros  and 
Cons  of  Tire  Inflation. 

David  Beecroft 

Past-President  Beecroft  was  born  in  1875  at  Marnock, 
Ont.,  Canada.  He  graduated  from  the  Barrie  Collegiate 
Institute.  Beginning  in  1895,  he  was  an  instructor  for  6 
years  at  a  St.  Thomas,  Ont.,  school,  being  connected  also 
with  the  editorial  department  of  the  St.  Thomas  Daily 
Times.  Leaving  St.  Thomas  in  the  summer  of  1901,  he 
was  engaged  by  the  Chicago  Daily  News  as  an  advertis- 
ing solicitor. 

In  1902  he  became  editor  of  the  Automobile  Review,  a 
weekly  publication.  In  1904  Mr.  Beecroft  was  assistant 
editor  of  Motor  Age,  of  which  he  became  editor  in  1907. 
In  July  1911  he  undertook,  in  addition  to  the  Motor  Age 
work,  the  position  of  editor  of  The  Automobile.  In  No- 
vember of  that  year  he  became  also  editor  of  Commercial 
Vehicle,  and  in  February  1914  he  took  a  similar  position 
with  Motor  World.  At  the  present  time  he  is  directing 
editor  of  the  Class  Journal  Co.,  New  York  City. 

Mr.  Beecroft  has  been  a  pioneer  in  automobile  contest 
work,  having  drafted  the  first  stock-car  racing  rules  and 
been  closely  identified  with  the  American  Automobile 
Association  Contes't  Board  for  many  years. 

Mr.  Beecroft  became  a  Member  of  the  Society  in  1911 
and  has  served  on  the  Council  for  5  years.  He  has  been 
a  member  of  the  Meetings  Committee  for  6  years  and  its 
Chairman  for  5  years. 

Coker  F.  Clarkson 

Secretary  and  General  Manager  Clarkson  was  born  at 
Des  Moines,  Iowa,  in  1870,  and  was  graduated  from 
Phillips  Exeter  Academy  in  1888.  In  1889  he  was  in 
Government  service  in  the  Post  Office  Department.  He 
was  graduated  from  Harvard  College  in  1894,  pursuing 
post-graduate  work  there  for  the  next  2  years.  He  was 
next  engaged  in  connection  with  the  installation  of  an 
underground  telephone  system  in  Philadelphia  for  2  years, 
after  which  time  he  moved  to  New  York  City  and  spent 
several  years  in  work  on  technical,  legal,  patent,  labora- 
tory and  automobile  subjects.  From  1905  to  1910  he 
was  connected  with  the  Association  of  Licensed  Auto- 
mobile Manufacturers,  as  secretary  of  its  Mechanical 
Branch,  publicity  manager  and  assistant  general  man- 
ager. During  this  time  he  was  the  editor  of  the  A.L.A.M. 
Mechanical  Branch  Bulletins  and  of  the  A.L.A.M. 
weekly  digest  of  current  technical  literature. 

Mr.  Clarkson  has  been  Secretary  and  General  Manager 
of  the  Society  of  Automobile  Engineers  and  of  the  So- 
ciety of  Automotive  Engineers  since  1910. 

During  the  war  Mr.  Clarkson  was  associated  with  the 
Council  of  National  Defense,  and  served  as  a  member 
of  the  automotive  products  section  of  the  War  Industries 
Board  and  of  the  International  Aircraft  Standards  Board. 
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SPECIAL  NOTICE 

New  Policy  with  regard  to  distribution  of  the 

Transactions 

and   the 

Membership  Roster 


FOR  some  time  past  there  has  been  considerable  discussion  among  mem- 
bers and  the  officers  and  councilors  on  the  question  of  eliminating  the 
more  or  less  unnecessary  expense  in  the  issuance  and  distribution  of 
publications  of  the  Society,  including  cases  where  there  is  duplication  of  the 
printed  matter.  In  this  connection  it  is  felt  that  approximately  $15,000  can 
be  saved  annually  in  the  printing  and  delivery  of  the  Transactions,  and 
that  this  $15,000  can  be  used  to  much  better  advantage  in  broadening  the 
Research  and  Standards  work  of  the  Society.  The  consensus  of  opinion 
among  the  Officers  and  the  Council  is  that  the  greater  part  of  the  member- 
ship will  not  object  to  the  transference  of  these  available  funds  for  the  pur- 
poses above  mentioned,  if  the  Transactions  are  made  available  at  a  nominal 
cost  to  the  members  who  want  them. 

A  resolution  was  therefore  passed  at  the  organization  meeting  of  the 
1922  Council  for  the  purpose  of  eliminating  the  greater  part  of  the  expense 
of  printing  and  mailing  the  Transactions  by  making  them  available  to 
members  at  $2  per  part,  there  being  two  parts  in  each  volume  of  annual 
Transactions  as  now  issued. 

Practically  all  of  the  material  contained  in  the  Transactions  is  pre- 
printed in  The  Journal  of  the  Society.  It  is  therefore  possible  for  mem- 
bers who  do  not  wish  to  buy  the  Transactions  to  save  their  Journals  for 
reference  purposes.  However,  it  would  hardly  pay  a  member  to  have  his 
Journals  bound  in  preference  to  buying  the  Transactions,  because  the  cost 
of  binding  per  volume  would  probably  be  more  than  $2. 

Sufficient  notice  will  be  given  in  advance  of  printing  so  that  all  members 
who  wish  the  Transactions  can  get  their  orders  in  before  the  editions  go 
to  press. 

Membership  Roster 

With  regard  to  the  Membership  Roster,  it  was  decided  to  eliminate  the 
Company  List  and  the  Geographical  List,  thereby  reducing  the  expense  about 
one-half.  In  the  future  the  Roster  will  contain  an  Alphabetical  List  only, 
and  as  a  further  measure  of  economy  it  will  be  sent  to  members  only  on  re- 
quest. 

The  Roster  is  now  in  process  of  manufacture.  An  order  blank  was  sent 
out  recently  with  one  of  the  Chicago  Meeting  Bulletins.  You  are  urgently 
requested  to  fill  it  out  and  return  it  to  the  office  of  the  Society  at  once.  Or- 
ders will  be  honored  up  to  March  1,  1922.  If  you  have  not  received  or  have 
mislaid  the  blank  sent  you,  please  use  the  blank  printed  on  page  110  of  this 
issue  of  The  Journal. 
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IMPORTANT  NOTICE 

Do  you  want  a  Membership  Roster? 

If  you  wish  to  have  your  name  and  address  correctly  recorded  in  the  1922  Roster, 
please  fill  in,  sign  and  return  the  attached  blank  at  once. 

Rosters  will  be  sent  only  to  those  members  who  request  them    (See  special  notice 
on  page  109).    Your  order  must  be  received  in  the  Society  offices  on  or  before  March  1, 
1922. 
Name  of  company  with  which  you  are  connected 


Address  of  company 

(Street  and  Number) 

What  is  your  position  or  title?     (State  fully) 

( Town ) 

(State) 

Where  shall  we  address  your  mail? 

(Street  and  Number) 

Of  which  Section  are  you  a  member? 

(Town) 

(State) 

Do 

I  [>  want  a  1922  Membership  Roster 

Do  Not 


Fill   in  on  typewriter 
if  practicable. 


(Print  name  in  full) 
(Signature) 


HAS  BUSINESS  REALM    TURNED  THE  CORNER? 


(Concluded  from  page  101) 


trial  workers  of  one  kind  and  another,  today  barely  $1 
is  divided  up  among  them.  In  other  words,  there  is  a 
shrinkage  in  what  the  urban  workers  and  dwellers  are 
getting  out  of  that  cotton  of  not  far  from  $2.50. 

In  1919  the  United  States  used  3,000,000,000  lb.  of 
cotton.  Take  a  pencil  and  figure  on  that.  There  is  a 
shrinkage  today  of  at  least  $6,000,000,000  in  the  dis- 
tributable income  going  to  the  urban  classes  and  workers 
in  the  United  States  from  the  cotton  used  in  the  United 
States  alone,  as  compared  with  2  years  ago. 

Do  you  wonder  that  many  people  who  would  like  to 
buy  automobiles  cannot  buy  them?  Think  of  the  people 
who  are  being  hit  by  that ;  think  of  the  people  who  have 
lost  their  jobs  altogether  because  of  it.  What  is  true  of 
cotton  is  true  of  copper;  true  of  the  products  of  iron 
and  steel;  true  of  any  number  of  commodities  turned 
into  finished  products  by  the  various  processes  of  manu- 
facture. 

The  urban  income  of  the  United  States  has  been 
squeezed  I  do  not  know  how  many  billions  of  dollars  in 
the  last  2  years,  and  it  is  by  that  process  that  this  re- 
adjustment that  I  have  described  as  necessary  and  in- 


evitable is  actually  coming  about.  Right  there  is  to  be 
sought  the  real  reason  for  industrial  unemployment  in 
the  United  States.  Does  anybody  doubt  that,  if  it  were 
possible  to  give  every  class  of  persons  in  the  United 
States  the  same  quantity  of  goods  that  they  were  taking 
in  1912  and  1913,  there  would  be  any  unemployment  in 
the  Country  to  speak  of? 

What  applies  here  applies  also  to  Great  Britain  and 
her  business  on  the  Continent.  Her  exports  today  are 
running  about  40  per  cent  in  volume  of  what  they  were 
in  1913,  and  there  is  only  one  way  in  which  they  can  be 
brought  back  and  that  is  by  bringing  the  prices  down 
to  the  conditions  of  the  classes  of  people  that  have  to  buy. 

I  think  I  have  given  you  the  main  test  that  any  one  of 
you  can  apply  to  determine  when  business  is  actually  on 
the  point  of  turning  the  corner.  I  want  to  say  this  be- 
fore I  close.  There  are  very  many  signs  of  a  rather 
obscure  kind,  particularly  in  Europe,  that  the  new  situ- 
ation is  actually  coming  about.  There  are  many  signs  in 
Europe  that  production  and  consumption  are  steadily 
rising.  That  is  the  best  omen  for  the  future  that  I  know 
of,  for,  with  goods,  goods  can  be  bought. 
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Research  Information  Service 


A  STRIKING  illustration  of  the  probable  cost  of 
m>t  having  research  information  readily  and 
fully  available  is  to  be  found  in  a 
President  l'ritchett  of  the  Carnegie  Foundation  for  the 
Advancement  of  Teaching  in  which  he  reports  that,  on  a 
visit  in  1918  to  the  German  Imperial  Research  Labora- 
tories at  Grosslichterfelde,  he  was  informed  that  80  per 
of  all  the  problems  sent  to  that  laboratory  and  sup- 
posedly demanding  experimental  research  were  answered 
from  their  card-catalog  of  research  information. 

If  any  Buch  percentage  of  proposed  research  under- 
takings in  this  Country  is  unnecessary  because  of  previ- 
ous work,  information  to  this  effect  will  result  in  aggre- 
gate savings  out  of  all  proportion  to  the  time  and  cosl  of 
making  the  information  available.  Moreover,  the  ulti- 
mate object  of  the  Society's  Research  Department,  which 
is  to  serine  through  conceited  effort  along  research  lines 
more  reliable  technical  information  for  the  benefit  of  the 
industry,  and  to  make  this  information  more  readily 
available  to  those  interested  in  automotive  problems,  can- 
not be  attained  without  first  collecting  the  best 
information  as  to  what  has  been  accomplished  and  is  now 
under  way  in  the  way  of  research  applicable  to  our  indus- 
try.   To  be  sure,  much  of  the  information  that  is  net 


is  in  print.  The  collection  of  such  information  is  merely 
a  matter  of  time  and  patience,  and  an  immense  saving  in 
both  can  result  from  a  collection  of  this  information  by 
the  Research  Department  for  the  benefit  of  the  individual 
engineer.  .Much  of  the  valuable  information,  however,  is 
not  in  print,  but  is  in  the  records  of  researches  not  yet 
published;  in  the  back-tiles  of  laborator  ind  in  the 

of  men  who  have  put  in  the  time  and  energy 

isary  to  solve  some  problem,  perhaps  in  an  emer- 
that  has  long  p.  I  which  maj  arise  t'<>r  some 

other  engineer. 

Nor  does  even  this  cover  the  field  of  useful  information 
as  fully  as  it  should  be  covered.  Sometimes  the  most 
useful  information  is  how  not  to  do  a  thing.  Informa- 
tion on  the  negative  results  or  experimental  failures  sel- 
dom gets  into  print  and  not  often  into  records.  Nor  do 
the  plans  and  ideas  for  researches  proposed  or  in  prog- 
become  matters  of  record.  The  Research  Dep- 
ment  wants  to  make  the  fullest  practicable  use  of  such 
information  by  having  records  on  file  of  not  only  what 
has  been  accomplished  but  also  what  general  problems 
the  various  men  and  laboratories  are  interested  in.   When 

ral  members  are  interested  in  the  same  problems,  they 
may  find  it  very  much  worthwhile  to  work  together.    We 


ENGINE 

Structural  problems. 
Carbureters  and  intake  systems. 
Pressure   and   temperature   cycles   and 

measuring  instruments. 
Friction  losses. 

Exhaust  system  and  mufflers. 
Cooling  system,  fan  efficiencies,  etc. 
Vibrations  and  balancing. 
Performance    of    complete    powerplant 

units. 
Starting  in  cold  weather. 
Exhaust-gas  analysis. 
Combustion-chamber  design. 

CLUTCHES 

Structural  problems. 
Materials,  facings,  etc. 
Methods  of  test. 

TRANSMISSION 

Structural  problems. 

Efficiencies  and  performance  character- 

i-Mcs  of  sliding  gear  transmission. 
Lubrication  and  lubricants. 
Causes  of  noise. 
Other  types  of  transmission. 

REAR  AXLES 

Structural  problems. 
Efficiencies  and  performance  character- 
istics. 
Brake  systems  and  lining  materials. 

hi  tssis 

Structural  problems. 
Performance. 
Steering  systems. 
Four-wheel  brakes. 

BODY 

Design  and  structure. 
Painting  and  finishing. 
Wind-resistance. 
Causes  of  noise. 

ASSEMBLED  VEHICLE 

Tests  of  performance. 
Relation  of  weight  and  fuel  economy. 
Comparative   deterioration    with    pneu- 
matic and  solid  tires. 


I  I  ELS  AND  FUEL  ECONOMY 

Effect  of  fuel  characteristics  on  economy. 
Mixture  ratios  required  for  economy. 
Physical  and  chemical  properties  <> 

li  rider  pressures. 
Phenomena  of  combustion. 
Effects  of.  turbulence. 
Blended  fuels — alcohol,  benzol,  alcogas, 

etc. 
Addition  of  water  vapor  and  steam  to 

mixture. 
Fuel-sa\  •  ; 
Carbon  formation  and  its  disintegration 

or  removal. 
Ignition-point  of  gaseous  mixtures  under 

different  pressures. 

LUBRICATION 

Lubricating  systems. 

Laws  of  lubrication  of  bearings. 
Mechanical  efficiencies. 
Rates  of  wear. 

conization. 
"Body"  of  lubricants, 
i  'rankcase  dilution. 

Contamination   of   oil   by   hydrocarbon 
fuels. 

iamation  of  oil. 

ELECTRICAL  SYSTEMS 

Lighting  generators. 

■  v  pr  ■<  lems. 
Storage  batteries. 
Headlamps  and  glare. 

MISCELLANEOUS  MATERIALS 

Special  steels. 
Castings  of  iron  and  steel. 
Structural  uses  of  light  alloys. 
Paints  and  varnishes. 
Istery  materials. 
Rust  prevention. 
Metal  plating. 
Bearing  metals. 

Methods  of  detecting  flaws  in  metals. 
Valve  steels. 
Die-castings. 
Anti-freeze  compounds. 
Hysteresis  in  metals. 


MISCELLANEOUS  PROBLEMS  OF  DE- 
SIGN 

Design  and  performance  of  gears. 

Dynamics  of  spring  suspensions. 

Theory  of  wheel  design. 

Balancing  and  harmonic  vibration. 

Gyroscopic  effects. 

TIRES 

Tire  efficiencies  and  methods  of  test. 
Effects  of  vehicle  design  on  tire  wear. 
Specification  for  rubber  used  in  tires. 

ACCESSORIES 

Piston-rings  and  pins. 

Speedometei 

Fuel  flow-meters. 

Time-pieces. 
Warning  signals,  etc. 

MOTOR   TRUCK   PROBLEMS 

Structural  problems. 
Road  resistance. 
Grade  resistance. 

Analyses  of  operating  costs  with  relation 
to  class  of  service  and  class  of  truck. 
Impact  tests  on  roads. 

TRACTOR   PROBLEMS 

Structural  problems. 

Performance  and  efficiencies. 

Air-cleaning. 

Oil  dilution. 

Use  of  heavy  fuels. 

Efficiencies  of  implements. 

Cooling  fans  and  radiators — special. 

Overturning. 

Economic  sizes  of  tractors. 

Cost  analyses. 

AERONAUTICS 

Aerodynamics  of  airplane  structures. 

Navigation  instruments  and  navigation. 

Relation  of  flying  speed  to  landing  speed. 

Multiple-engine  problem. 

Propeller  speeds  and  gear  reduction. 

Radiator  efficiencies. 

Fire  hazard. 

Metal  construction  of  planes. 

Materials  of  construction. 
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are  referring  now  to  fundamental  researches  rather  than 
to  development  problems,  which  latter  the  Department 
does  not  wish  to  include. 

As  a  first  step  in  securing  information  as  referred  to 
above,  letters  have  been  written  to  all  research  labora- 
tories and  to  such  engineers  as  can  be  reached,  request- 
ing information  that  will  serve  as  a  preliminary  survey  of 
the  present  research  situation.  After  the  replies  to  these 
inquiries  have  been  studied,  they  will  be  supplemented  by 
personal  visits  to  the  laboratories  in  which  active  work  is 
in  progress. 

The  collection  of  this  information  will  be  of  direct 
value  to  the  individual  engineer  only  so  far  as  he  makes 
use  of  it.  To  make  the  information  as  useful  as  possible, 
the  Department  has  prepared  a  simple  subject-index 
which  is  reproduced  on  this  page.  If  you  have  not  re- 
plied to  a  special  letter  from  the  Department  regarding 
research  information,  or  even  if  you  have  done  so,  and 
are  interested  in  receiving  from  or  in  supplying  to  the 
Department  research  information  along  any  of  the  lines 
indicated  in  the  topic  card  or  along  any  other  lines,  please 
write  us  accordingly. 

The  general  aims  and  objects  of  the  Eesearch  Depart- 
ment have  been  described  so  fully  in  previous  issues  of 
The  Journal  that  more  is  hardly  necessary.    Our  indus- 


try, like  most  others  in  the  United  States,  has  in  the  past 
underestimated  the  importance  of  fundamental  research 
compared  with  development  and  sales  practice,  and  it  is 
to  remedy  this  condition  that  the  Research  Department 
has  been  established.  The  Society  is  not  alone  in  recog- 
nizing that  the  future  development  of  industry  in  this 
Country  is  certain  to  be  on  a  basis  of  keener  competition 
with  other  nations  and  to  require  on  our  part  more  gen- 
eral application  of  fundamental  scientific  and  technical 
information,  the  result  of  fundamental  research.  The 
demand  for  men  who  have  been  trained  in  fundamentals 
and  in  research  methods  has  come  to  far  exceed  the  sup- 
ply even  under  present  conditions  when  there  are  in  gen- 
eral more  men  in  search  of  employment  than  there  are 
positions  available. 

The  Research  Department  hopes  to  be  of  maximum 
value  to  the  members  of  the  Society  and  to  the  industry 
in  increasing  the  efficiency  of  the  research  facilities  that 
we  have  available.  Such  a  result  can  be  accomplished 
only  with  time  and  cooperative  effort.  We  trust  that  you 
as  members  of  the  Society  will  remember  that  the  re- 
search information  service  is  being  developed  for  your 
use,  that  its  success  depends  upon  both  giving  and  re- 
ceiving information  and  that  you  will  both  give  and  re- 
ceive vour  share. 


SULZER  MARINE  DIESEL  ENGINE 


RECENT  developments  have  shown  that  the  comparative- 
failures  of  the  early  two-cycle  marine  Diesel  engines, 
built  some  years  ago,  were  not  due  to  inherent  defects  in  the 
principles  involved,  but  were  the  results  of  unsatisfactory, 
yet  remediable,  features  of  design.  It  is  now  agreed  almost 
universally  that  the  valve  scavenging  engine  is  unsatisfac- 
tory for  marine  work,  and  it  is  significant  that  in  the  four 
leading  types  of  two-cycle  engine,  the  Sulzer,  Doxford, 
Camellaird-Fullagar  and  Polar,  port  scavenging  is  employed. 
By  this  means  the  formation  of  cracks  in  the  cylinder  cover* 
has  been  entirely  eliminated,  and  that  was  one  of  the  chief 
difficulties  encountered  in  two-cycle  marine  engines  before 
the  war. 

The  Sulzer  engine  was  one  of  the  first  in  which  port  scav- 
enging was  employed,  but  the  designers  rapidly  came  to  the 
conclusion  that  if  the  best  results  were  to  be  achieved  it  was 
not  desirable  that  free  scavenging  through  ports  uncovered 
by  the  piston  in  the  course  of  its  stroke  should  be  adopted. 
In  other  words,  although  valves  in  the  cylinder  cover  were 
to  be  avoided,  some  means  of  controlling  the  admission  of 
the  scavenging  air  through  the  ports  at  the  bottom  of  the 
cylinders  was  essential.  Naturally,  with  a  single-piston  en- 
gine, such  as  the  Sulzer,  it  is  much  more  difficult  to  obtain 
effective  scavenging  than  in  an  opposed-piston  type  like  the 
Doxford,  in  which  the  scavenging  air  may  sweep  right 
through  the  cylinder  from  the  bottom  to  the  top,  and  in 
which,  moreover,  the  exhaust  ports  may  be  uncovered  before 
the  scavenging  ports,  thus  allowing  the  pressure  in  the  cyl- 
inder to  drop  to  a  very  moderate  figure  before  the  scaveng- 
ing air  is  admitted. 

The  builder  of  the  Sulzer  engine  overcame  the  difficulty 
that  thus  presented  itself  by  the  adoption  of  two  rows  of 
scavenging  ports,  one  vertically  above  the  other  and  each 
occupying  about  half  the  periphery  of  the  cylinder.  The  top 
row  of  ports  reaches  well  above  the  top  of  the  exhaust  ports, 
and  both  sets  are  in  communication  with  the  main  horizontal 
scavenging  air  trunk,  which  runs  the  whole  length  of  the 
engine,  and  through  which  the  air  is  delivered  from  the 
scavenging  pump.  While,  however,  the  bottom  row  is  in 
unobstructed  communication  with  the  scavenging  trunk  and 
allows  air  to  enter  the  cylinders  as  the  ports  are  uncovered 
by  the  piston,  admission  of  air  through  the  top  row  of 
ports  is  controlled  by  a  rotary  valve  within  the  scavenging 


trunk.  These  rotary  valves,  there  is  one  for  each  cylinder, 
are  operated  from  a  common  shaft  deriving  its  motion  from 
a  vertical  shaft  at  the  after  end  of  the  engine  that  drives  the 
camshaft  at  the  top  of  the  engine.  The  pressure  of  scaveng- 
ing air  is  low,  under  2  lb.  per  sq.  in.,  so  that  there  is  no 
trouble  in  maintaining  the  tightness  of  the  valves,  which 
might  be  a  difficulty  were  the  pressures  employed  for  this 
purpose  materially  higher. 

The  result  achieved  by  this  arrangement  is  easily  under- 
stood. The  operation  of  the  valves  is  controlled  so  that  no 
scavenging  air  enters  through  the  upper  row  of  ports  until 
the  piston  has  nearly  reached  the  bottom  of  its  stroke.  In 
the  meantime  the  exhaust  ports  have  been  uncovered,  the 
pressure  in  the  cylinder  has  fallen  and  the  admission  of  scav- 
enging air  through  the  bottom  row  of  exhaust  ports  has 
commenced.  After  the  piston  has  covered  the  exhaust  port 
on  its  upward  compression-stroke  the  upper  set  of  scaveng- 
ing ports  remains  open,  and  as  scavenging  air  continues  to 
enter  the  cylinder  a  very  efficient  supply  is  insured.  The 
claim  that  this  system  conduces  to  low  fuel-consumption  ap- 
pears to  be  borne  out  by  official  tests,  for  as  low  a  figure 
as  0.418  lb.  per  b.  hp-hr.  is  attained  with  a  1250-b.  hp.  en- 
gine driving  its  own  auxiliary  pumps.  This  is  very  littls 
in  excess  of  the  consumption  with  normal  four-cycle  engine 
design.  It  is  worthy  of  note  in  this  connection  that  the 
Ansaldo  San  Giorgio  Co.  of  Turin,  which  is  building  two- 
cycle  marine  engines  with  port  scavenging,  prefers  to  con- 
trol the  admission  of  the  whole  of  the  scavenging  air  and  to 
have  only  one  series  of  ports  for  its  admission. 

The  Sulzer  engine  has  a  particular  interest  for  English 
engineers  and  shipowners,  since  its  construction  has  now 
been  actively  taken  up  by  four  prominent  marine  engineer- 
ing firms,  namely,  Armstrongs,  the  Wallsend  Slipway  &  En- 
gineering Co.,  Denny  Bros.,  and  Alexander  Stephen  &  Sons. 
Its  application  to  marine  work  is  therefore  likely  to  be  ex- 
tensive, and  it  is  noteworthy  in  view  of  the  discussion  that  is 
now  so  frequently  heard  concerning  the  possibility  of  a  short- 
age of  oil  fuel  that  the  builders  of  the  Sulzer  Diesel  engine 
claim  that  it  will  run  satisfactorily  on  fuel  oil  such  as  is 
burnt  under  boilers.  The  consumption  when  using  Mexican 
fuel  oil  is  0.447  lb.  per  b.  hp-hr.  against  0.418  lb.  with  gas  oil, 
the  thermodynamic  efficiencies  being  32  and  33  per  cent  re- 
spectively.— The  Engineer   (London). 
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Personnel  of  1922  Standards  Committee 


THK   designation  of   the  Standards   Committee   personnel 
for  this   year   has   been  completed,  the   Council   having 

taken  action  considerably  earlier  than  in  previi  The 

prompt  formation  of  the  1922  Divisions  will  enable  them  to 
begin  active  work  soon. 

The  Standards  Committee  for  1922  wil  ituted  of 

J7  Divisions.     It  is  believed  that  these  will  form  in  the  main  a 

pern  ..  OUp  seine  one  Or  mere  of   which  can  he  assigned 

practically  any  subject  that  the  Council  may  approve  tor 
consideration  in  connection  with  standardization.  Seme  of 
the  Divisions  will,  of  course,  be  more  active  than  ethers  at 
certain  tunes.  The  total  number  of  members  of  the  commit- 
tee will  be  about  "JO  per  cent  greater  than  thai  of  last  year. 
In  reorganizing  several  of  the  Divisions  an  effort  has  been 
made  to  provide  added  representation  of  the  "user"  class  of 

appointees  to  balance  more  nearly   the  "producer"  C 

STANDARDS  COMMITTEE 

\.  Johnston,  Chairman 
\\    G.  Wall.  Vice-Chairman 
i !.  M.  Manly,  Via  -( 'hairman 

AERONAUTIC   DIVISION 


11.   If.  Crane,  Chair  nun: 
G.  J.    Mead,   \'ice-('luiirman 

V.   E.   Clark 

\V.  L.  Gilmore 
L.  M.  Griffith 

(;.   K.  A.  Hallett 
J.  L.  Harkness 
J.  C.   Hunsaker 
B.  G.  Leighton 
L.  B.  Lent 

G.  C.  Loening 

Glenn   L.  Martin 
W.  H.  Phipps 

H.  C.  Richardson 
C.  I.  Stanton 
W.  T.  Thomas 

R.  II.  Upson 

P.   \V.   Wittemann 


Consulting  Engineer 
Wright  Aeronautical  Corpora- 
tion 

General  Motors  Research  Cor- 
poration 

Curtis  Engineering  Co. 

National    Advisory    Comr) 
for  Aeronautics 

Air  Service 

L.  W.  F.  Engineering  Co. 

Navy    Department 

Navy   Department 

Aerial    Transportation    Corpo- 
ration 

Loening     Aeronautical     Engi- 
neering Corporation 

Glenn  L.  Martin  Co. 

Ordnance  Engineering  Corpo- 
ration 

Naval  Aircraft  Factory 

Post  Office  Department 

Thomas- Morse    Aircraft    Cor- 
poration 

Gardner-Moffat  Co. 

Wittemann-Lewis  Aircraft 
Co.,  Inc. 


AGRICULTURAL    POWER    EQUIPMENT    DIVISION 


John  Mainland,  Chairman 

C.  B.  Rose,  Vice-Chair  man 

D.  L.  Arnold 

J.   B.   Bartholomew 
J.   H.   Davis 

A.  H.  Gilbert 
R.   O.   Hendrickson 
M.  B.  Morgan 
A.  W.  Scarratt 

O.  W.  Sjogren 
William  Turnbull 
L.  W.  Witry 
G.   A.   Young 


Advance-Rumely   Co. 

Moline    Engine    Co. 

International   Harvester  Co. 

Avery  Co. 

General  Motors  Research  Cor- 
poration 

Rock  Island  Plow  Co. 

J.  I.  Case  Plow  Works 

Cleveland  Tractor  Co. 

Minneapolis  Steel  &  Machin- 
ery Co. 

University  of  Nebraska 

Holt  Mfg.  Co. 

Waterloo  Gas  Engine  Co. 

Purdue  University 


AXLK    AND    WHEEL    DIVISION 

G.  W.  Dunham,  Chairman        Savage   Arms    Corporation 
C.  C.  Carlton,    Vice-Chairman  Motor  Wheel  Corporation 


R.  s.   i;.  . 

T.  V.  Buckwalter 

\.  C.  Burch 

R.  J.    Burrows 

i..  vs.  Cli 
.1.  i  oapman 
C. 

1  lenneen 
I  \\  .  Gurney 
K.  P.  Ball,  Jr. 
G.  W.  Harper 

I .  I     Lavei  y 
A.  M.  Laycock 

II.  V*.  Ludwick 
C.  T.  Myers 

A.   I..   Putnam 
H.  Vanderbeek 


Jordan  Motor  Car  Co. 
ken  Roller  Bearing  Co. 
-dale  Motor  Truck  Co. 
i  k   Equipment  Co. 
iring  Co. 
Ru    .]   Motor  Axle  Co. 
Eaton  Axli 
Grant    Motor  Car  Co. 

i      ring  Co. 
bury  Axle  Co. 

Columbia    Axle    Co. 

Wesl  Steel  Casting  Co. 
Sheldon  Axle  &  Spring 
Budd  Win.  ration 

<  Consulting  Engin< 
Detroit  Pressed  Steel  Co. 
Timken-Detroit   Axle  Co. 


BALL   ami   ROLLER  BEARINGS  DIVISION 


I'.   W.  Gurney,  Chairman 

C.   M.  Manly,    Vice-Chairman 

G.  R.  Bott 

H.  E.  Brunner 

T.  V.  Buckwalter 

E.  R.  Carter,  Jr. 
I).  P.  Chambers 
L.  W.  Close 

1.    A.  C'ummings 

G.  W.  Dunham 
It.  G.   Hendricks 

F.  G.  Hughes 

G.  L.   Miller 
A.  J.  Scaife 

R.  G.  Schaffner 
W.   R.  Strickland 
R.   E.  Wells 


Gurney   Ball   Bearing  Co. 

Manly  &   Veal 

Norma  Co.  of  America 

S.  K.  F.  Industries,  Inc. 

Timken  Roller  Bearing  Co. 

Fafnir  Bearing  Co. 

Bearings  Co.  of  America 

Bock  Bearing  Co. 

Standard     Steel     &    Bearings, 

Inc. 
Savage    Arms   Corporation 
King   Motor   Car  Co. 
New    Departure   Mfg.   Co. 
Gilliam   Mfg.  Co. 
White   Motor  Co. 
Bower  Roller  Bearing  Co. 
Consulting  Engineer 
Hyatt  Roller  Bearing  Co. 


Roller  Bearings  Subdivision 


C.  M.  Manly,  Chairman 

G.   R.  Bott 

I..   W.  Close 

G.  W.  Dunham 

C.  T.  Hagenlocher 

L.  R.  Heim 

R.  G.  Hendricks 

G.  L.  Miller 

H.  J.  Porter 

R.  (;.  Schaffner 

<      VY.  Spicer 


Manly  &  Veal 
Norma  Co.  of  America 
Bock  Bearing  Co. 
.Savage  Arms  Corporation 
Wright  Roller  Bearing  Co. 
Ball  &  Roller  Bearing  Co. 
King  Motor  Car  Co. 
Gilliam  Mfg.  Co. 
Timken  Roller  Bearing  Co. 
Bower  Roller  Bearing  Co. 
Spier  Mfg.  Corporation 


i  IIA1N   DIVISION 

W.  F.  Cole,  Chairman  Baldwin  Chain  &  Mfg.  Co. 

H.  S.  Pierce,    Vice-Chairman  Link-Belt  Co. 

D.  B.  Baker  International   Harvester  Co. 
W.  J.' Belcher  Whitney  Mfg.  Co. 

E.  S.  Corcoran  Kelly-Springfield  Motor  Truck 

Co. 
H.  F.  L.  Funke  H.  F.  L.  Funke  Co.,  Inc. 

M.  C.  Horine  International   Motor  Co. 

J.  C.  Howe  American    High    Speed    Chain 

Co. 
I..   M.  Wainwright  Diamond  Chain  &  Mfg.  Co. 

ELECTRIC   VEHICLE  DIVISION 

E.  L.  Clark,  Chairman  Commercial  Truck  Co. 

Karl  Probst,  Vice-Chairman     Milburn  Wagon  Co. 

G.  L.  Bixby  Detroit  Electric  Car  Co. 
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J.  G.  Carrol 
H.  M.  Pierce 
F.  E.  Queeney 


Walker    Vehicle    Co. 
Ward  Motor  Vehicle  Co. 
Lansden  Co.,  Incr 


ELECTRICAL    EQUIPMENT    DIVISION 


F.  W.  Andrew.  Chairman 

T.  L.  Lee,   Vice-Chairman 
Azel  Ames 

G.  S.  Cawthorne 
W.  A.  Chryst 

S.  F.  Evelyn 

C.  F.  Gilchrist 
W.  S.  Haggott 
C.  H.  Kindl 

F.  C.  Kroeger 
B.  M.  Leece 
A.  D.  T.  Libby 
Charles  Marcus 
Ernest  Wooler 


Eisemann  Magneto  Corpora- 
tion 

North  East  Electric  Co. 

Kerite  Insulated  Wire  &  Cable 
Co. 

Master  Trucks,  Inc. 

Dayton  Engineering  Labora- 
tories Co. 

Continental  Motors  Corpora- 
tion 

Electric  Auto-Lite  Corporation 

Packard  Electric  Co. 

Westinghouse  Electric  &  Mfg. 
Co. 

Remy  Electric  Co. 

Leece-Neville  Co. 

Splitdorf  Electrical  Co. 

Bijur  Motor  Appliance  Co. 

Cleveland   Automobile   Co. 


ENGINE    DIVISION 

J.  B.   Fisher,  Chairman  Waukesha  Motor  Co. 

R.  J.  Broege,  Vice-Chairman  Buda  Co. 

P.  J.  Dasey  Midwest  Engine  Co. 

S.  F.  Evelyn  Continental    Motors    Corpora- 
tion 

J.  A.  Kraus  Garford  Motor  Truck  Co. 

H.  B.  Massey  Holmes  Automobile  Co. 

A.  F.  Milbrath  Wisconsin  Motor  Mfg.  Co. 

Louis  Schwitzer  Automotive  Parts  Co. 

M.  J.  Steele  Packard  Motor  Car  Co. 

FRAMES   DIVISION 

E.  V.  Rippingille,  Chairman  Watson  Stabilator  Co. 

L.  J.  Fralick,  \' ice-Chairman  Hydraulic  Pressed  Steel  Co. 

C.  C.  Bowman  Standard  Motor  Truck  Co. 

0.  B.  Harmon  Parish  &  Bingham  Co. 

E.  L.  Larson  Locomobile  Co. 

W.  A.  McKinley  Detroit  Pressed  Steel  Co. 

IRON    AND    STEEL   DIVISION 


F.  P.  Gilligan,  Chairman 

W.  C.  Peterson,    Vice-Chah 

man 
R.  M.  Bird 
H.  T.  Chandler 

A.  L.  Colby 

L.  A.  Danse 
C.  N.  Dawe 

B.  H.  DeLong 
A.  P.  Eves 

E.  L.  French 
H.  L.  Greene 

C.  G.  Heilman 

E.  J.  Janitzky 
J.  B.  Johnson 

F.  C.  Langenberg 
A.  H.  Miller 

C.  S.  Moody 

J.  H.  Nelson 

G.  L.  Norris 

M.  P.  Rumnev 
C.  F.  W.  Rys 
R.  B.  Schenck 


Henry  Souther  Engineering 
Corporation 

Atlas  Crucible  Steel  Co. 
Bethlehem  Steel  Co. 
C.  H.  Wills  &  Co. 
American  Society  for  Testing 

Materials 
Cadillac  Motor  Car  Co. 
Studebaker    Corporation    of 

America 
Carpenter  Steel  Co. 
International   Harvester  Co. 
Crucible  Steel  Co.  of  Anierica 
Willys-Overland  Co. 
General  Motors  Corporation 
Illinois  Steel  Co. 
Air  Sei-vice 
Ordnance  Department 
Mid  vale  Steel  &  Ordnance  Co. 
Minneapolis  Steel  &  Machinery 

Co. 
Wyman-Gordon  Co. 
Vanadium    Corporation    of 

America 
Detroit  Steel  Products  Co. 
I  Jarnegie  Steel  Co. 
Buick  Motor  Co. 


M.  H.  Schmid 
H.  J.  Stagg 
.1.  M.  Watson 
J.  H.  G.  Williams 


United  Alloy  Steel  Corporation 
Halcomb  Steel  Co. 
Hupp   Motor  Car  Corporation 
Billings  &  Spencer 


ISOLATED    ELECTRIC    LIGHTING    PLANT    DIVISION 


E.  B.  Newell,  Chairman 

F.  C.  Barton 
L.  F.  Burger 

G.  M.  Gardner 
Bryan  T.  Hawley 
L.  S.  Keilholtz 
C.  H.  Parker 

C.  E.  Reddig 
F.  L.  Tubbs 
Samuel  Wilbur 


Westinghouse  Electric  &  Mfg. 

Co. 
General  Electric  Co. 
International   Harvester  Co. 
Globe  Electric  Co. 
Holt  Power  Light  Co. 
Delco-Light  Co. 
Lalley  Light  Corporation 
Western  Electric  Co. 
Alamo  Farm  Light  Co. 
Sunbeam  Electric  Mfg.  Co. 


LIGHTING  DIVISION 


W.  A.  McKay,  Chairman 

C.  A.  Michel,  Vice-Chairman 

J.  T.  Caldwell 

C.  E.  Godley 

C.  A.  B.  Halvorson,  Jr. 

L.  C.  Porter 

E.  S.  Preston 

C.  D.  Ryder 

C.  H.  Sharp 

J.  C.  Stearns 

T.  I.  Walker 

W.  W.  Wood 


Ernest  Wooler 


Westinghouse  Lamp  Co. 
Guide  Motor  Lamp  Mfg.  Co. 
General  Electric  Co. 
Edmunds  &  Jones  Corporation 
General  Electric  Co. 
Edison  Lamp  Works 
Chicago  Electric  Mfg.  Co. 
Corcoran-Victor  Co. 
Electrical  Testing  Laboratories 
Culver-Stearns  Mfg.  Co. 
General  Electric  Co. 
Miniature  Incandescent  Lamp 

Corporation 
Cleveland  Automobile  Co. 


LUBRICANTS    DIVISION 


H.  C.  Mougey,   Chairman  General  Motors  Research  Cor- 

poration 

W.  E.  Jominy,  Vice-Chairman   Studebaker  Corporation  of 

America 

Sydney  Bevin  Tidewater  Oil   Sales  Co. 

P.  J.  Dasey  Midwest  Engine  Co. 

A.  P.  Eves  International  Harvester  Co. 

W.  H.  Herschel  Bureau  of  Standards 

W.  E.  Perdew  Union  Petroleum  Co. 

H.  G.  Smith  Atlantic  Refining  Co. 

J.  W.  Stack  Standard  Oil  Co. 

MOTORBOAT  DIVISION 


Joseph  VanBlerck,  Chairman 
H.  H.  Brautigam,  Vice-Chair- 
man 
Irwin   Chase 
G.  F.  Crouch 

G.  C.  Davison 

W.  J.  Deed 
Kirk  Dyer 
Q.  B.  Newmann 
Leonard  Ochtman 
F.  B.  Sexton 


\Veliman-Seavei--Morgan  Co. 
Bridgeport  Motor  Co. 

Elco  Works 

Webbs'     Academy     and    Home 

for  Shipbuilders 
New   London    Ship    &    Engine 

Co. 
Motorship 
Frisbie  Motors  Co. 
Coast  Guard  Service 
Wellman-Seaver-Morgan  Co. 
Sexton  Motor  Co. 


MOTORCYCLE   DIVISION 

C.  B.  Franklin,  Chairman  Hendee  Mfg.  Co. 

F.  W.  Schwinn,  Vice-Chair-  Excelsior  Motor  Mfg.  &  Sup- 
mo  n  ply  Co. 

W.  S.  Harley  Harley-Davidson  Motor  Co. 

A.  W.  Herrington  Quartermaster  Corps 

NOMENCLATURE  DIVISION 

Wright  Aeronautical  Corpora- 
tion 

Consulting  Engineer 
International  Harvester  Co. 


H.  L.  Pope,  Chairman 

W.  P.  Kennedy,  Vice-Ch air- 
man 
W.  F.  Borgerd 
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W.  .).  Brandon 

i  ton 

H.  R.  Cobleigh 

Lieh 

A.  B.  Cumner 

M.  Million 
U  ,    I  .   rhomaa 

William  Tut 
ent 


Avery  Co. 
Hendee  Mi 
National  Automobili    Chamber 

1. 1'  i  iiiiin 

.  ■'  Home  for 
Shipbuild 
Auto 

Hercu  ngine  Co. 

Thorn; 
pora 

Unit   Mfg.  Co. 

Manufactui 
ciation 


.    I  I  KKiH  S    METAL    DIVISION 


Charles  Pack,  ( 'kaii 

\\     1:    Pi  man 

\\    11    Ba 
A    (.    Carman 

D.  I.    Colwell 
(i.  K.  Elliott 

J.  R.  Freeman.  Jr. 

E.  S.  Fi 
A.  J.  Hall 
Zay  Jeffries 

il.  C.   M'Higey 

.   Ranhauser 
J.  F.  Thompson 
w    i:    W 


Doehler  Dii 

ill  Mfg.  I 
American  Bi 
Franklin  Die-Castii 

tion 
Stewart  Mfg.  Co. 
Lunkenheimer  I 
Bureau  ol    Standards 
Light   Mfg.  &  Found]  \ 

lion 
Aluminum  Manufactures,  Inc, 
General  Mo  h  Cor- 

poration 
Denby  Motor  Truck  Co. 
[nternational  N 
Bridgeport  Bra      I 


PARTS    AMI    FITTINGS    DIVISION 

F.  G.  Whittington,  Cha  Stewart-Warner  Speedometer 

Co. 
Eaton  Axle  Co. 
Dodge  Bins. 

Cincinnati  Ball  Crank  Co. 
Steel  Products  Co. 
C.  G.  Spring  Co. 
Peerless  Motor  <  Jar  Co. 
Spicer  Mfg.  Corporation 
General  Motors  Corporation 


\Y.  i  .  K.  -.  -.  Via  '  'hai 
Clarence  Carson 

E.  R.  Douglas 
II.  B.  Garman 
11.  S.  Jandus 

F.  W.  Slack 
C    w    Spicer 
Alex.  Taub 


PASSENGER  CAR  DIVISION 


R.  S.  Begg,  Chairman 
L.  A.  Chaminade,  \ 
man 


\. 

M.   Dean 

A. 

W    Frehse 

M 

aurice  Olley 

I.. 

M.  Sn-llmann 

J. 

H.  Turtle 

G. 

PASS1 
E.  Goddard,  Cha 

A. 

J.  Neerken.  Vice- 

E. 

G.  Budd 

.1. 

S.  Burdick 

I  . 

C.   Chapman 

0. 

H.  Clark 

A 

E.  Garrels 

E. 

W    Goodwin 

G. 

\v.  Kerr 

G. 

J.   Mercer 

B 

c.  Nelson 

Jordan  Mi  Co. 

Studebaker  Corporation  of 

America 
Templar  Motors  Corporation 
Stand.-.rd  Steel  Car  Co. 
Rolls-Royce  of  America,  Inc. 
H.   II.   Franklin  Mfg 
W(      i  ott    Mot  r  Tar   Co. 


PASSENGER-CAR    BODY    DIVISION 


1  lodge  Bros. 
man  Hupp  Mol  i  orporation 

E.  G.  Bu.ld  Mfg.  I 
Buffalo  Body  Corporation 
Brewster  i   <  !o. 
Willys  ( Corporation 
Studebakei    <  Corporation  of 

America 
Consulting  Engini 
Rolls-Royce  of  America,  [nc. 
Consulting  Engineer 
Mullins  Body  '  Corporal 

RADIATOR    DIVISION 


D,   I.    Britton 
II    A.  Higgins 

II    I :    K  r 
Char 

Perkins 
G.  II.   Pettit 

K.   F.    Walker 
.1.  A      .'. 
i    1 1    Zummach 


remp  dion 

I 
Packard  Motor  Car  Co. 
G  &  0.  Mfg.  Co. 
Modine  Mfg.  Co. 
Vtterbury  Motor  Car  Co. 

i-vdd.  i    afg.  Co. 

Harrison  Radiator  Co. 
Zummach  Engineering  Service 


Si  m-w    i  ma  U)S  division 


E.  11.  Ehrmann,  Chaim 
0.  B.  Zimmerman,  I 

Earle  Buckingham 
E.  Burdsall 

Luther    Burlingame 
(!.  S.  Case 
\\.  i:     A 
:.  Taub 


Chicago  Screw  Co. 

International   Harvester  Co. 
N'iles  Bement  Ton. I  Co. 

II,  Burdsall  &  Ward  Bolt 
&  Nut  Co. 
Brown  &  Sharpe  Mfg.  Co. 
Lamson  £  Sessions  Co. 
Mai  ional  Acme  Mfg.  Co. 
General  Motors  Corporation 


SPRINGS   DIVISION 


s    I'    lies.-,  i  hainnan 
11    R.  McMahon,  Vibe-Chair- 
man 

K.   S 

E.  S.   Corcoran 

II    E.  Figgie 
\V.  M.  Newkirk 

Gustof  Peterson 
K.  V.  Rippingille 

F.  A.  Whitten 


Products  Co. 

lard   Steel   Spring  Co. 

Jordan  Motor  Car  Co. 

i  ngfield  Motor  Truck 

Co. 
Perfection  Spring  Co. 
William    it    Harvey    Rowland, 

Inc. 
Electric  Alloy  Steel  Co. 
Watson  Stabilator  Co. 
General  Motors  Truck  Co. 


STATIONARY    ENGINE    DIVISION 

T.   C.   Menges,  Chairman  Associated    Manufactui 

L.  F.  Burger,  Vice-Chairman    International  Harvester  Co. 

H.  N.  F.I  John  Lauson  Mfg.  Co. 

II.  (I.   Holmes  Novo  Engine  Co. 

V.   E.   Mc.Mullen  Hercules  Gas  Engine  Co. 

I.  J.  Nelson  Nelson  Bros. 

0.    A.   Powell  Cushman  Motor  Works 

I..  W.  Witry  Waterloo  Gasoline  Engine  Co. 

STORAGE   BATTERY.    DIVISION 


W.   E.  Holland.  ( 'hi 

I.  M.  Noble,  C'V.  -i  'hairman 

(I.  L.  Bixby 

It    N.  Chamberlain 

E.  L.  Clark 

Bruce  Ford 

C.  T.  King 

R.  C.  Mitchell 

W.  G.  Wall 


Philadelphia    Storage    Batterv 

Co. 
Consulting   Engineer 
Detroit    Electric   Car    Co 
Gould  Storage  Battery  Co. 

ial  Truck  Co. 
Electric  Storage  Battery  Co. 
Willard  Storage  Battery  Co. 
Edison   Storage  Battery  Co. 
mal  Motor  Car  &  Vehicle 

Co. 


TRANSMISSION   division 


J.  D.  Han 

C.  S.  Sage,  j  man 


McCord  Mfg.  Co.,  Inc. 
Radiator  Co.,  Inc. 


A.  C.   I!i  \  an,  ( 'hairman 

L.  C.  Fuller.  Vice-Chairman 

A.  W.  Copland 

A.  M.  Dean 

J,  B.   Foote 

1 1     E.   Gamble 
A    A.  Gloetzner 

i '.   0.   Guernsey 
Joseph   Jandesek 
W.  C.  Lipe 


Durston   Gear   Corporation 
Fuller  &  Sons  Mfg.  Co. 
Detroit  Gear  &  Machine  Co. 
Templar  Motors  Corporation 
Foote    Bros.   Gear  &    Machine 

Co. 
Borg  &  Beck  Co. 
Covert  Gear  Co.,  Inc. 
Service  Motor  Truck  Co. 
Republic  Motor  Truck  Co. 
Bi  own-Lipe  Gear  Co. 
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C.  E.  Swenson 
S.  0.  White 


Mechanics  Machine  Co. 
Warner  Gear  Co. 


TRUCK    DIVISION 


F.  A.  Whitten,  Chairman 
A.  J.  Scaife,  Vice-Chairman 
A.  K.  Brumbaugh 

G.  S.  Cawthorne 


General  Motors  Truck  Co. 
White  Motor  Co. 
Autocar  Co. 
Master  Trucks,  Inc. 


J.  R.  Coleman 
F.  W.  Davis 
H.  E.  Derr 
C.  0.  Guernsey 
A.  W.  Herrington 
M.  C.  Horine 
H.  B.  Knap 
C.  B.  Veal 


Selden  Truck  Corporation 
Pierce-Arrow  Motor  Car  Co. 
International  Harvester  Co. 
Service  Motor  Truck  Co. 
Quartermaster  Corps 
International  Motor  Co. 
Packard  Motor  Car  Co. 
Manly  &  Veal 


LAW  OF  SUPPLY  AND  DEMAND 


AS  the  years  go  by  and  a  better  understanding  is  had  of 
the  actual  workings  of  economic  forces,  more  and  more 
industries  are  realizing  the  necessity  of  studying  the  relation 
of  supply  to  demand  for  their  own  products.  Consequently 
they  organize  statistical  bureaus  to  gather  this  information 
as  to  past  years  so  that  the  experience  of  the  past  will  be  as 
much  a  gage  as  possible  for  the  future  and  also  for  the  pres- 
ent demand  so  as  to  know  the  flow  and  the  relative  levels  in 
the  various  tanks.  It  is  true  that  some  of  these  organizations 
still  seem  to  have  the  fallacious  idea  that  somehow  they  can, 
by  concerted  action,  regulate  the  flow.  Society  is  benefited 
by  close  regulation  of  supply  to  demand,  by  not  having  plants 
built  that  are  actually  unnecessary  and  by  using  the  cap- 
ital that  would  be  thus  wasted  in  providing  facilities  for 
producing  other  goods.  But  no  organization  can  deliberately 
regulate  that  flow  any  more  than  any  socialist  bureaucrat 
sitting  in  a  Government  office  can  do  it. 

Society  must  have  a  free  market,  one  in  which  every  buyer 
has  access  to  every  seller,  and  vice  versa.  The  freer  the 
market  is,  the  better  will  competition  take  care  of  regulation. 
Perfectly  free  competition  involves  intelligent  competition. 
If  every  company  were  fully  informed  as  to  costs  of  produc- 
tion in  its  own  line,  and  if  every  buyer  were  equally  well 
informed,  then  prices  would  be  proper  for  both  sellers  and 
buyers.  The  buyer  would  expect  to  pay  enough  for  his  goods 
to  cover  their  costs  and  the  seller's  fair  profit;  and  the  seller 
would  not  expect  to  get  more  profit  than  the  buyer  ought  to 
pay  him  to  produce  the  goods  under  given  circumstances.  As 
it  is  now,  the  difficulty  lies  in  not  enough  information  being 
available  to  either  consumers  or  sellers  to  enable  them  to 
gage  the  market  and  to  adjust  their  respective  bid  and  asked 
prices  to  actual  conditions. 


Some  firms  set  their  prices  in  flush  times  on  a  basis  of 
low  costs  at  maximum  capacity  of  their  plants,  and  a  small 
unit  profit  at  that  rate  of  production.  The  fact  is  that  due 
to  the  waves,  long-time  costs  actually  rest  on  a  basis  of  con- 
siderably less  production  year  in  and  year  out.  When  that 
kind  of  a  seller  goes  out  in  the  market  he  commits  either 
business  murder  or  business  suicide  by  quoting  prices  that 
are  lower  than  the  economic  level  demands.  If  a  price  is  not 
realized  at  such  times  that  will  provide  a  reserve  to  meet  the 
next  depression  the  company  has  to  dip  into  its  original  cap- 
ital to  tide  it  over  the  gap  in  demand. 

There  is  nothing  in  the  law  that  does  or  should  prevent 
intelligent  competition.  There  is  nothing  to  prevent  a  man 
from  having  full  information  as  to  the  market  that  he  is 
attempting  to  reach.  Such  information  is  manifestly  for  the 
benefit  of  society  as  a  whole,  and  both  buyers  and  sellers 
should  have  free  access  to  it.  The  law  does  say,  and  prop- 
erly, that  there  should  be  no  artificial  restraint  of  the  market. 
Even  if  there  were  no  law  to  condemn  artificial  restrictions 
and  interferences  with  competition,  such  practices  are  un- 
wise and  uneconomic,  and  such  restrictions  always  carry 
within  themselves  the  seeds  of  their  own  dissolution.  Those 
who  try  such  restraints  endeavor  to  work  against  economic 
law,  as  well  as  against  statute  law.  This  cannot  be  suc- 
cessful economics  because  it  is  unsound  economics,  and 
should  be  abandoned  for  that  reason  if  for  no  other.  Cut- 
throat competition  is  just  as  uneconomic,  and  brings  its  own 
penalty  by  compelling  the  competitor  to  retaliate  to  preserve 
his  own  existence,  and  the  cut-throat  loses  more  than  he  can 
possibly  gain.  Here  again,  what  is  perfectly  good  economics 
is  strictly  in  accord  with  the  Golden  Rule. — E.  F.  Dubrul  in 
American  Machinist. 


INDUSTRIAL  CONDITIONS  IN  EUROPE 


NDUSTRIAL  affairs  in  England  are  somewhat  compli- 
cated by  their  socialistic  experiments,  most  of  which  have 
failed  to  accomplish  what  was  expected  of  them.  For  ex- 
ample, the  attempt  to  solve  the  problem  of  unemployment  by- 
payments  based  on  idleness  rather  than  on  work  is  an  eco- 
nomic failure.  Not  only  in  England  and  France  but  in  Russia 
people  are  beginning  to  realize  that  the  millennium  is  not  to 
be  brought  about  through  governmental  agencies,  but  rather 
through  the  orderly  operation  of  economic  laws.  England, 
the  greatest  trading  nation  in  the  world,  knows  what  com- 
petition is,  knows  that  her  future  depends  upon  foreign  trade 
and  is  preparing  to  meet  it  in  her  own  shops  and  with  her 
own  ships. 

France  is  fundamentally  an  agricultural  country,  a  coun- 
try of  well-to-do  peasants,  and  as  such  is  more  prosperous 
than  we  have  been  led  to  believe.  Of  course  the  manufac- 
turing industry  is  at  a  low  ebb  but  unemployment  is  not 
marked,  and  I  was  told  that  the  men  out  of  work  in  industry 
were  back  on  the  farms  where  they  work  for  food  and  lodg- 
ing so  that  foodstuffs  are  produced  more  cheaply  and  pros- 
perity gets  its  fundamental   start.     The   French  know   how 


to  live  cheaply  and  when  times  are  good  they  save  money. 

In  Germany  it  appeared  to  me  that  conditions  were  better 
than  in  any  other  country  I  visited.  Not  only  are  they  not 
looking  for  any  outside  help  such  as  the  allied  countries 
may  expect  from  reparations,  but  they  do  not  seem  to  be 
worrying  about  the  reparations,  and  it  appeared  to  me  that 
they  do  not  seem  to  believe  they  will  ever  be  forced  to  pay 
or  if  at  all  not  in  any  way  that  would  inconvenience  them  to 
any  great  extent.  Germany,  of  course,  is  a  great  manufac- 
turing and  industrial  country  and  while  France  and  England 
are  industrially  flat  German  industry  is  comparatively  pros- 
perous. With  the  mark  at  so  low  an  exchange  value  they  can 
undersell  any  other  country,  and  realizing  in  a  sense  that 
they  were  defeated  temporarily  in  their  ambitions,  their 
workmen  are  willing  to  take  what  they  can  get.  Their  fac- 
tories are  uninjured  and  in  a  high  state  of  efficiency. 

It  seems  to  me  that  the  European  people  learned  from  the 
war  a  lesson  of  real  sacrifice  and  with  the  dangers  that  con- 
front them  recognize  that  they  must  continue  to  sacrifice  to 
work  back  to  more  normal  conditions. — A.  C.  Higgins  in 
American  Machinist. 
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Body  Seating-Dimensions 


By  George  E.  Goddard' 


Annum    Mm  hng    Papi  r 


Illustrated  with   Drawing 


Till'    dimensions   of   automobile-bod] 
consideration  with  regard  to  the  features  that  are 
lucive  to  comfort,     A   diagram   is  presented   upon 
which  the  dimensions  treated  are  indicated,  and  a  tabu- 

lation  of  seat  dimensions  of  12  representative  cars  i-^ 
included. 

Comments  are  made  upon  the  factors  infiuencini 
dimensions,  as  well  as  recommendal  ding  the 

different   desirable  dimensions.     The  consideration 
inclusive  of  cushion  height,  depth  am  leg-room 

and  head-room,  upholstery  shape  and  softness  of  trim 
ming,    foot-rest    and    other    control-element    local 
ors  influencing  entrance  and  egress  provisi  ins, 
widths    and    advisable     front     and    rear-compartment 
heights. 

The    author    recommends    the    standardization    of    a 
range  of  locations  for  the  different  control  i 


T 


jHE  subject  of  body  seating-dimensions  is  liable  to 
variations  of  opinion  and,  undoubtedly,  this  is 
legitimate.  Naturally,  we  do  not  all  agree  upon 
what  constitutes  the  most  comfortable  chair;  it  we  did, 
we  might  all  be  buying  the  same  chair.  Therefore,  body 
bag-dimensions  are  not  a  subject  for  standardization; 
they  can,  however,  be  given  very  serious  consideration 
and  the  intention  of  this  paper  is  to  elucidate  certain  nec- 
■ry  features  conducive  to  comfort. 

Cushion  Height,  Depth  and  Slope 

The  mode  of  women's  dress  is  of  prime  importance. 
It  is  very  fortunate  for  the  body  designer  that  women 
are  wearing  shorter  skirts  at  present,  and  that  they 
girdle  themselves  with  a  support  of  minimum  propor- 
tions, particularly  as  to  vertical  dimensions.  Seat-cush- 
ion heights  are  now,  or  can  be  made,  as  low  as  is  neces- 
sary to  secure  the  assumption  of  a  comfortable  sitting 
position,  or  to  arise  from  that  to  a  standing  position;  in 
other  words,  it  is  necessary  that  the  passenger  be  able 
to  sit  down  and  to  arise  easily  and  naturally. 

I  will  call  the  space  in  front  of  the  seat  "leg-room." 
Naturally,  this  space  must  be  increased  to  conform  to 
the  lowered  sitting  position.  It  is  here  that  one  of  the 
greatest  variations  in  seating  dimensions  occurs.  When 
this  leg-room  is  restricted,  the  final  position  must  be 
made  comfortable  by  incorporating  the  proper  slope  in 
the  cushion  and  the  corresponding  slant  in  the  seat-back. 
It  has  been  stated  that  the  semi-reclining  position  at- 
tained in  the  deck  chair,  so  common  on  ocean  liners,  is 
the  ideal.  This  may  be  entirely  correct,  but  I  doubt  if 
it  can  be  duplicated  in  conservative  motor-body  design. 
However,  it  can  and  should  be  approached  in  the  passen- 
ger car,  because  it  contributes  to  the  attainment  of  a 
horizontal  line  of  vision  that  is  more  nearly  equal  in  ele- 
vation to  that  of  an  individual  who  has  assumed  a  stand- 
ing position.  The  more  nearly  the  eye-line  height  of  the 
passengers  is  brought  to  that  of  a  person  who  is  walk- 
ing, the  more  they  will  be  at  ease,  if  for  no  other  reason 
than  that  man's  work  is  carried  out  mainly  from  this 
viewpoint. 


M  s.A.E. — Assistant  chief  engineer.  Dodge  Bros.,  Detroit. 


The  depth  of  the  cushion,  from  front  to  back,  is  af- 
fected by  both  the  height  and  the  leg-room.  If  the  lat- 
ter is  not  restricted,  the  slope  can  be  made  slight  and  the 
depth  greater.  If  it  becomes  necessary  to  draw  the  legs 
back,  the  knees  are  raised  and  the  body  must  be  sup- 
ported by  the  cushion  at  a  greater  slope.  In  coming  back, 
the  calves  of  the  legs  would  interfere  with  the  front  of 
the  cushion  and  it  must  be  made  more  shallow.  The  seat- 
back  must  be  slanted  more,  the  bark  springs  slightly  stif- 
fened and  the  "foot-rest  position"  located  within  com- 
fortable reach.  These  seem  to  be  the  elements  to  be 
given  major  consideration.  I  recommend  12  in.  at  the 
front  of  the  cushion  as  a  good  compromise  position,  with 
a  minimum  depth  of  17  in.  on  a  2-in.  slope  and  a  mini- 
mum back-height  of  17  in.:  also,  tor  the  rear  seat,  a  14- 
in.  height  at  the  front  of  the  cushion,  with  a  minimum 
depth  of  19  in.  on  a  2-in.  slope  and  a  minimum  back- 
height  of  19  in.  These  dimensions  are,  of  course,  de- 
pendent upon  the  pedal  position  from  the  front  edge  to 
the  cushion  of  19  in.  and  a  foot-rail  position  of  18  in., 
measured  correspondingly,  and  reference  is  made  to  Fig. 
1  and  to  the  last  line  of  figures  in  the  tabulation.  It  has 
been  found  preferable  to  have  rear-seat  passengers  ride 
slightly  higher  than  those  in  the  front  seat,  to  secure 
clearer  forward  vision.  The  2  in.  recommended,  when 
combined  with  the  slope  of  the  chassis,  which  should  be 
from  1  to  2  in.  with  a  full  complement  of  passengers,  is 
sufficient  under  average  conditions. 

Upholstery  Shape 

To  deviate  for  the  moment  from  the  actual  dimensions 
of  seats,  the  correct  shaping  of  the  seat,  the  upholstery 
contour,  is  of  far  greater  importance  than  either  its  pro- 
portions or  softness.  The  dimensions  may  be  such  as  to 
provide  a  well-proportioned  seat,  and  yet  it  may  be  a  very 
uncomfortable  seat  for  even  a  short  ride.  The  angular 
relation  of  the  cushion  and  the  back  upholstery  must  be 
right.  This  relation  will  vary  somewhat  with  the  height 
of  the  cushion  and  the  foot-rest  position,  but  the  angle 
will  average  about  95  deg.  The  cushion  should  have  an 
approximately  flat  slope,  but  the  back  upholstery  shape 
must  have  a  properly  curved  contour.  This  contour  nat- 
urally does  not  vary  to  a  great  extent  as  to  characteristic 
shape  regardless  of  the  height,  depth  or  slope  of  the 
cushion,  or  the  height  of  the  back  upholstery  itself.  It  is 
obvious  that  the  occupant's  back  must  be  supported,  but 
proper  support  is  lacking  in  a  great  many  seat-backs. 
If,  when  seated,  one's  back  can  "cave  out,"  there  are  very 
few  who  can  ride  10  blocks  in  comfort;  but,  if  one's  back 
is  properly  supported  against  curvature,  one  could  drive 
or  ride  for  a  four-day  1000-mile  trip  and  feel  sufficiently 
fit  at  the  finish  to  turn  around  and  do  it  again.  Strange 
to  say,  the  average  trimmer  fails  to  produce  this  desir- 
able shape  without  considerable  coercion,  and  particu- 
larly a  properly  graduated  resistance  to  prevent  curva- 
ture. The  back  upholstery  must  be  shaped  so  as  to  have 
a  prominence  of  the  proper  resistance,  and  be  at  the 
proper  height  from  the  cushion  to  fit  the  small  of  one's 
back.    It  must,  nevertheless,  taper  off  toward  the  top  to 
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provide  ample  shoulder-freedom.  This  is  particularly 
important  for  the  person  at  the  wheel.  The  resistance 
at  this  point  can  be  fairly  stiff  and  yet  be  comfortable. 
In  fact  that  supposed  1000-mile  ride  depends  upon  mak- 
ing it  stiff.  There  should  be  very  little  movement  of 
one's  back  at  this  point;  the  movement  should  occur  at 
the  hips.  The  driver  needs  this  resisting  prominence  in 
particular,  to  enable  him  to  attain  a  confident  and  com- 
fortable operation  of  the  clutch  and  brake-pedals,  if  for 
no  other  reason.  Without  attempting  to  give  details  of 
the  layout  of  this  shape,  I  would  say  that  the  gradation 
of  the  springs  of  four-row  backs  can  be  made  so  that  the 
bottom  row  has  No.  13,  the  main  row  No.  12,  the  third 
row  No.  13  and  the  top  row  No.  14  springs.  However, 
this  can  all  be  laid  out  on  paper.  Fx-om  this,  drawings 
and  specifications  of  the  back-spring  construction,  as  well 
as  of  the  cushion,  the  back  and  the  final  inspection 
templates,  can  be  determined. 

Softness  of  trimming  is  controlled  to  a  great  extent 
by  the  trimmer  but,  if  the  final  contour  of  the  combined 
cushion  and  back  is  obtained,  together  with  a  properly 
related  foot-rest  position,  the  slight  variation  occurring 
as  to  softness  is  inconsiderable.  If  it  is  to  be  featured, 
softness  should  be  obtained  in  the  spring  construction 
almost  entirely,  especially  in  the  straight-pleated  type. 
The  cushion  top  should  be  firm,  to  enable  it  to  endure 
for  proper  length  of  time. 

Position  of  Foot-Rest,  Steering-Wheel  and  Controls 

The  term  "foot-rest  position"  has  been  used  as  apply- 
ing to  the  brake  and  clutch-pedals  and  to  the  foot-rail. 
It  applies  also,  and  perhaps  more  particularly,  to  the 
accelerator-pedal.  It  is  obvious,  then,  that  the  last- 
named  should  be  located  at  a  slightly  greater  distance 
than  the  other  pedals  for,  when  operating  clutch  or 
brake,  sufficient  freedom  of  movement  between  the  thigh 
and  the  cushion  must  be  allowed  for,  when  determining 
the  slope  of  the  cushion.  Since  the  accelerator-pedal  has 
less  effective  travel,  it  must  be  positioned  to  take  up 
practically  all  of  this  freedom  in  order  that  the  thigh  be 
comfortably  supported  along  the  entire  length  of  the 
cushion  slope.  An  accelerator-pedal  toe-rest  cannot  ac- 
complish this ;  it  can  merely  produce  ankle  comfort.  The 
height  H  of  the  pedal-pads  from  the  floor,  as  shown  in 
Fig.  1,  is  a  dimension  that  deserves  much  study.  How 
the  improper  position  of  some  of  the  existent  pedal-pads 
has  been  arrived  at,  is  a  mystery.  I  suggest  that  the 
Society  formulate  a  diagram  of  control  dimensions 
locating  pedal-pads,  lever-grips,  the  handles  and  knobs 
on  the  instrument-board,  and  the  like,  from  the  center 
of  the  bottom  of  the  steering-wheel  rim.  The  height  of 
the  foot-rail  L  should  be  such  that  the  front  of  a  man's 
shoe  heel  can  be  braced  underneath  the  lower  edge.  This 
height  will  then  be  such  that  the  ball  of  a  woman's  foot 
will  rest  usually  on  the  center  of  the  rail.  The  slope  of 
the  toe-board  should  be  approximately  at  right  angles  to 
the  calf  of  the  leg,  located  so  that  the  thigh  rests  along 
the  entire  length  of  the  cushion  slope  and  within  com- 
fortable reach.  The  sitting  position  should  be  determined 
properly,  regardless  of  the  control. 

It  has  been  shown  how  the  pedals  should  be  located  in 
relation  to  the  seat.  The  steering-wheel  and  hand-levers 
should  be  treated  in  the  same  manner.  I  recommend  a 
minimum  distance  below  the  wheel  of  8  in.  and  a  space 
of  15  in.  to  the  back  upholstery,  as  indicated  by  the 
letters  J  and  J  in  Fig.  1. 

The  arm-rest  position  also  must  be  given  due  con- 
sideration. On  open  cars,  the  height  of  the  body  side 
properly  should  be  determined  from  this  viewpoint,  un- 


less the  seat  width  is  sufficient  to  provide  a  built-in  arm- 
rest.   A  minimum  of  9  in.  is  recommended. 

Head-Room 

Head-room  is  a  fairly  well-established  dimension. 
Where  the  door  width  is  ample  and  the  running-board  is 
positioned  properly,  the  entering  and  leaving  of  the  car 
is  accomplished  without  assuming  even  a  stooping  posi- 
tion. The  head-room  at  the  front  seat  can  be  less  than 
that  at  the  rear,  being  between  axles.  The  greater  range 
of  chassis  spring-action  at  the  rear  makes  it  advisable  to 
provide  slightly  more  head-room  over  the  rear  cushion. 
The  minimum  to  be  recommended  for  the  front  seat  is 
37  in.  and,  for  the  rear,  38  in.,  measured  vertically  at  a 
point  12  in.  back  of  the  front  edge  of  the  cushion  and 
8  in.  from  the  side  of  the  body,  as  indicated  by  the  letters 
M  and  N  in  Fig.  1.  Although  but  36  in.  has  been  pro- 
vided in  some  bodies,  this  dimension  generally  is  accom- 
panied by  an  unusually  soft  cushion. 

The  entering  and  leaving  of  the  car  has  been  men- 
tioned in  connection  with  door  widths  and  the  like,  but 
the  actual  clearance  between  the  parts  of  the  structure 
is  the  true  viewpoint  to  assume  for  such  considerations. 
For  instance,  the  distance  between  the  corner  of  the 
front  seat,  or  a  curved  partition,  to  the  rear-door  hinge- 
pillar  must  provide  a  comfortable  "hip  clearance."  A 
minimum  of  17  in.  is  recommended,  as  indicated  by  the 
letter  U  in  Fig.  1.  This  dimension  will  provide  sufficient 
shoulder-clearance,  although  more  room  than  this  is  de- 
sirable, particularly  if  the  door  is  hinged  on  the  front 
pillar.  For  entrance  to  the  front  seat,  "shoulder-clear- 
ance" should  be  considered  in  connection  with  the  slanted 
windshield  or  body  front.  When  using  the  wheel  side 
for  entering  or  leaving  the  car,  ample  leg  or  "body- 
clearance"  should  be  provided  between  the  wheel  and  the 
seat-arm  or  front-door  rear-pillar.  A  minimum  of  9  in. 
is  recommended  for  open  bodies,  as  indicated  by  the 
letter  R  in  Fig.  1.  This  should  be  slightly  greater  on 
closed  bodies  and  in  both  open  and  closed  types,  where 
the  front  door  is  hung  on  the  rear  pillar.  Of  course, 
where  the  body  space  is  limited,  this  can  be  accomplished 
with  the  aid  of  a  sliding  or  tilting  steering-wheel. 

Seat  Width 

The  width  of  seats  varies  from  37  to  42  in.  for  front 
seats,  as  shown  in  the  tabulation  in  Fig.  1.  This  dimen- 
sion is  determined  more  by  body  design  than  from  the 
standpoint  of  proper  space  for  two  passengers.  While 
16  in.  of  cushion  space  is  sufficient  for  the  average  per- 
son, a  minimum  shoulder-space  of  18  in.  should  be 
allowed  for  passengers.  For  the  driver,  I  prefer  to  pro- 
vide a  21-in.  shoulder-space  to  allow  ample  freedom  of 
arm  movement.  A  front-seat  width  of  40  in.  will  satisfy 
these  requirements  and,  with  the  steering-column  10  in. 
from  the  center-line  of  the  car,  the  driver  will  be  able  to 
sit  directly  behind  the  wheel.  It  is  true  that  many  bodies 
can  be  found  that  are  narrower  at  this  point,  but  too 
sudden  a  contraction  cramps  the  left-arm  movement  of 
the  driver.  The  inside  measurement  of  the  body,  taken 
across  the  center  of  the  steering-wheel,  should  not  be  less 
than  45  in.  The  space  S  will  then  be  but  4  in.  when  a 
17-in.  wheel  is  provided  on  a  column  in  the  location  al- 
ready stated,  as  shown  in  Fig.  1.  I  have  driven  cars  that 
it  hardly  would  have  been  safe  to  have  driven  in  con- 
gested traffic  or  in  unusually  bad  going  if  the  front  win- 
dow had  not  been  lowered  or  the  door  curtain  left  off. 
Cramping  at  this  point  should  not  be  encouraged,  at 
least.  The  hand-clearance  between  the  wheel  and  the 
windshield  should  not  be  less  than  3  in.,  although  this 
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depends  somewhat  on  the  rake  of  the  steering-column  of 
course.  The  width  of  rear  seats,  as  shown  in  the  figures 
for  12  cars  tabulated  in  Fig.  1,  averages  45  in.  for  three 
passengers.  It  is  preferable  to  provide,  as  nearly  as  is 
possible,  a  16-in.  cushion-space  for  each  passenger. 

Depth  of  Front  and  Rear  Compartments 

The  distance  between  the  front  cushion  and  the  dash, 
30  in.,  usually  is  ample  and  does  not  vary  to  a  great 
extent,  as  is  shown  in  the  tabulation  of  the  dimensions 
of  12  different  bodies  in  Fig.  1.  The  space  provided  be- 
tween the  rear  cushion  and  the  back  of  the  front  seat  is 
determined  by  the  use  to  which  it  is  to  be  put.  With 
the  rear  cushion  in  the  compromise  position  recommended 
in  the  first  part  of  this  paper,  the  minimum  distance 
should  not  be  less  than  21  in.  If  ample  space  for  wear- 
ing apparel  carried  on  the  robe-rail  or  room  for  a  travel- 
ing-case is  desired,  it  will  be  necessary  to  increase  this 
dimension,  but  24  in.  gives  a  comfortable  compartment. 


Knee-room  to  the  front  and  rear  of  ifolding-seats  in 
seven-passenger  bodies  or  bodies  having  staggered  seats 
should  not  be  less  than  26  in.,  measured  from  the  back 
upholstery  to  the  part  of  the  structure  in  front.  There- 
fore, allowing  1  in.  for  the  thickness  of  the  folding-seat 
back,  the  distance  from  the  back  upholstery  of  the  sta- 
tionary seat  to  the  structure  in  front  should  not  be  less 
than  53  in. 

Standardization  of  Control  Dimensions 

In  conclusion,  I  wish  to  make  another  plea  for  the 
standardization  of  a  range  of  locations  for  the  control 
elements  as  outlined,  and  also  to  suggest  that  a  manikin 
be  developed  to  conform  to  the  average  dimensions  of 
the  human  body,  so  that  it  can  be  used  as  a  standard 
from  which  to  work.  If  this  accomplished  nothing  more 
than  the  discouraging  of  such  proportions  as  are  found 
in  some  of  the  bodies  shown  at  one  of  the  recent  foreign 
shows,  it  would  be  well  worthwhile. 


DEOXIDATION  OF  STEEL 


A  THOROUGH  study  of  the  theory  and  practice  of  oxida- 
tion of  steel  was  initiated  by  the  National  Research 
Council  during  the  war.  This  important  work  has  been  con- 
tinued under  the  direction  of  J.  R.  Cain,  chairman  of  the 
Committee  on  Substitute  Deoxidizers.  This  committee  has 
issued  a  progress  report,  which  will  be  followed  by  a  more 
extended  technical  report,  and  extracts  from  the  former  fol- 
low. 

One  of  the  most  difficult  operations  of  steel  metallurgy, 
called  deoxidation,  is  that  of  removing  from  the  molten  metal 
before  casting  into  ingots  certain  gaseous  and  solid  foreign 
substances,  known  to  the  metallurgist  as  inclusions,  that  un- 
avoidably enter  the  metal  during  the  melting  processes.  Such 
foreign  substances  are  present  in  varying  amount  and  kind, 
no  matter  whether  the  steel  is  made  in  the  Bessemer  con- 
verter, the  open-hearth  furnace,  in  crucibles  or  in  electric 
furnaces.  The  substantial  removal  of  these  substances  or  of 
their  effects  is  fundamental  and  vital,  because  if  ingots  were 
cast  from  steel  containing  such  inclusions  they  would  be  too 
brittle  for  the  subsequent  operations  of  rolling  or  forging, 
or  would  contain  so  great  a  proportion  of  blowholes  as  to  be 
useless  for  most  purposes. 

Silicon,  aluminum,  manganese  and  titanium  are  the  chem- 
ical elements  that  have  been  most  used.  These  are  gen- 
erally employed  in  the  form  of  their  alloys  with  iron,  except 
in  the  case  of  aluminum.  Manganese  is  the  most  important 
of  all  the  deoxidizing  elements.  In  the  present  state  of  the 
art  it  is  impossible  to  make  steel  that  can  be  forged  success- 
fully or  rolled  without  the  use  of  manganese.  It  is  the  only 
one  of  the  four  elements  mentioned  that  removes  the  fatal 
brittleness  during  hot-working  that  results  from  the  presence 
of  small  amounts  of  sulphur  that  all  steels  contain.  Without 
recourse  to  manganese  the  steel  metallurgist  would  be  forced 
to  make  steel  almost  free  from  sulphur  to  get  a  product  use- 
ful in  the  arts;  something  well-nigh  impossible  with  present- 
day  high-sulphur  fuels  and  steel  scrap. 

The  committee  has  confined  its  experiments  to  73  combi- 
nations of  deoxidizing  elements  that  exhibit  characteristics 
worthy  of  further  consideration.  Methods  had  to  be  devised 
for  making  up  the  various  mixtures  and  testing  them  under 
experimental  conditions  with  a  view  to  developing  data  and 
methods  of  procedure  that  could  be  subsequently  applied  to 
actual  production  conditions. 

In   devising  methods  for  testing  the  efficiency  of  the   de- 


oxidizers a  great  amount  of  pioneer  work  has  been  necessary, 
for  almost  nothing  had  been  done  by  others.  The  aim  has 
been  to  study  those  functions  of  the  deoxidizer  that  are  deemed 
of  most  immediate  interest  to  the  steel  manufacturers:  (a) 
the  greatest  possible  yield  of  sound  ingots  free  from  blow- 
holes and  with  the  minimum  amount  of  shrinkage  cavities; 
(6)  the  making  of  steel  having  satisfactory  rolling  and  forg- 
ing properties;  (c)  the  production  of  metal  free  from  iron 
oxide,  slag  or  other  solid  inclusions;  and  (d)  the  fabrication 
of  steel  with  the  maximum  freedom  from  dissolved  gases. 

Although  actual  tests  of  the  alloys  have  only  begun,  there 
have  been  indications  of  very  interesting  results.  For  in- 
stance, some  alloys  have  shown  marked  superiority  in  pre- 
venting segregation;  others  have  given  promise  of  replacing 
manganese  to  some  extent  in  eliminating  sulphur  red-short- 
ness. There  has  been  opened  up  the  possibility  of  refining 
the  grain  structure  of  steels  by  using  special  deoxidizers, 
and  in  many  cases  there  is  a  great  superiority  in  respect 
to  the  reduction  of  ingot  loss  from  discards  due  to  shrink- 
age cavities.  As  yet  these  are  regarded  only  as  indica- 
tions of  what  can  be  expected,  and  for  this  reason  no  details 
as  to  particular  alloys  are  justified  at  this  time.  However, 
it  is  hoped  that  the  support  for  this  work  may  soon  make 
possible  the  full  realization  of  these  possibilities  by  those 
industries  that  can  expect  to  be  benefited. 

The  limited  amount  of  work  already  done  in  testing  the 
alloys  has  demonstrated  that  it  will  be  possible  not  only 
to  use  less  manganese  alloy,  whether  of  high  or  low  per- 
centage, but  also  to  produce  more  or  better  steel  by  the  use 
of  the  new   alloys. 


E  ENGINEERS  IN  PUBLIC  DISCUSSION 

n 

FEW,  if  any,  of  our  engineering  institutions  lay  sufficient 
stress  upon  the  importance  of  an  engineer's  ability  to 
write  correctly  and  to  speak  the  English  or  any  other  lan- 
guage or  to  appear  at  ease  before  an  audience.  In  conse- 
quence, thousands  of  otherwise  capable  engineers  feel  handi- 
capped and  make  a  bad  impression  when  participating  in 
public  discussions.  It  is  not  sufficient  that  instruction  along 
this  line  be  given  in  the  preparatory  schools  only,  but  should 
be  accorded  a  very  definite  place,  and  its  importance  im- 
pressed upon  the  student  throughout  his  college  course. — 
F.  D.  Nash  in  Engineering  News-Record. 
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Standards  Committee  Meeting 


THE    Standards    Committee    Meeting   convened   al 
10:16  a.  m.,  Tuesday,  Jan.   10.     Chairman  B.  B. 
Bachman  spoke  briefly  on  the  procedure  to  be  fol- 
lowed in  the  sessions  in  passing  on  the  reports  of  the 
al  Divisions. 
The  complete  reports  of  the  Divisions  were  published 
on  pa  -    to  485  inclusive  of  the  December  l'.»2l  issue 

of  The  Journal,  and  are  those  referred  to  hereinafter 
in  connection  with  modifications  that  have  been  made  in 
them,  owing  to  typographical  errors,  changes  directed  by 
the  Divisions  after  the  reports  were  printed,  or  amend- 
ments at  the  standards  Committee,  the  Society  or  the 
Council  meetings.  The  reports  thai  were  approved  at 
those  meetings  are  to  be  submitted  to  the  Members  of 
the  Society  for  approval  by  letter  ballot.  This  mail  vote 
will  be  recorded  at  the  offices  of  the  Society  on  Saturday, 
March  11.  that  is  60  days  after  the  Standards  Committee 
meeting.  The  letter-ballot  forms  will  be  sent  to  the 
Members  of  the  Society  separately  and  should  be  returned 
on  or  before  March  11  to  be  recorded. 

AERONAUTIC  Division 

(  1  l    Tachometer  Drive 

[This  report  as  printed  on  page  383  of  the  December 
Journal  was  duly  approved.] 

THE  DISCUSSION 

H.  M.  Crane: — The  Aeronautic  Division  has  again 
marked  time  as  it  was  foreseen  it  would,  partly  due  be- 
cause the  work  done  during  the  war  rather  outran  the 
standardizing  possibilities  in  the  industry.  This  is  exem- 
plified in  the  case  of  the  report  presented  today  for  revi- 
sion of  the  standard  for  the  Tachometer  Drive.  The 
tachometer  drive  was  practically  standardized  in  the 
original  design  without  any  notable  amount  of  actual 
experience  and  proved  to  be  too  weak  a  construction  for 
some  of  the  large  twin-engined  machines  in  which  long 
drive-shafts  are  required.  In  addition  to  this  report  of 
the  Aeronautic  Division,  however,  it  should  be  noted  that 
the  Aeronautic  Division  is  taking  advantage  of  a  large 
number  of  the  Society's  other  standards.  For  instance,  the 
report  of  the  Iron  and  Steel  Division  applies  practically 
as  much  to  aircraft  engine  and  plane  standardization  as 
it  does  to  the  construction  of  passenger  cars. 

Ball  and  Roller  Bearincs  Division 

(2)  Annular  Ball  Bearings 

[This  report  as  printed  on  pages  383  and  384  was  duly 
approved.] 

THE  DISCUSSION 

F.  W.  GURNEY: — Last  summer  a  complaint  was  made 
by  one  of  the  leading  transmission  manufacturers  that 
the  bore  tolerances  of  ball  bearings  were  not  close  enough. 
Aside  from  the  automotive  industries,  especially  among 
machine-tool  builders,  this  complaint  is  much  more  in- 
sistent. After  much  consideration  the  Division  finally 
agreed  to  revise  the  tolerances,  which  were  previously 
from  plus  0.002  in.  to  various  minus  values.  The  Divi- 
sion found  that  it  is  general  practice  to  manufacture  to 
plus  zero,  all  the  tolerances  being  minus. 

Chain  Division 

(3)  Roller-Chain  Sprocket-Cutters 

[This  report  as  printed  on  page  384  was  duly  ap- 
proved.] 


THE   DISCISSION 

11.  S.  I'll  u.  l  :  The  details  of  the  cutlers  described  in 
this  report  will  be  worked  out  and  presented  to  the  S.i. 

later  on.  At  the  Division  meetings  the  general  princi- 
ples on  which  they  will  be  designed  were  decided  upon; 
and,  as  the  standard  tooth-t'orni  has  been  determined,  it 
practically  axes  the  details.  The  use  of  straddle  cutters 
is  advantageous  to  manufacturers  who  do  not  produce  a 

large  number  Of  any  one  si/.e  of  wheel  hut  have  a  number 
Of  miscellaneous  si/.es  to  make. 
(4)   Rolli  r  Chains 

[This  report  as  printed  on  pages  384  and  385  was  duly 
approved.] 

THE  DISCUSSION 

MR.  PIERCE: — The  formula  and  the  table  given  in  this 
report  are  recommended  practice  for  the  minimum  break- 
ing-strength of  chains,  and  were  developed  by  reason  of 
a  peculiar  situation  that  has  gradually  developed  in  the 
industry.  The  only  data  that  have  been  published  gener- 
ally on  roller-chain  strength  refer  to  the  ultimate  strength 
and  the  general  proportions.  The  ultimate  strengths 
were,  of  course,  for  static  test.  They  were  also  published 
generally  as  average  strengths,  which  they  actually  are, 
but  in  cases  of  test,  to  increase  the  minimum  ultimate- 
strength  to  be  sure  of  passing  the  specification,  certain 
elements  in  manufacture  were  showing  a  trend  in  the 
wrong  direction.  The  ultimate  strength  of  a  roller  chain 
can  be  increased  by  reducing  the  depth  of  the  case  on 
the  pin,  and  by  giving  the  pin  a  heat-treatment  princi- 
pally for  the  core,  and  increasing  the  carbon-content  of 
the  core.  Actually,  what  is  desired  in  roller  chains  is  a 
high  wearing  quality  and  a  great  resistance  to  failure  in 
service;  dynamic  strength  rather  than  static  strength. 

The  recommended  values  are  slightly  less  than  those 
generally  published  on  ultimate  strength,  so  that  the 
efforts  of  the  manufacturers  can  be  directed  toward  really 
making  better  chains  than  to  meet  a  nominal  specification. 

F.  L.  Morse: — The  point  I  wish  to  raise  is  that  it  is 
inadvisable  to  specify  a  minimum  breaking-strength  for 
publication,  as  this  prevents  in  a  certain  measure  the  con- 
stant improvement  that  can  be  effected  by  the  use  of 
better  grades  of  steel.  Every  manufacturer  should  have 
a  free  hand  to  increase  the  minimum  breaking-strengths 
by  such  methods.  This  is  well  recognized  as  a  means  for 
improving  production,  where  various  grades  of  materials 
enter,  and  it  seems  to  me  that  when  a  company  uses  the 
better  grades  of  material,  it  should  be  permitted  to 
receive  the  benefit  of  such  increased  cost  as  is  reflected 
in  the  possible  minimum  breaking-strength. 

M.  C.  Horine:— This  proposal  was  formulated  by  a 
joint  committee  of  the  American  Society  of  Mechanical 
Engineers  and  this  Society,  and  it  was  necessary  to  con- 
sider the  application  of  roller  chains  in  a  rather  broader 
field  than  that  of  the  automotive  industry.  The  result  is 
that  chains  have  been  considered  that  have  no  automotive 
application,  and  I  think  that  the  minimum  breaking- 
strength  figures  have  been  affected  somewhat  by  the  re- 
quirements of  the  general  mechanical  use  of  chains,  which 
are  not  as  severe  as  those  in  automotive  applications, 
especially  in  truck  and  tractor  drives.  I  believe  that  the 
proposed  standard  minimum  breaking-strengths  are  too 
low,  as  the  automotive  industry  is  trying  to  get  better, 
stronger  chains  all  the  time. 
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.Mr.  Pierce: — The  ultimate  strengths  can  be  increased 
but  it  would  be  as  a  rule  at  the  expense  of  elements  that 
are  really  of  much  more  value.  If  a  chain  comes  up  to 
the  minimum  ultimate-strength  specified  in  the  report 
and  actually  breaks  in  service  under  the  static  pull,  it  is 
really  too  light  for  the  work. 

The  wearing  quality  of  the  chain  depends  on  the  char- 
acter and  the  depth  of  the  case  on  the  pin.  The  deeper 
the  case  is,  the  less  the  ultimate  strength  is.  If  the  pin 
is  heat-treated  to  develop  the  best  wearing  qualities  which 
is  the  element  we  really  need,  it  is  not  heat-treated  to 
bring  out  the  maximum  shearing  strength  also.  In  other 
words,  the  parts  need  a  toughening  treatment  to  get  the 
best  results.  I  think  that  every  user  of  roller  chains 
wants  longer  life. 

If  the  only  specification  published  is  for  a  static  test, 
conservative  values  will  result  in  better  chains,  whereas 
higher  values  would  tend  toward  improper  design  and 
manufacture.  As  better  grades  of  material  are  developed, 
the  values  specified  can  be  revised.  But  fairly  high-grade 
materials,  all  good  alloy-steels,  are  now  used  where 
chains  have  to  stand  the  maximum  work. 

MR.  Crane: — Are  these  values  supposed  to  indicate 
safe  running  loads  on  the  chains  on  the  order  of  what  is 
used  as  safe  running  loads  on  ball  bearings  or  roller 
bearings,  or  are  they  strengths  to  show  on  a  testing  ma- 
chine whether  the  chain  is  up  to  specification? 

Mr.  Pierce: — These  values  are  for  tests  on  a  static 
testing  machine  and  are  higher  than  any  safe  working 
load. 

Mr.  Crane: — I  think  that  it  is  very  desirable  to  state 
that  clearly  in  this  recommendation  because  so  many 
standards  of  other  kinds  are  used  by  engineers  that  the 
intent  of  this  one  might  be  mistaken. 

C.  N.  Dawe  : — Mr.  Pierce  said  that  the  deeper  the  case 
is  the  less  the  ultimate  strength  is.  Is  he  basing  any 
opinion  on  that? 

Mr.  PiERCE: — The  chain  pins  are  made  of  lower  carbon- 
steel  and  the  greater  the  depth  of  case  is,  the  lower  the 
shearing  strength  is.  If  the  pins  are  given  a  heat-treat- 
ment for  the  case,  it  does  not  develop  the  maximum 
strength  in  the  core.  A  tough  pin  is  desired  rather  than 
just  a  hard  one  because  an  extremely  hard  pin  is  likely  to 
fail  under  fatigue.  Although  these  figures  refer  to  a 
static  test,  the  service  is  dynamic. 

E.  A.  Johnston  : — It  has  been  my  experience  that  very 
few  chains  fail,  and  that  failure  is  not  always  due  to  the 
shearing  of  a  pin.  In  many  cases  it  is  caused  by  the 
bushing  becoming  loose  in  the  side-bar.  I  have  tested 
many  chains  with  pins  made  of  heat-treated  alloy-steel. 
Specifying  the  minimum  ultimate-strength  will  not  pre- 
vent any  chain-maker  from  advertising  or  stating  that 
his  chain  has  a  much  higher  strength;  that  is  simply  a 
standard  of  measure  to  gage  by.  I  believe  also  that  the 
safe  working  strength  of  a  chain,  or  the  load  on  a  chain, 
would  be  preferable  to  the  ultimate  breaking-strength. 

Mr.  Pierce: — It  has  been  the  practice  of  roller-chain 
manufacturers  to  publish  not  a  minimum  ultimate- 
strength,  but  an  average.  The  natural  variation  in  the 
material  they  get  is  a  little  below  or  above  that  average. 
This  probably  shows  a  factor  that  is  a  safety  margin  of 
10  per  cent,  but  there  has  been  a  tendency  all  along  to 
derive  a  specification  based  on  the  strength  of  the  chain, 
whereas  it  was  not  the  strength  of  the  chain  that  needed 
improvement ;  it  was  other  elements  at  the  expense  of 
which  strengths  were  being  kept  up.  It  would  not  be 
possible  to  recommend  with  safety  working  loads  of 
chains,  because  the  conditions  under  which  they  operate 
in  the  automotive  industry  alone,  in  the  various  applica- 


tions, the  speeds  at  which  they  run  and  the  character  of 
work  require  entirely  different  considerations. 

F.  W.  Andrew  : — It  seems  to  me  that  roller-chain  users 
and  the  trade  generally  wish  all  the  information  contained 
in  this  report  and  I  think  that  it  should  be  approved. 

Mr.  Pierce: — We  are  trying  to  get  some  satisfactory 
engineering  data  on  roller-chains  with  regard  to  working 
loads  and  the  various  other  points  for  recommended  prac- 
tice, but  our  study  has  not  yet  been  completed.  This  re- 
port is  a  step  toward  completing  this  work. 

Electrical  Equipment  Division 

(5)  Insulated  Cable 

[This  report  as  printed  on  page  385  was  duly  ap- 
proved.] 

(6)  Starting-Motor  Flange   Mountings 

[This  report  as  printed  on  page  385  was  duly  ap- 
proved.] 

(7)  Flexible  Steel  Conduit 

LThis  report  as  printed  on  pages  385-387  was  duly 
approved.] 

(8)  Non-Metallic  Conduit 

1  This  report  as  printed  on  page  387  was  duly  approved 
with  the  exception  that  the  minimum  radius  of  %  in.  for 
bending,  given  in  the  last  column  of  Table  5  and  in  the 
next  to  the  last  line  of  paragraph  (5)  was  changed  to 
3  in.] 

Engine  Division 

(9)  Carbureter  Flanges 

[This  report  as  printed  on  page  388  was  duly  ap- 
proved.] 

(10)  Engine  Numbers 

[This  report  as  printed  on  pages  388  and  389  was  by 
amending  action  duly  approved  for  adoption  as  S.  A.  E. 
Recommended  Practice  as  an  alternative  to  the  present 
S.  A.  E.  Standard  on  page  A13  of  the  S.  A.  E. 
Handbook.] 

the  discussion 

Mr.  Crane: — While  I  can  see  some  difficulties  in  the 
method  of  numbering  by  casting  the  number  directly  on 
the  crankcase,  I  would  like  to  ask  what  difficulties  the 
Division  considered  insuperable  in  connection  with  such  a 
method  in  a  factory  building  its  own  product.  It  seems 
to  me  to  be  probably  the  easiest  thing  to  do  in  the  long 
run.  A  crankcase  might  have  to  be  scrapped  from  time 
to  time,  but  there  would  be  a  complete  record  of  the 
numbers,  and  it  would  simply  result  in  the  engine  num- 
ber of  the  last  car  put  out  being  higher  than  the  total 
number  of  cars.  On  the  other  hand,  in  the  case  of  an 
engine  builder  producing  engines  for  different  car-mak- 
ers, the  procedure  might  lead  to  argument  regarding  the 
engine  numbers.  The  engine  builder  would  have  to  use 
serial  numbers  based  on  his  production  of  engines,  and 
this  might  not  agree  with  what  the  car  maker  would  want. 

As  far  as  effectiveness  against  altering  numbers  is 
concerned,  it  is  one  system  that  is  certainly  100  per  cent 
sale  because  it  is  absolutely  impossible  for  any  man  steal- 
ing a  car  to  alter  or  reproduce  the  number  on  a  crankcase 
without  practically  reproducing  the  whole  crankcase. 

.1.  B.  Fisher  : — I  agree  with  Mr.  Crane  that  it  would 
lie  idetd  to  cast  the  numbers  on  the  crankcase  and  that 
the  numbering  could  be  controlled  readily  if  the  car 
builder  were  making  engines  for  himself;  but  it  is  very 
difficult  to  control  the  numbers  when  making  engines  for 
several  buyers.  It  is  the  desire  of  the  Division  to  recom- 
mend a  numbering  system  that  will  be  used  universally 
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by  companies   making  their  own  engines  and   by  com- 
panies who  purchase  from  engine  builders. 

MR.  CRANE: — Would  the  Division  ot>je<  I  to  having  more 
than  one  system?  It  seems  to  me  that  the  casting  system 
has  such  simplicity  compared  to  the  system  recommended 
that  there  is  no  reason  why  the  Society  should  not  recom- 
mend it  to  companies  thai  are  in  a  position  to  use  it.  It 
should  he  the  preferred  method,  I  think.  The  other 
should  be  the  method  where  it  is  necessary  to  have  a 
more  flexible  system  of  numbering  for  one  reason  or  an- 
other than  can  be  obtained  by  the  cast  numbers. 

.Mr.  FISHER:—]  think  there  would  be  no  objection  to 
having  an  optional  system. 

A.  J.  Scaife: — I  would  like  to  inquire  whether  the 
Underwriters  Laboratories  has  approved  this  method 
and,  if  not,  whether  it  is  advisable  to  accept  it  as  a 
standard.  When  we  first  considered  this  subject  there 
was  discussion  of  this  method  and  it  seemed  advisable 
for  us  to  recommend  a  method  that  would  be  approved 
by  the  Laboratories  before  we  adopted  it. 

Mr.  Fisher: — A  set  of  sample  plates  was  made  up  and 
forwarded  to  the  Underwriters  Laboratories  at  Chicago. 
It  has  not  submitted  its  report  to  us  yet. 

K.  S.  BURNETT:— Mr.  Small,  vice-president  of  the  Un- 
derwriters Laboratories,  has  stated  that  this  recom- 
mendation looks  as  promising  as  anything  that  had  been 
brought  to  light  so  far.  We  are  awaiting  advices  from 
the  laboratories  as  to  the  result  of  testing  this  method  of 
numbering  engines. 

W.  S.  HAGGOTT: — I  do  not  know  that  it  is  necessar 
get  the  underwriters'  approval  on  a  matter  of  this  kind. 
If  it   is  a  good  thing,  the  Society  could  adopt   it  anyway. 

MR.  HoRINK: — With  reference  to  Mr.  Crane's  remarks 
on  casting  the  number  on  the  crankcase,  I  would  say  that 
a  proposal  was  made  some  time  ago  for  a  checkerboard 
system,  specifying  digits  from  0  to  9  in  vertical  columns 
and  a  sufficient  number  of  columns  to  make  up  the  num- 
ber of  digits  in  the  number.  The  actual  number  would 
Down  by  drilling  out  all  digits  not  wanted  in  each  row. 
That,    it   seems   to   me,    would    be   utterly    impossibli 

nge,  although  it  would  not  provide  for  error  any  more 
than  the  straight  casting  method.  It  would,  however, 
make  it  impossible  for  a  thief  to  grind  down  the  surface 
of  the  casting  and  restamp  a  new  number,  which  can  be 
done  where  the  number  is  merely  stamped  in  the  crank- 
is  is  now  the  practice. 


Mr.  Fisher:     Thai  proposal  was  made  al  the  Division 

tings.    The  objections  i<>  it  were  the  large  amount  of 

drilling  necessary  to  get  the  number  on  each  crankcase 

and  that  it  would  be  possible  to  drill  oui  one  or  more  of 

these    numbers  and   insert    plugs  of  the  same  metal  with 

different  numbers  on  them.    A  competenl  mechanic  could 

do   that    in  a   way   that    WOUld   be   Verj    hard   to  detect.      We 

are  aiming  at  simplicity  above  everything  else,  and  try- 
ing to  get  an  effective  method  that  can  be  used  with  the 
least    work  and  expense   in   the   foundry  and   in    the  shop. 

Chairman  Bachman:    The  Division  has  considered 

the  question  of  numbering  engines  in  such  a  manner  thai 
I  he  marking  cannot  be  altered  by  an  unant  horized  perSOIl 
I'he  desirability  id'  such  a  system  is  self-evident.  A  num- 
ber of  ideas  have  been  submitted;  among  them  the  ones 
that  .Mr.  Crane  and  Mr.  llorine  have  indicated.  The 
Division  has  recommended  a  method  that  in  its  opinion 
is  possible  and  simple,  but,  as  has  been  pointed  out,  the 
benefits  of  adopting  such  a  system  are  dependent  in  part 
at  least  upon  its  acceptance  by  the  Underwriters  Labora- 
tories. It  may  be  desirable  for  us  to  proceed  along  our 
own  lines,  standardizing  what  we  conceive  to  lie  good,  or 
to  await  the  approval  of  other  organizations  before  we 
take  action.  It  may  be  possible  to  have  two  acceptable 
systems;  one  that  would  be  used  by  those  making  their 
own  engines  and  another  for  use  under  different 
conditions. 

MR.  Burnett: — This  proposal  is  in  the  form  of  a 
revision  of  an  S.  A.  E.  Standard  that  has  been  in  THE 
Handbook  for  a  number  of  years.  The  present  standard 
specifies  the  stamping  of  numbers  at  least  '  |  in.  high. 
That  is  as  far  as  it  goes. 

Mr.  Crank: — The  proposal  is  for  a  safety  system  of 
numbering.  The  other  was  simply  a  system  of  numbering 
without  any  regard  to  its  safety. 

A.  K.  Brumbaugh: — Even  after  stamping  the  numbers 
on  the  rough  surface  of  the  casting  and  between  the  rough 
parallels,  it  is  possible  to  cut  out  the  numbers  and  sand- 
blast that  part  of  the  casting  so  that  in  a  very  short  time 
afterward  it  will  have  the  same  appearance  as  the  orig- 
inal surface  with  the  new  or  false  numbers  stamped  in. 
Approval  of  this  recommendation,  even  as  a  recommended 
practice,  means  a  change  of  patterns  and  possibly  foun- 
dry methods  that  would  be  justified  only  by  having  some- 
thing that  is  final  and  acceptable  to  the  insurance  au- 
thorities. 
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(11)   Fan  Belts  and  Pulleys 

[This  report  as  printed  on  pages  389  and  390  was  duly 
approved  with  the  exception  that  in  Tables  6  and  7  the 
term  "inclusive"  should  apply  to  the  column  of  "Maxi- 
mum Fan  Diameters."] 

THE  DISCUSSION 

W.  L.  Gilmer: — Standardization  of  fan  belts  and  pul- 
leys is  really  necessary.  At  present  very  little  has  been 
done  following  such  standards  as  have  been  set.  The  ma- 
jority of  the  fans  on  automobiles  are  from  15  to  18  in.  in 
diameter  and  of  lTs-in.  or  less  projected  blade-width. 
The  belt  widths  range  from  %  to  V/z  in.  These  recom- 
mendations seem  to  be  based  entirely  on  fan  diameter 
and  projected  blade-path,  while  they  should  be  based  on 
the  power  requirements  of  the  fan,  the  fan  diameter  and 
speed,  the  projected  blade-path  and  the  size  of  pulleys. 
For  instance,  a  1%-in.  belt  with  a  15-in.  fan  of  l38-in. 
blade-width  traveling  at  200  r.p.m.  will  require  about 
1/16  hp.  An  18-in.  fan  of  l7s-in.  blade-width  will  take 
1.8  hp  at  the  same  speed.  If  the  speed  is  increased,  the 
power  required  at  the  belt  is  considerably  larger.  Both 
of  those  fans  do  not  require  the  same  width  of  belt.  It 
would  be  very  much  better  if  the  pulley  and  belt  widths 
were  specified  according  to  the  power  that  is  required 
with  them. 

As  large  pulleys  as  possible  should  be  used  so  as  to 
get  higher  belt  speeds,  lower  initial  belt-tension  and 
greater  belt  contact  on  the  pulleys.  It  is  a  mistake  to 
crown  both  pulleys.  In  assembling  an  automobile  it  is 
almost  impossible  to  get  the  peak  of  the  crown  on  both 
pulleys  in  perfect  alignment,  and  if  the  pulleys  are  not 
in  alignment,  they  will  force  the  belt  to  travel  crookedly 
or  weave,  resulting  in  the  belt  binding  on  the  flange  and 
jumping  off  the  pulley.  The  crown  should  be  on  the  driv- 
ing pulley  only;  not  on  the  fan  pulley.  A  crown  of  1/16 
in.  on  the  fan  pulley  will  reduce  the  power-transmitting 
capacity  of  the  belt  from  10  to  15  per  cent.  The  crown 
recommended  will  average  about  1/16  in.  and  in  many 
applications  will  allow  the  belt  to  be  considerably  over- 
loaded. The  fan  pulley  is  usually  smaller  than  the  driv- 
ing pulley  and  consequently  has  less  belt  contact.  If  this 
belt  contact  is  further  reduced  by  crowning  it,  the  belt 
capacity  will  be  reduced  to  an  extent  that  will  be  trouble- 
some. 

G.  A.  Barnard: — I  subscribe  heartily  to  everything 
that  Mr.  Gilmer  has  said.  He  called  attention  to  the  fact 
that  fan-belt  and  pulley  requirements  are  based  on  horse- 
power. I  think  that  this  recommendation  is  a  step  far  in 
advance  of  what  has  ever  been  done.  I  think  it  should 
be  accepted,  but  there  is  still  the  need  for  a  tremendous 
amount  of  investigation  along  the  lines  suggested  by  Mr. 
Gilmer  to  determine  the  horsepower  ratings  of  fans  and 
also  of  generators  and  pumps.  Very  few  manufacturers 
appreciate  how  tremendously  the  horsepower  require- 
ments increase  with  slight  increases  in  fan  speed.  Re- 
ferring to  Fig.  2,  I  suggest  that  the  terms  referring  to 
the  V-belt  pulley  "For  power  drives"  and  "Fo»  fan 
drives,"  be  clarified.  I  would  like  to  inquire  why  the 
38-deg.  angle  is  recommended  for  the  V-belt  on  the  fan 
drive. 

Mr.  Fisher: — The  expression  "For  fan  drives"  refers 
to  applications  in  which  only  the  fan  is  driven.  The  ex- 
pression "For  power  drives"  includes  applications  in 
which  also  the  generator  or  the  pump  is  driven  off  the 
same  belt.  The  two  angles  were  selected  after  a  careful 
study  of  those  in  general  use.  It  seemed  to  the  Division 
that  they  are  about  the  best  that  can  be  recommended. 


Permitting  the  belt  to  slip  more  readily  at  high  speeds 
was  one  of  the  factors  that  affected  the  selection  of  these 
angles. 

I  am  sorry  that  Mr.  Schwitzer  of  the  Automotive  Parts 
Co.  is  unable  to  be  here  today,  as  he  was  Chairman  of 
the  Subdivision  that  investigated  this  subject  very  care- 
fully and  prepared  a  comprehensive  report  on  it. 

I  would  like  to  state  that  determining  the  fan  horse- 
power by  the  projected  width  of  the  blades  is  not  a  very 
satisfactory  method.  We  have  found  that  a  fan-blade  of 
2Vl-in.  projected  width  may  take  less  horsepower  than  a 
fan  of  the  same  diameter  having  only  l"s-in.  projected 
width,  because  much  depends  upon  the  angle  of  the  blades 
and  the  type  of  bearing  in  the  fan.  It  is  difficult  to  de- 
termine the  horsepower  required  from  the  diameter  of 
the  fan  and  the  projected  width  of  the  blade. 

Chairman  Bachman: — There  is,  undoubtedly,  room 
for  difference  of  opinion  on  this  subject,  but  the  proba- 
bilities are  that  this  work  will  be  expanded  and  con- 
tinued. 

Mr.  Barnard: — I  am  not  opposed  to  the  approval  of 
this  recommendation.    I  am  heartily  in  favor  of  it. 

F.  G.  Whittington  :— Was  the  consideration  of  this 
subject  based  on  two,  three,  four,  five  or  six-blade  fans? 
A  20-blade  fan  would  reduce  the  required  horsepower  to 
practically  nothing.  Most  of  our  work  has  been  done 
with  the  conventional  four-blade  fans. 

Mr.  Fisher: — I  believe  this  recommendation  is  based 
largely  on  conventional  four-blade  practice,  but  most  of 
it  will  undoubtedly  apply  to  other  fans. 

(12)   Mufflers 

[This  report  as  printed  on  page  391  was  duly  ap- 
proved.] 

THE  DISCUSSION 

Ralph  Murphy: — We  believe  that  in  many  cases  a 
smaller  muffler  will  be  satisfactory.  We  also  believe  that 
a  smaller  pipe  and  tail-pipe  would  be  satisfactory  with 
a  smaller  muffler.  We  suggest  a  muffler  5  in.  in  diameter 
with  a  volume  of  approximately  350  cu.  in.  and  a  tail- 
pipe of  l1 4-in.  diameter. 

MR.  Horine: — The  standard  proposed  does  not  include 
the  larger  sizes  for  trucks  and  particularly  for  tractors. 
The  motor  truck  and  the  automobile  are  pretty  closely 
allied  and  it  seems  to  me  that  this  recommendation  might 
very  well  be  extended  to  include  4-in.  exhaust-pipes. 

There  is  also  some  difference  of  opinion  as  to  whether 
the  tail-pipe  should  be  smaller  than  the  exhaust-pipe. 
Some  manufacturers  make  the  tail-pipe  larger  than  the 
exhaust-pipe  on  the  principle  of  slowing-down  the  flow 
of  the  exhaust  gas  instead  of  speeding  it  up.  It  would 
not  seem  to  be  any  violation  of  the  principles  of  stand- 
ardization to  provide  some  option  on  the  tail-pipe  size, 
so  that  a  manufacturer  could  use  a  larger  tail-pipe,  if 
he  wished  to. 

If  it  is  not  desired  to  extend  the  sizes  of  exhaust- 
pipe  to  include  heavy  trucks,  the  recommendation  should 
be  specified  as  a  passenger-car  and  not  a  motor-truck 
standard. 

Mr.  Fisher:  The  Division  felt  that  the  3-in.  diameter 
exhaust-pipe  is  larger  than  most  of  those  in  general 
passenger-car  and  truck  practice. 

Mr.  Horine  : — We  use  a  4-in.  size. 

MR.  Fisher: — Your  company  is  one  of  the  few  that 
uses  so  large  a  size.  It  was  felt  that  anyone  using  a 
pipe  that  large  would  naturally  install  a  special  muffler 
in  connection  with  it.  For  instance,  the  muffler  7  in.  in 
diameter  and  28  in.  long  is  a  pretty  good-sized  muffler 
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and  will,  I  think,  meet  nearly  all  the  requirements  of 
truck   service.     There   is   nothing   however   to   prevenl 

standardizing  the  larger  sizes  it'  it  is  t.  rally  that 

this  should  be  done. 

Frames  Division 

i   Rumting-Board  Brael 

[This  report  as  printed  on  pages  •">'.' l  and  892  was 
duly  approved] . 

Ikon  and  Steel  Division 
(14)   Iron  and  Steal  Specificatic 

[The  following  changes  and  corrections  were  made  in 
the  report  at  the  meeting  of  the  Iron  and  Steel  Division 
held  Jan.  9,  and  approved  at  the  Standards  Committee 
and  Society  meetings.] 

Page  397,  Part  VI,  Definitions.— The  definitions  for 
"Normalizing"  and  "Annealing"  should  begin  "A 
uniform  heating  above  the  .   .   .   .  " 

Under  Fig.  12  add  equation 

"Gage   Length  d  =  4.5   V    Area  of  Cross-Section" 

Under  the  heading  "Construction,"  third  paragraph,  last 
sentence,  delete  "Plain  ends  for  grips"  and  "may  be 
used"  and  add  "are  recommended." 

In  the  fifth  paragraph,  seventh  line,  delete  "equals    I 
times  the  square  root  of  the  area"  and  substitute 
"conforms  to  the  formula 
"Gage  Length  d  —  4.5   \    Area  of  Cross-Section" 

In  the  fifth  paragraph,  lines  12  and  13,  delete  "Plain  ends 
for  grips"  and  "may  be  used"  and  substitute  "are 
recommended." 

Page  398 — Delete  Fig.  13  and  the  accompanying  table. 
The  last  sentence  of  the  first  paragraph  in  the  first 
column  should  read  "Threaded  or  self-aligning  ball- 
ends  are  recommended."  Delete  the  entire  third 
paragraph  in  the  first  column. 

Page  399 — Under  the  heading  "Case-Hardening,"  second 
paragraph,  delete  "process  of"  and  substitute  "pro- 
cedure after." 

Page  400— Under  "S.A.E.  Steels  1010  and  1015,"  first 
paragraph,  first  line,  delete  "seamless."  In  the  fifth 
paragraph,  eighth  line,  change  "strength"  to  "refine- 
ment" and  in  the  last  line  change  "core"  to  "case." 

The  following  corrections  were  made  in  Brinell  and 
Shore  Hardness  values. 
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Page  411 — The  curves  of  physical  properties  for  Steel 
3140  quenched  in  oil,  shown  in  Fig.  29,  should  be 
replotted  to  the  following  points. 

TABLE  Hill  STANDARDS  COMMITTEE  MEETING 


Drawing 

Thousand  Pounds  per  Square 

Inch 

Temperature, 

deg.  Fahr. 

TS 
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Page  422— Heat-treament  9250-VIII  and  9260-VIII,  op- 
eration 6  should  read  "Quench  in  oil." 
I  With  the  corrections  indicated  above  this  report  as 
printed  on  pages  392  to  422  was  duly  approved.] 

THE  DISCUSSION 

F.  P.  GILLIGAN : — With  reference  to  the  reservation  of 
the  number  4  for  molybdenum  steels,  the  Division  has 
taken  no  action  toward  standardizing  molybdenum  steel 
specifications  but,  feeling  that  it  has  to  take  into  con- 
sideration the  fact  that  this  type  of  steel  is  being  used 
and  that  it  may  be  proposed  as  a  standard  S.A.E.  steel 
in  the  future,  considers  it  advisable  to  reserve  number 
4  for  that  type  of  steel  to  the  end  that  those  who  are 
working  with  it  can  classify  it  by  the  same  symbol. 

Part  II  of  the  Iron  and  Steel  Division  Report,  appear- 
ing on  page  394  of  the  December  Journal,  and  entitled 
Specifications  for  Automotive  Steels,  is  an  existing  stand- 
ard conforming  to  that  of  the  American  Society  for 
Testing  Materials  and  has  only  been  brought  uptodate. 
no  important  changes  having  been  made  in  it. 

In  part  III,  Chemical  Compositions,  there  have  been 
added  steels  1015,  1030,  1040,  1046  and  1050.  Steel  1015 
is  a  carburizing  type.  Steel  1046  is  primarily  a  carbon 
gear-steel;  and  1030  and  1050  were  added  at  the  request 
of  the  American  Gear  Manufacturers'  Association.  No 
change  is  made  in  the  screw  stocks,  steel  castings  or 
nickel  steels.  The  manganese  range  on  2315,  a  carburiz- 
ing type,  has  been  lowered  from  0.50-0.80  per  cent  to 
0.30-0.60  per  cent  and  nickel  steel  2350  has  been  added  at 
the  instance  of  the  American  Gear  Manufacturers'  Asso- 
ciation. 

In  the  nickel-chromium  series  a  0.15-per  cent  carbon  low 
nickel-chromium  steel,  3115,  has  been  added  for  carbu- 
rizing purposes;  it  is  a  better  carburizing  steel  than  3120. 
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Likewise  a  0.15-per  cent  carbon  steel,  3215,  has  been 
added  and  also  steel  3245,  midway  between  the  0.40  and 
0.50-per  cent  carbon  ranges  to  give  a  little  closer  range 
for  certain  gear  requirements.  Steel  3312  is  proposed  as 
a  carburizing  type  for  the  3300  series.  The  carbon  ranges 
of  steels  3320  and  3330  have  been  raised  five  points, 
changing  them  to  steels  3325  and  3335,  these  ranges  ap- 
parently reflecting  general  usage. 

In  the  chromium  steels,  5165  has  been  deleted,  as  there 
is  apparently  no  use  for  it,  and  5150  has  been  added 
for  shafting  material  and  for  gear  purposes.  These  con- 
stitute the  only  changes,  most  of  them  being  additions  to 
the  present  S.A.E.  standard  compositions. 

Part  IV,  Steel  Castings,  is  a  copy  of  what  has  hereto- 
fore prevailed.  No  change  is  proposed  in  this  specifica- 
tion. 

Part  V,  Malleable  Iron  Castings,  is  a  copy  of  what  has 
prevailed  in  the  past  and  is  the  same  as  the  specification 
of  the  American  Society  for  Testing  Materials. 

In  proposing  Part  VI,  Definitions,  the  Division  recog- 
nizes the  fact  that  it  is  difficult  to  get  agreement  on  def- 
initions pertaining  to  metallurgy.  The  definitions  are 
proposed  with  distinct  reference  to  their  use  in  these 
specifications  and  not  with  reference  to  their  general 
application. 

Lighting  Division 

(15)  Bases,  Sockets  and  Connectors 

[This  report  as  printed  on  pages  422  and  423  was 
duly  approved.] 

(16)  Lamp  Glasses 

[This  report  as  printed  on  page  423  was  duly  ap- 
proved.] 

(17)  T ail-Lamps 

[This  report  as  printed  on  page  423  was  duly  ap- 
proved.] 

Non-Ferrous  Metals  Division 

(18)  Solders,  Specifications,  Nos.  1,  2,  3  a»d  4 

[In  specification  No.  1,  Class  B,  the  limits  for  tin 
should  be  48.76  to  49.74  per  cent.  In  Specification  No.  2 
the  limits  for  tin  in  Class  A  should  be  44.55  to  45.45  per 
cent  and  in  Class  B,  43.07  to  43.93  per  cent.  In  Specifi- 
cation No.  3,  Class  B,  the  limits  for  tin  should  be  37.62 
to  38.38  per  cent.] 

[With  the  corrections  indicated  above  these  specifica- 
tions as  printed  on  pages  423  and  424  were  duly  ap- 
proved.] 

THE  DISCUSSION 

Mr.  Mougey  : — These  specifications  cover  four  grades 
of  solder.  Specifications  Nos.  1,  2  and  3  are  the  same  as 
American  Society  for  Testing  Materials  specification  No. 
B32-21.  These  specifications  were  printed  in  the  form 
used  in  the  S.A.E.  Handbook  which  gives  the  ranges  as 
maxima  and  minima.  The  American  Society  for  Testing 
Materials  specification  gives  the  range  in  tin  as  1  per 
cent  plus  or  minus  of  the  content  specified.  The  two 
methods  of  calculating  the  tin  range  will  have  a  very 
small  effect  in  the  limits  permitted,  but  the  Division 
has  decided  to  recommend  that,  instead  of  having  speci- 
fications 1,  2  and  3  given  with  the  limits  as  printed,  the 
limits  as  calculated  by  the  American  Society  for  Testing 
Materials  method  be  adopted.  This  will  change  the  limits 
somewhat  in  some  cases. 

Specification  No.  4  does  not  appear  in  the  American 
Society  for  Testing  Materials  specifications  since  the 
lowest  tin-content  in  those  solders  is  33  per  cent.  The 
limits  for  composition  in  specification  No.  4  cover,  it  is 


thought,  the  same  range  as  the  American  Society  for 
Testing  Materials  would  have  covered  if  it  had  a  similar 
solder  specification. 

(19)  Babbitt,  Specification  No.  14 

[After  deleting  the  reference  to  iron  in  the  table  of 
composition  the  specification  as  printed  on  page  424  was 
duly  approved.] 

THE  DISCUSSION 

Mr.  Mougey  :— Subsequent  to  a  request  from  the  Sta- 
tionary Engine  Division  for  a  babbitt  having  a  composi- 
tion of  approximately  70  per  cent  lead,  15  per  cent  tin 
and  15  per  cent  antimony,  several  babbitts  were  obtained 
from  stationary-engine  sources  and  analyzed.  They  were 
found  to  agree  closely  with  American  Society  for  Test- 
ing Materials  specification  No.  B23-18-T,  and  the  Divi- 
sion has  offered  Specification  No.  14  tc  meet  the  request 
of  the  Stationary  Engine  Division. 

(20)  Manganese  Bronze,  Specification  No.  43 

[This  specification  as  printed  on  page  424  was  duly 
approved.] 

THE  DISCUSSION 

Mr.  Mougey: — This  specification  as  it  is  now  printed 
in  the  S.A.E.  Handbook  gives  no  satisfactory  way  of  in- 
specting the  bronze.  The  proposed  physical  test  is  the  same 
as  that  of  the  American  Society  for  Testing  Materials, 
specifying  the  same  tensile-strength  and  elongation  re- 
quirements and  the  same  preparation  of  test-bars.  In 
the  second  paragraph,  third  line,  of  the  specification, 
the  expression  "%-in.  test-bar"  should  be  changed  to 
"standard  S.A.E.  test-bar,"  since  there  is  a  slight  dis- 
crepancy between  the  standard  S.A.E.  test-bar  and  the 
American  Society  for  Testing  Materials  test-bar.  The 
difference  is  exceedingly  small  but  the  S.A.E.  standard 
should  be  consistent  with  itself  in  these  specifications. 

(21)  Cast  Brass  To  Be  Brazed,  Specification  No.  44 
[This  specification  as  printed  on  page  424  was  duly 

approved.] 

THE  DISCUSSION 

Mr.  Mougey  : — Specification  No.  44  covers  cast  brass 
to  be  brazed.  This  is  a  composition  for  which  there  is 
a  demand  at  times,  and  the  specification  covers  one  of 
the  most  desirable  compositions  for  this  kind  of  material. 

(22)  Brazing  Solder,  Specification  No.  45 

[This  specification  as  printed  on  pages  424  and  425 
was  duly  approved.] 

THE   DISCUSSION 

Mr.  Mougey: — Brazing  solder  is  the  material  used  in 
dip-brazing  or  in  several  other  varieties  of  brazing  as 
mentioned  in  the  note  on  General  Information.  This 
specification  covers  a  material  that  is  common  in  the 
industry. 

(23)  Commercial  Sheet  Brass,  Specification  No.  70 
[This  specification  as  printed  on  page  425  was  duly 

approved.] 

the  discussion 

W.  B.  Price: — This  is  a  revision.  We  have  simply 
changed  the  table  of  permissible  variations  in  thickness 
to  conform  to  those  of  American  Society  for  Testing  Ma- 
terials specification  No.  B36-21. 

(24)  Copper  Sheet,  Specification  No.  71 

[This  specification  as  printed  on  page  425  was  duly 
approved  with  the  addition  of  the  following  note  under 
the  table  of  "Permissible  Variations  in  Thickness."] 

These  should  be  considered  as  general  specifications. 
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pper  sheet  ia  used  foe  many  purposes  where 
the  requirements  of  the  operations  used  are  too  par- 
ticular to  be  specified  by  any  of  the  ordinary  physical 
requently  advisable  n>  Bobmil  samples  or 
drawings  t"  the  manufacturer  and  secure  an  adjust- 
ment "f  anneal  or  tern] 

hich  the  material  ibjected. 

THE   DISI  i  SSION 

Mk.  Price:— This  report  is  a  revision  of  the  table  of 
ultimate  strengths  and  elongations  to  replace  thai  now 
printed  in  the  S.A.E.  II  VNDBOOK. 

Mr.  Gilligan:-  1  would  like  to  inquire  what  torn 

mended  for  copper  from  0.005  to  0.031  in. 

thick.     The  reason    1   raise   the  question    is   thai    we  are 

ed  with  a  similar  condition  in  heet 

ami  I  was  wondering  if  the  sheet  brass  and  Bheel 

copper  manufacturers  have  a  satisfacto  specimen 

for  this  thin  sheet. 

Mr,  Pbi(  i-  :  We  would  use  a  section  about  '  -  in.  wid< 
with  ai»mt  2  in.  between  t he  punch-point-.  There  should 
be  a  note,  similar  to  the  one  appended  to  specification 
Mo,  70,  stating  that  not  very  reliable  results  can  be  had 
on  such  thin  material. 

F.  G.  Smith: -The  recommended  limits  for  tensile- 
gth  are  set,  I  believe,  at  such  figures  thai  it'  thin 
pieces  having  an  average  width  of  '  _•  in.  and  a  2-in.  gage- 
length  are  tested  and  care  is  taken  to  see  thai  they  are 
straight  so  as  not  to  tear,  they  will  meet  these  speci- 
ficatii 

Mr.  PRICE: — We  have  not  been  able  to  develop  any- 
thing that  gives  us  more  satisfactory  results,  so  these 
figures  have  been  set  low  enough  to  meet  the  require- 
ments of  ' 

MR.  MoUGEY: — We  have  made  a  great  number  of  U 
on  thin  sheets  and  find  that  the  main  trouble  is  in  try- 
ing to  test  the  small  specimens  in  large  testing-machines. 
The  small  test-specimens  should  be  tested  in  a  smaller 
machine  to  get  a  straight  pull. 

I  /'■'./,   Bronze)  Rod,  S  on  No.  73 

[This  specification  as  printed  on  pages  42">  and    126 

was  duly  approved.     The  discussion  of  this  specification 

will  be  found  with  that  of  Specification  Xo.  76  for  Naval 

Brass     Tobin  Bronze)   Tubing.] 

6)   Naval   Brass    (Tobin    Bronze)    Tubing,  Specification 

[This  specification  as  printed  on  page  426  was  duly 
appro 

THE   DISCUSSION 

Mr.  Price: — Specification  Xo.  73  is  only  a  revision  as 
a  result  of  the  insertion  of  "Tobin  Bronze"  in  paren- 
thesis, because  this  material  is  widely  known  by  this 
name.  Specification  No.  76  is  new  and  is  submitted  by 
the  Division  for  adoption  as  S.A.E.  Standard. 
rJTi  Braat  Spring  Wire,  Specification  No.  80 
[This  specification  as  printed  on  page  426  was  duly 
approved.  The  discussion  of  this  specification  will  be 
found  with  that  on  Specification  Xo.  88  for  Brass  Forging 
Rod.] 

(28)  Phosphor-Bronze  Spring    Wire,  Specification  No.  81 
[This  specification  as  printed  on  page  426  was  duly 

approved.  The  discussion  of  this  specification  will  be 
found  with  that  on  Specification  Xo.  88  for  Brass  Forg- 
ing Rod. 

(29)  Brass  Forging  Rod,  Specification  No.  88 

[This  specification  as  printed  on  pages  426  and  427 
duly  approved.] 


THE  DISCUSSION 

Mb,  I'kic  i  :     Spei  ification  No.  80  is  a  new  one  covering 

Brass    Spring   Wire;    Specification    No.   81    is    new   and 

'a  Phosphor-Bronze  Spring  Wire.    Specification  No. 

;  n  conforms  with  Specification  N'o.  B15-18 

of  the  American  Society  for  Testing  Materials. 

Parts  \\n  Fittings  Drv ision 

(80)    Bod  /•.'■ 
rhia    report    as    printed    on    page     127    was    duly    ap- 
proved.] 

THE  DISCUSSION 

F.   G.   W u itt! xcii on: — The  proposed   revision  of  the 

S.A.E.  Standard  on  Rod-Ends  involves  nothing  o 
than  adding  the  yoke-end  boss  diameters  to  the  present 
standard  on  p  C-8  of  the  S.A.E.  Handbook.  These 
dimensions  were  decided  upon  in  cooperation  with  the 
manufacturers  of  rod-ends  and  with  car  builders  who 
make  rod-ends.  The  Division  found  only  two  of  the  latter 
who  deviated  from  the  standard  rod-ends.  Both  of  them 
have  now-  agreed  to  conform  to  the  general  practice. 

The  change  in  dimension  K  for  the  7s-in.  size  is  made 
to  correct  an  error  in  the  original  printing  of  the  stand- 
ard several  J  ears 

(31)  Taper  Fittings  for  Plain  and  Slotted  Nuts 

[This  reporl  as  printed  on  page  427  was  duly  ap- 
proved. | 

(32)  Watt  r-Pipe  Flangi 

[This  report  as  printed  on  page  427  was  duly  ap- 
proved.] 

(331    Lock    Washers 

[In  Table  15  on  page  429  the  dimension  B  for  the 
!  i -in.  S.A.E.  Standard  Bolt  was  changed  to  7/16-in.  to 
correct  a  typographical  error.  With  this  correction  the 
report  as  printed  on  pages  428  and  429  was  duly  ap- 
proved.] 

THE  DISCUSSION 

MR.  Whittington: — The  lock-washers  recommended 
in  revision  of  the  present  standard  on  page  C5  of  the 
S.A.E.  Handbook  have  been  under  discussion  for  a  con- 
siderable length  of  time,  the  Motorcycle  Division  having 
brought  up  the  question  of  the  weights  of  washers  for 
use  against  aluminum,  and  alleging  that  some  of  the 
washers  are  entirely  too  heavy  for  good  practice.  This 
recommendation  also  reduces  the  number  of  sizes  by 
about  one-third. 

Passenger-Car  Body  Division 

(34)  Passenger-Car  Door-Handles 

[This  report  as  printed  on  page  428  was  duly  ap- 
proved.] 

(35)  Passi  nger-(  'ar  Doors 

[This  report  as  printed  on  page  428  was  duly  ap- 
proved.] 

(36)  Rubber  Bushings 

[This  report  as  printed  on  page  428  was  duly  ap- 
proved.] 

(37)  Wiring  for  B<  i  - 

[This  report  as  printed  on  page  428  was  duly  ap- 
proved.] 

(38)  Body  Nomenclature 

[At  a  meeting  of  the  Passenger-Car  Body  Division, 
held  Jan  9  the  illustration  and  description  for  Fig.  51, 
and  the  brief  description  of  this  body  in  the  Landaulet 
type,  printed  below  Fig.  57  on  page  431  of  the  Decern- 
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ber  JOURNAL,  were  deleted   from  the  Division's  recom- 
mendation. 

With  the  changes  indicated  above  the  report  as  printed 
on  pages  430-432  was  duly  approved.] 

THE  DISCUSSION 

E.  G.  Budd: — This  recommendation  is  in  the  nature 
of  a  revision  of  the  present  more  or  less  obsolete  nomen- 
clature in  the  S.A.E.  Handbook,  and  is  intended  to  bring 
about  uniformity  in  nomenclature. 

H.  W.  SLAUSON: — Should  not  Fig.  51  be  entitled  "close- 
coupled  sedan"  and  retained  as  a  distinctive  type  of  body? 

MR.  Budd: — It  was  the  Division's  thought  that  the 
builders  will  use  various  prefixes  to  describe  that  type. 
One  will  call  it  a  "four-door  coupe-sedan";  another  a 
"close-coupled  sedan." 

Screw-Threads  Division 

(39)  Pressure-Gage   Connections 

[This  report  as  printed  on  page  432  was  duly  ap- 
proved.] 

THE  DISCUSSION 

Earle  Buckingham  : — The  Division  tried  first  to  for- 
mulate one  single  standard  but  found  that  it  would  not 
meet  the  needs  of  the  trade.  Three  sizes,  including  one 
alternate  construction  for  the  y8-in.  standard  taper  pipe- 
thread  are  proposed.  The  pipe-thread  size  is  intended 
for  motorboat  applications  principally. 

Alex.  Taub:— The  S.A.E.  flared  tubing  connection  is 
I  think  becoming  antiquated  and  should  be  reconsidered. 
This  recommendation  is  of  no  earthly  use  to  us  because 
we  do  not  use  this  kind  of  a  connection. 

Mr.  Buckingham: — This  recommendation  is  intended 
to  cover  all  general  applications;  the  y8-in.  taper  pipe- 
thread  is  to  be  used  where  the  flared  tube  union  connec- 
tion is  not  desired.  Provision  can  be  made  easily  for 
tapping  special  gages  to  the  standard  y8-in.  tapped  hole. 

Mr.  Taub: — That  would  raise  the  cost  to  us  about  60 
per  cent.  We  would  rather  design  the  tapped  hole  in  the 
gage  to  fit  the  coupling  and  save  that  cost.  We  are  doing 
it  in  other  units  and  would  want  to  do  the  same  with 
the  gages. 

Mr.  Burnett: — This- recommendation  has  been  con- 
sidered by  the  gage  manufacturers  and,  as  it  met  with 
their  approval,  it  evidently  covers  the  requirements  of 
the  bulk  of  their  production. 

Mr.  Crane:— I  think  that  this  report  should  be  ap- 
proved inasmuch  as  this  flared-type  connection  is  al- 
ready an  S.A.E.  Standard.  Personally  I  do  not  like  it  as 
well  as  the  soldered  union. 

Mr.  Burnett: — This  report  can  be  accepted  and  the 
subject  considered  again  by  the  Division  with  the  view 
perhaps  of  including  the  other  type  of  connection  re- 
ferred to  by  Mr.  Taub. 

Mr.  Buckingham: — When  the  Division  considered 
this  subject  as  much  information  as  possible  was  se- 
cured as  to  the  various  types  of  connections  used.  Prac- 
tically all  that  I  saw  embodied  the  S.A.E.  flared-union 
connection. 

Tractor  Division 

(40)  Tractor  Drawbar  Height 

[This  report  as  printed  on  page  433  was  duly  ap- 
proved, with  the  subject  changed  to  "Tractor  Drawbars" 
and  the  caption  of  Table  18  changed  to  "Tractor  Draw- 
bar Adjustments."] 

Transmission  Division 

(41)  Transmission   Tire-Pump  Mounting    (p.    433) 
[This   report  as  printed   on   page   433   was   duly  ap- 
proved.] 


(42)  Clutch  Facings 

[This  report  as  printed  on  pages  433  and  434  was  duly 
approved.] 

Truck  Division 

(43)  Three-Joint  Propeller-Shafts 

[This  report  as  printed  on  pages  434  and  435  was  duly 
approved.] 

UNACCEPTED 
RECOMMENDATIONS 

Electrical  Equipment  Division 

Generator  Flange  Mounting 

[This  report  .as  printed  on  page  385  was  referred  back 
to  the  Division  for  further  consideration  particularly 
with  reference  to  shaft  diameters.] 

THE  DISCUSSION 

Mr.  Andrew: — The  proposed  change  is  intended  to 
provide  one  armature  shaft-end  that  can  be  used  on  both 
sizes  of  generator,  which  it  seems  desirable  to  be  able 
to  do. 

R.  G.  Thompson: — Some  engine  builders  use  a  No.  1 
generator  size  and  some  a  No.  2 ;  they  have  practically  the 
same  work  to  do.  Heretofore  the  standard  called  for  one 
shaft-end  for  the  No.  1  flange  and  a  different  shaft-end 
for  the  No.  2,  so  that  in  building  a  generator,  one  that 
would  otherwise  be  the  same,  except  for  the  flanges, 
there  are  two  different  types  of  armature  shaft-ends. 
This  recommendation  is  to  make  the  armature-shaft  ex- 
tension the  same  for  the  No.  1  and  the  No.  2  S.A.E. 
Standard  flange.  Another  feature  of  the  recommenda- 
tion is  the  provision  for  a  washer,  which  is  not  included 
in  the  present  standard.  There  is  also  a  minor  change  in 
the  location  of  the  cotter-pin  hole,  so  that  it  will  not 
offset  the  drill  center  in  the  shaft-end. 

C.  Marcus: — As  I  understand  this  recommendation  it 
refers  to  changing  the  length  of  the  threaded  portion  of 
the  armature  shafts  to  include  a  washer  between  the 
pinion  or  sprocket  and  the  clamping  nut.  The  threaded 
portion  of  the  shafts  is  of  the  same  length  as  in  the 
present  standard  but  is  now  made  so  that  a  washer  can 
be  included. 

There  is  a  larger  diameter  of  shaft  in  the  No.  2  flange, 
requiring  a  204  size  bearing,  if  ball  bearings  are  used, 
instead  of  a  203.  That  is,  if  the  bearing  be  the  203  in 
the  No.  1  flange,  it  will  have  to  be  changed  to  the  204 
and  we  will  be  standardizing  a  larger  and  more  expen- 
sive bearing  than  the  smaller  flange  would  warrant.  I 
think  that  is  not  intended. 

Chairman  B.  B.  Bachman: — There  is  %-in.  differ- 
ence in  the  diameter  of  the  shafts  and  the  proposed 
change  in  the  length  will  not  accomplish  the  interchange- 
ability  desired  as  indicated  by  the  discussion. 

Mr.  Crane: — As  I  understand  it,  this  is  a  proposal  to 
permit  of  putting  a  small  flange  on  a  large  generator  and 
a  large  flange  on  a  small  generator.  If  that  is  so,  this 
revision  will  undoubtedly  make  it  somewhat  simpler  for 
the  manufacturer,  even  if  the  shaft  diameters  are  differ- 
ent. Nothing  would  be  different  then  except  the  pinion, 
which  would  be  supplied  by  the  maker  himself  who  de- 
sired such  an  unusual  combination  of  generator  and 
flange  sizes. 

Mr.  Marcus: — If  that  is  the  purpose  of  the  change, 
there  would  not  be  anything  against  it  except  that  it 
would  be  an  unusual  case.  If  it  were  desired  to  use 
ball  bearings,  let  us  say,  in  the  case  of  the  large  flange 
with  the  small  generator  and  small  armature,  there 
would  have  to  be  additional  operations  on  the  large  flange 
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that  would  then  become  non-standard  for  the  smaller 
bearing.  That  would  cause  additional  working  difficulty 
and  overbalance  the  good  effect  to  be  obtain.. i  bj  taking 
care  of  what  I  think  is  a  hybrid  case. 

Mr.  Thompson:  -If  it  were  possible  to  amend  the  re- 
port now  to  provide  for  a  %-in.  diameter  shaft  for  both 
the  shaft  extensions,  we  would  like  to  see  it  done.  If 
that  is  not  possible  here,  I  suggest  that  we  refer  the 
matter  back  to  the  Division. 

Engine  Division 
Engine  Testing  Forms 

[On  page  391  of  the  December  JOURNAL  under  "Specifi- 
cation Sheet  B"  the  second  paragraph  should  read  "Under 
item  No.  '■>-,  Lubricating  System,  Type  and  Description, 
provide  for  recording  Cold  Test  and  the  Sayboll  viscosity 
at  150  and  350  deg.  fahr."  Under  "Log  sheet  C,"  the 
formula  should  read 

blip  B.Hpo        (P,   P0)         (T    T  i 

and  in  the  key  to  abbreviations,  the  words  "of  mercury" 
following  "U.llp .."  should  be  omitted. 

With  the  corrections  indicated  above  this  report  as 
printed  on  pages  390  and  391  was  approved  by  the  Stand- 
ards Committee  but  was  referred  back,  at  the  Society 
meeting,  to  the  Engine  Division  for  further  consideration 
with  relation  to  the  temperatures  specified  for  Saybolt 
viscosity.  ] 

THE  DISCUSSION 

Mr.  Fisher: — The  original  intention  of  the  Division 
was  to  revise  the  S.A.E.  Engine  Testing  Forms  so  that 
the  same  forms  could  be  used  in  testing  practically  all 
types  of  internal-combustion  engine  but  it  was  soon  found 
that  this  was  not  practicable,  and  therefore  only  a  few 
minor  changes  in  our  present  forms  are  now  recom- 
mended. 

In  connection  with  specifying  350  deg.  fahr.  for  the 
viscosity  test  it  was  assumed  that  this  represents  ap- 
proximately the  temperature  of  the  cylinder  wall  and  the 
sole  object  in  including  it  in  the  form  is  to  enable  engine 
builders  to  make  intelligent  comparisons  of  the  same  en- 
gine on  tests  conducted  in  different  laboratories  or  at 
different  times.  The  viscosity  of  the  oil  is  a  considerable 
factor  in  determining  the  friction  horsepower  of  the  en- 
gine and  thus  it  is  a  factor  in  determining  the  brake 
horsepower.  The  150-deg.  fahr.  temperature  was  taken 
as  a  fair  temperature  for  crankcases,  particularly  for 
heavy-duty  engines,  and  is  intended  for  the  same  pur- 
pose as  the  350-deg.  record. 

A.  C.  Brown: — The  Bureau  of  Standards  recommends 
that  no  other  temperatures  should  be  used  than  100,  130, 
and  210  deg.  fahr.,  as  adopted  by  the  Committee  on  the 
Standardization  of  Petroleum  Specifications  and  the 
American  Society  for  Testing  Materials.  The  proposed 
temperature  of  350  deg.  is  especially  undesirable  because 
at  this  temperature,  using  the  Saybolt  Universal  viscosi- 
meter,  all  oils  would  appear  to  have  practically  the  same 
viscosity. 

Mr.  Fisher: — That  point  was  considered  by  the  Divi- 
sion. It  seemed  to  be  the  consensus  of  opinion  that  150 
deg.  is  nearer  the  crankcase  temperature  than  130  deg., 
particularly  in  the  heavy-duty  engines.  I  know  from  ex- 
perience that  it  is  not  uncommon  in  the  heavy-duty  en- 
gines to  find  the  crankcase  temperature  as  high  as  180 
deg.  In  passenger-car  engines  a  temperature  of  about 
130  deg.  is  reached  in  the  actual  operating  conditions. 

P.  J.  DaSEY: — The  temperatures  recommended  are  the 
ones  at  which  the  engines  operate  under  maximum  work- 
ing conditions,  and  it  seems  to  me  that  we  should  have 


some  point  at  which  the  viscosity  should  be  determined 
for  these  working  temperatures.  1  feel  that  the  tempera- 
tures of  100.  ISO,  an. I  210  deg.  fahr.  were  set  at  a  time 
when  thej  were  considered  for  the  lubrication  of  other 
than  internal-combustion  engines,  and  that  they  do  not 
mean  very  much  to  us  in  our  engine  practice  unless  we 
have  Some  means  of  checking  the  viscosities  under  con- 
ditions more  nearly  approaching  those  under  which  we 
operate. 

If  we  can  get  a  value  at  the  working  temperature, 
or  something  approximating  it,  we  will  be  able  to  make 
direct   comparisons  of  our  data  at  operating  conditions. 

.Mi;.    MOUGEY:      It    is   my    understanding   that    the   Na- 
tional Petroleum  Association  has  agreed  to   follow  the 
American  Society  for  Testing  Materials  in  the  natter  of 
pc,  ideations  for  oil.     There  has  been  a  big  difference  of 

nion  on  oils  and  methods  of  testing  them  and  1  think 

it  is  very  desirable  to  have  the  methods  as  nearly  stand- 
ard as  possible.  The  oil  that  is  used  in  the  engine  is 
not.  of  course,  the  original  oil  put  into  the  engine  because 
nf  crankcase  dilution,  which  changes  the  viscosity  con- 
siderably, especially  on  the  cylinder  walls  where  the  di- 
lution is  high.  This  viscosity  may  be  related  in  no  way 
to  the  viscosity  of  the  original  oil.  For  that  reason  it 
seems  to  me  that  a  standard  metRod  of  describing  the  oil, 
such  as  that  of  the  American  Society  for  Testing  Mate- 
rials, is  preferable  to  a  method  that  tries  to  meet  engine 
conditions  that  are  not  and  perhaps  cannot  be  known. 

Mr.  Dasey:— There  is  a  very  large  difference  in  oils 
of  different  bases.  We  all  know  that  asphalt ic-base  oils 
are  very  much  more  viscous  than  paraffine-base  oils  when 
cold,  but  at  high  temperatures  they  are  not  as  viscous 
as  paraffine-base  oils.  Unless  we  have  a  range  of  vis- 
cosity figures  that  will  show  the  decrease  of  viscosity  of 
the  different  grades  of  oil,  we  are  not  in  position  to  make 
a  proper  selection  cf  oils.  While  it  is  true  that  there  is 
considerable  dilution  in  the  application,  depending  upon 
the  type  of  engine,  the  manifolds  and  other  factors,  it 
seems  logical  that  we  should  have  some  fixed  method  of 
determining  the  value  cf  the  oil  under  operating  condi- 
tions. 

Chairman  Bachman:— While  it  is  true  that  other 
organizations  have  outlined  specifications  dealing  with 
the  determination  of  viscosity  of  oils,  the  Division  has 
had  something  else  in  mind.  Mr.  Fisher  summed  up  the 
matter  rather  clearly  when  he  said  that  the  purpose  in 
putting  this  information  on  the  testing  forms  is  to  pro- 
vide for  recording  engine-testing  data  that  will  permit  of 
directly  comparing  engine  tests.  Whether  this  will  ac- 
complish the  desired  results  may  be  open  to  a  difference 
of  opinion. 

Mr.  Crane: — It  is  proposed  to  measure  the  viscosity  at 
350  deg.  fahr.  as  representing  somewhere  near  operating 
engine  temperatures.  The  measurement  of  viscosity  at 
this  temperature  is  very  difficult  and  uncertain,  and  I  am 
convinced  from  my  own  experience  and  that  of  oil  men 
that  viscosity  measured  at  100,  130,  and  210  deg.  fahr., 
which  are  the  present  standard  temperatures,  will  accom- 
plish the  same  purpose.  There  is  very  little  use  of  putting 
something  on  the  engine  test  sheets  and  encouraging 
some  of  our  members  to  think  it  is  a  feasible  measure  if 
we  know  very  well  that  it  is  not. 

PROGRESS  REPORT 

Tire  and  Rim  Division 
Pneumatic  Tires  and  Rims 

[This  report  as  printed  on  pages  432  and  433  was 
presented  and  considered  as  one  of  progress  only.] 
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j  G  Vincent:— I  wish  to  make  a  statement  about 
the 'Tire  and  Rim  Division  report,  because  it  has  been 
before  us  for  some  time,  and  we  have  not  made  apparently 
the  progress  we  should  have  made.  This  matter  came 
up ^ven  definitely  at  a  Summer  Meeting  of  the  Society 
at  Ottawa  Beach. 

At  that  time  some  of  the  members  of  the  Rubber  Asso- 
ciation of  America  had  in  mind  some  rather  radical  re- 
visions of  the  tire  standards  and  to  find  out  quickly  what 
the  consensus  of  opinion  was  among  the  tire  manufac- 
turers. I  took  it  upon  myself  to  write  the  presidents  of 
the  various  tire  companies.     This  eventually  resulted  in 
he  meet-ng  in  Cleveland  in  November,  1920,  at  which  the 
matter   was   thoroughly   discussed.     It  was   made   very 
clear  at  that  time  that  radical  revision  of  the  pneumatic- 
tire  standards  was  not  wanted.     It  was,  however,  rec- 
ommended at  that  meeting  that  a  committee  be  appointed 
bv  the  Societv.  with  members  representing  the  Society 
the   Rubber   Association   and   the   National    Automobile 
Chamber  of  Commerce,  to  study  this  matter  from  vari- 
ous   points    of    view,    engineering,    economic    and    com- 
mercial. +■  Ti    \r 
A  committee  was  dulv  appointed,  consisting  ot  H    M. 
Crane  and  myself,  representing  the  Societv;  Mr   Jiles, 
of  the  Rubber  Association,  and  H.  H.  Rice,  of  the  Na- 
tional Automobile  Chamber  of  Commerce.     After  going 
into  the  subject  carefully,  it  became  clear  to  us  that  what 
wi  wanted!  and  the  only  practical  thing  that  cou  1c I  be 
accomplished  at  the  time,  was  to  revise  the  S.A.E   Stand- 
ards in  a  very  modest  way.     We  prepared  a  report  and 
submitted  it  to  the  Rubber  Association,  and  after -mak- 
ing a  few  suggested  changes,  it  was  approved.    We  were 
a  ?ured  that  the  National  Automobile  Chamber  of  Com- 
n™  would  approve  it  and  it  was  therefore  printed  in 
the  December  issue  of  The  Journal  for  presentation  at 

this  meeting.  v,™ ,.;,-, cr 

Since  it  was  printed,  however,  some  matteis  bearing 
upo  t  have  come  up  within  the  Rubber  Association  and 
we  were  waited  upon  by  a  committee  this  morning  corn- 
Dosed  of  Messrs.  Allen,  Hale  and  Thacher,  who  told  us 
tha fit  was  then-  opinion  that  it  would  be  a  mistake  for 
us  to  pass  upon  this  report  for  a  standard  today  because 
thev  elt  that,  while  it  was  substantially  correct,  they 
would  be  able  within  the  next  few  weeks  to  give  us  some 
definite  recommendations  in  line  with  this  report,  but 
with  a  few  modifications  that  they  think  should  be  made 
They  also  said  that  these  recommendations  will  embody  a 
standard  that  can  be  maintained  without  further  changes 
for  some  time  to  come. 

Air  Clarkson,  Mr.  Crane  and  I  considered  the  mattei 
but  were  unable  to  confer  with  Mr.  Rice.  We  under- 
stand that  Mr.  Viles  concurs  in  the  recommendation  of 
nis  committee  that  waited  upon  us  and  we  have  decided 
that  it  would  be  wise  to  withdraw  this  report  at  this 
ime  with  the  distinct  understanding  that  we  will  get  co- 
operation from  the  tire  and  rim  interests,  and  that  we 


will   have  something  definite  to  report  at  the   Summer 
meeting  of  the  Society. 
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Harmony  in  Car  Upholstery 
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\\\i   \i.   Mm  ping    Papeb 


TAKING  the  artist's  viewpoint,  the  a 
on  the  subjects  of  color,  color  harmony  and  the 
psychological  effects  of  color,  as  a  prelude  to  a  dis- 
-ion  of  how  the  decoration  of  car  interiors  can  be 
made  most  effective,  this  being  necessary  because  of 
the  elusive  quality  of  good  taste,  a  quality  of  appraisal 
rather  than  one  of  creation,  and  because  esthi 
depends  upon  the  degree  of  mental  development  of  the 
individual,  although  possessed  in  some  di  all. 

The  primary,  secondary  and  complementary  colors 
are  denned  and  their  mode  of  selection  is  described  pre- 
liminarily to  a  consideration  of  color  values  and  the 
selection  of  the  most  effects  ition 

of  these  principles  being  made  thereafter  to  the  dei 
tion  of  car  interiors,  inclusive  of  comments  on  the  n 
suitable  fabrics  and  patterns.     The  author  believes  that 
color  will  be   considered   eventually    in    tin    automotive 
industry  as   being  on   an    equal   plane    with    lines    and 
form. 

HARMONY  in  car  upholstery  is  a  subjeel  closely 
allied  to  color  harmony  in  general;  however,  the 
decoration  of  car  interiors  is  a  new  art  in  the 
sense  that  it  is  an  old  art  newly  applied.  A  car  interior 
requires  different  treatment  from  that  accorded  a  house 
interior;  in  fact,  we  must  approach  the  subject  from  an 
entirely  different  angle  because  of  its  more  or  less  pub- 
lic nature.  Furthermore,  owing  to  quantity-production 
methods  that  have  made  possible  the  extensive  use  of  the 
closed  car,  it  was  essential  in  the  past  to  exert  extreme 
caution  in  designing  fabrics  for  car  builders  that  would 
prove  acceptable  to  the  greatest  number  of  different  per- 
ilities.  The  result  caused  restraint  in  conception  to 
be  the  guiding  rule.  Unfortunately,  this  principle  was 
not  always  recognized.  The  interior  of  a  car  has  been 
treated  at  times  as  a  piece  of  furniture  to  be  upholstered 
boudoir  with  satins  and  hand-made  lace,  and  all  too 
often  as  a  signboard  whereon  to  write  in  blazing  colors 
and  patterns  someone's  ostentatious  bad  taste.  It  is  time 
for  a  return  to  first  principles.  Good  taste  is  an  elusive 
quality,  one  of  appraisal  rather  than  of  creation.  The 
color  scheme  is  the  prime  consideration  in  the  correct 
decoration  of  motor-car  interiors.  The  fabrics  to  be 
used  are  of  importance  also,  but  I  will  discuss  the  sub- 
ject of  color  first. 

In  a  broad  sense  color  includes  light  and  shade,  and  it 
is  synonymous  with  light.  It  is  safe  to  say  that  no  sub- 
ject has  been  more  abused  than  color  and  I  shall  en- 
deavor to  clarify  the  entire  subject  of  color  harmony,  or 
at  least  to  convey  a  rudimentary  knowledge  of  the  sub- 
ject so  that  the  underlying  principles,  as  applied  to  car 
interiors,  can  be  understood. 

The  chief  use  of  color  is  to  beautify  and,  by  its  har- 
mony, to  appeal  to  the  esthetic  instinct.  I  believe  that  all 
persons  possess  esthetic  taste,  at  least  to  a  slight  degree. 
We  all  know  that  taste  is  a  matter  of  mental  develop- 
ment. For  instance,  the  child  and  the  savage  naturally 
prefer  gaudy  brilliant  colors,  but  more  mature  and  re- 
fined persons  prefer  somewhat  subdued  shades  and  tints. 
Many  persons  possess  a  natural  color-sense.  However, 
color  knowledge  is  attained  easily  in  sufficient  measure 
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to  enable  one  to  determine  readily  which  colors  arc  har- 
monious and  which  are  not. 

i  hi  or  Harmony 

Science  maintains  and  proves  every  day  that  the  or- 
derly separation  and  coordination  of  simple  facts  will  re- 
duce the  mysteries  of  yesterday  to  commonplace  simplic- 
Let  us  see  what  can  be  done  toward  simplifying 
the  language  of  color  and  to  define,  in  a  measure,  color 
harmony  and  its  psychology. 

We  have  the  three  pure  colors  of  red,  yellow  and  blue, 
as  the  basis  of  all  other  colors;  they  are  elements  in 
themselves,  and  cannot  be  produced  by  mixture.  Ac 
cordingly,  they  are  called  primary  colors;  each  of  them 
in  its  full  intensity  differs  widely  from  the  others  in 
tone  and  quality.  A  number  of  other  colors  are  in  the 
spectrum  and  are  termed  binary  or  secondary  colors, 
They  are  formed  by  mixing  equal  parts  of  two  primary 
colors.  For  instance,  when  we  mix  equal  parts  of  red 
and  yellow,  we  produce  a  binary  color,  orange;  yellow 
and  blue  mix  to  form  the  binary  color,  green;  and  blue 
and  red  mingle  into  the  binary  color,  violet,  thus  com- 
pleting the  circle.  We  now  have  six  colors  and  have 
widened  the  field  considerably. 

In  the  application  of  colors  to  decorative  design,  the 
binary  or  secondary  colors  are  vastly  more  interesting 
than  the  primary  colors.  Any  color  with  two  component 
parts  is  more  interesting  than  a  purely  elemental  color. 
For  instance,  orange  has  greater  decorative  value  than 
either  yellow  or  red,  green  has  more  "quality"  than  either 
blue  or  yellow  and  violet  is  decidedly  more  interesting 
than  either  red  or  blue.  Like  the  primary,  the  secondary 
colors  can  be  combined  effectively  with  any  or  all  of  the 
neutral  tones,  white,  black  or  gray.  It  is  possible  also 
at  this  stage  to  harmonize  colors  by  using  complementary 
or  opposite  colors. 

Complementary  colors  are  those  which,  if  all  color-; 
were  arranged  around  the  circumference  of  a  circle  in 
proper  order,  would  be  exactly  opposite  the  primary 
colors;  in  other  words,  by  drawing  a  line  from  the  red 
through  the  center  of  the  circle,  we  would  find  that  green 
is  the  complementary  color.  A  primary  and  a  comple- 
mentary color  form  the  strongest  possible  contrast  to 
each  other.  It  is  not  possible  to  find  a  color  more  differ- 
ent from  red  than  green;  they  have  nothing  in  common. 
However,  these  same  colors  have  the  peculiar  power  to 
enhance  each  other  when  placed  side  by  side.  Each  seems 
to  gain  strength.  A  red  apple  looks  redder  when  it 
nestles  among  the  green  leaves  and  the  leaves  look 
greener  near  the  red  apple.  Another  peculiar  thing  about 
the  complementary  colors  orange  and  blue,  yellow  and 
violet  and  red  and  green,  is  the  fact  that  they  destroy 
each  other  when  mixed  together  as  in  paints.  A  mix- 
ture of  equal  parts  of  any  two  complementary  colors  pro- 
duces a  neutral  gray. 

Color  Psychology 

To  appreciate  color  harmony,  it  is  necessary  to  know 
something  of  the  psychology  of  color  and  the  influence 
it  exerts  upon  the  emotions.  It  is  a  well-established  fact 
that  the  entire  personality  is  stimulated  or  depressed  by 
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colors,  and  very  many  data  are  available  on  the  effects  of 
visual  color-stimulus  upon  the  blood  pressure,  upon  mus- 
cular, mental  and  nervous  activity  and  upon  the  mood, 
and  these  effects  are  evident  in  many  ways. 

The  esthetic  significance  of  color  was  recognized  many 
centuries  ago ;  in  fact,  much  of  the  psychology  of  color 
appears  in  mythology.  Xenophon  reports  a  conversation 
between  Socrates  and  Parrhasius  in  which  the  esthetic 
value  of  color  is  shown  to  have  been  appreciated  by  the 
early  Greeks.  Plato  also  discusses  the  beauty  and  sym- 
bolism of  color  and  reveals  his  acquaintance  with  its 
ability  to  excite  emotional  response.  The  influence  of 
color  is  positive,  and  so  is  the  difficulty  to  analyze  it. 
Has  not  everyone  felt  the  influence,  the  purity  of  freshly 
fallen  snow  and  experienced  a  feeling  of  resentment  or 
guilt  when  this  beautiful  white  cloak  is  wantonly  soiled 
or  disturbed? 

The  meaning  of  colors,  their  language,  already  is  es- 
tablished by  common  consent  throughout  the  ages.  We 
cannot  ignore  it.  Not  all  can  understand  the  causes  of 
some  of  their  sensations  of  happiness  or  comfort,  but 
many  of  them  are  definitely  traceable  to  the  proper  use 
of  color.  The  recognition  of  beauty  of  color  and  the  finer 
feeling  toward  colors  are  dependent  in  large  measure 
upon  the  taste  of  the  beholder.  To  repeat,  taste  is  largely 
a  matter  of  mental  development.  The  eye  loves  color. 
Whether  conscious  of  it  or  not,  all  people  react  or  re- 
spond to  the  influence  of  color.  Color  has  power  to  at- 
tract attention,  to  stimulate  emotion,  to  animate  and 
cheer  or  to  quiet  and  depress. 

Color  is  not  as  well  understood  as  it  should  be  for  the 
reason  that  artists  have  maintained  it  as  their  own  pri- 
vate preserve.  They  built  a  barbed-wire  fence  about  it 
and  put  up  a  sign  reading,  "Thou  shalt  not  trespass." 
They  contend  that,  aside  from  a  few  general  principles 
of  color  harmony,  the  realization  of  satisfactory  color  ar- 
rangements depends  on  esthetic  instinct. 

The  phase  of  color  study  which  the  charts  cannot 
touch  is  a  kind  of  inner  shrine  that  we  may  term  its 
psychology.  Wholly  apart  from  color  sources,  dimen- 
sions or  harmonies,  what  are  the  effects  different  colors 
exert  on  personal  feelings  and  emotions?  Why  do  we 
feel  cheered  and  enlivened  by  light  tones  of  color  and 
depressed  by  the  darker  tones?  Why,  for  instance,  is 
red  a  more  exciting  color  than  blue?  Why  do  we  speak 
of  colors  as  warm  or  cold  when  there  is  no  physical  sen- 
sation of  heat  or  cold?  Why  are  orange,  yellow  and  red 
called  advancing  colors  and  blue  and  violet  termed  re- 
treating colors?  All  these  and  many  other  questions 
are  answered  in  the  study  of  color  psychology. 

It  has  been  known  for  centuries  that  colors  are  either 
warm  or  cold,  and  scientists  have  established  definitely 
that  some  colors  are  retiring  an  others  are  advancing. 
Colors  are  either  stimulating  or  depressing,  as  well  as 
either  warm  or  cold.  It  is  seen  readily,  when  looking  at 
the  spectral  band,  that  colors  on  the  red  side  are  warm 
and  the  colors  on  the  blue  side  cold.  We  think  of  sun- 
shine as  being  warm.  Yellow  is  the  color  of  the  sun ; 
hence,  a  tint  or  shade  containing  yellow  is  called  a  warm 
tint  or  shade.  It  gives  us  the  feeling  of  vitality  and 
warmth.  It  is  the  symbol  of  action,  of  courage.  Red 
stimulates  and  excites.  When  we  are  stirred  with  strong 
emotion,  such  as  anger,  bashfulness  or  hatred,  the  red 
blood  leaps  from  our  hearts  and  flames  in  our  cheeks. 
Red  is  far  more  attractive  than  yellow  and  is  conducive 
to  the  thought  of  heat,  an  element  that  is  lacking  in  yel- 
low. Who  has  not  felt  the  cockles  of  his  heart  warm  and 
expand  before  an  open  fire?  In  a  room  otherwise  dark 
and  gloomy,  it  seems  a  living  thing.    Gilbert  K.  Chester- 


ton expresses  our  attitude  toward  an  open  fire  in  these 
characteristic  words : 

A  queer  fancy  seems  to  be  current  that  an  open  fire 
exists  to  warm  people!  It  exists  to  warm  their  hearts, 
to  light  their  darkness,  to  raise  their  spirits,  to  cook 
their  chestnuts,  to  tell  stories  to  their  children,  to 
make  checkered  shadows  on  their  walls  and  to  be  the 
red  heart  of  a  man's  house  and  hearth,  for  which,  as 
the  great  heathen  said,  "a  man  should  die." 

Color  Values 

Red  is  a  warm  color  of  great  power.  Yellow,  orange, 
the  browns  and  their  neighboring  hues  and  tints  are 
warm  colors.  All  of  the  brighter  colors  are  symbols  of 
light  and  warmth  and  in  this  sense  yellow  is  gaudy,  gay 
and  enlivening,  and  naturally  emblematical  of  the  sun. 

Blue  logically  is  associated  with  serenity,  sedateness 
and  cold  calmness,  and  probably  has  been  so  associated 
through  centuries  of  contemplation  of  the  sky  or  heavens. 
Due  to  its  being  the  color  of  the  sky,  it  is  characterized 
as  dignified  and  soothing.  It  signifies  melancholy  as  well 
as  sedateness.  Blue  is  everything  that  yellow  and  red  are 
not.  It  is  quiet,  reserved  and  cold.  We  speak  of  the  icy- 
blue  stillness  of  the  Far  North,  of  cold  steely  blue  eyes 
and  of  having  the  "blues"  when  we  are  conscious  of  a 
lack  of  enthusiasm  over  life's  affairs.  In  fact,  coldness 
is  the  outstanding  feature  of  blue  and  is  communicated 
in  varying  degrees  by  all  colors  that  contain  blue  com- 
ponents. 

The  cold  colors  are  predominantly  restful.  However, 
they  may  be  either  agreeable  or  disagreeable.  Their  as- 
sociations determine  their  agreeableness  and  these  gen- 
erally operate  through  sub-conscious  channels.  The  war 
colors  generally  are  stimulating.  But,  as  there  are  vari- 
ous degrees  of  stimulus,  the  warmer  color  also  may  be 
either  agreeable  or  disagreeable. 

Just  why  certain  combinations  of  color  are  pleasing 
and  others  disagreeable,  or  even  shocking,  it  is  difficult 
to  say.  The  question  can  be  answered  by  stating  that  the 
combination  is  either  harmonious  or  discordant.  Har- 
mony is  merely  a  pleasing  arrangement  of  colors ;  this  is 
analogous  to  harmony  in  music,  which  is  produced  by 
pleasing  arrangement  of  musical  notes.  In  music,  we 
know  that  rythmic  experiences  or  sounds  are  much  more 
agreeable  than  those  which  are  non-rythmic.  We  must 
apply  the  same  sort  of  rule  to  color.  As  an  art,  color- 
ing is  on  an  equal  plane  with  music.  However,  as  an 
exact  science,  music  is  far  in  advance. 

Color  Schemes 

It  is  a  well-established  fact  that  the  eye  is  pleased 
with  a  group  of  colors  that  show  all  of  the  primary 
colors  in  at  least  some  degree.  In  color  sensations  the 
presence  of  all  three  colors  appears  to  complete  the  color 
circuit.  It  is  very  difficult  to  explain  this,  and  it  must 
be  accepted  as  a  fact.  As  an  instance,  doubtless  every- 
one has,  at  some  time  or  other,  tried  the  experiment  of 
gazing  intently  at  a  round  disc  of  strong  red  on  a  white 
background.  If  the  red  disc  is  suddenly  removed  and  one 
continues  to  gaze  at  the  white  background,  a  green  disc 
will  appear.  Green  is  a  combination  of  yellow  and  blue. 
The  eye  has  supplied  the  complement  to  the  color  that 
so  filled  it  a  moment  before,  proving  that  certain  colors 
seem  to  call  for  or  demand  certain  other  colors. 

Color  harmony  cannot  be  achieved  by  selecting  any  two 
or  more  colors  from  the  spectrum  at  random.  It  is  es- 
sential that  the  colors  chosen  be  at  equal  intervals  from 
each  other.    We  find,  here,  an  analogy  in  music. 

Two  harmonious  colors  can  be  chosen  from  a  color  cir- 
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cle  by  selecting  two  complementary  colors  as  has  been 
described;  that  is,  two  colors  exactly  opposite  to  each 
other  on  the  color  circle  are  harmonious.  1  will  now 
describe  how  to  locate  three-color  han  iy   using 

an  equilateral  triangle  to   insure  an  equal   interval 
tween  thi  teps.     [f  we  place  the  triangle  with  the 

apex  at  yellow,  the  other  two  angles  will  locate  the  other 
colors  in  the  color  scheme,  red  and  blue;  and  in  traveling 
around  the  color  circle,  we  locate  the  secondary  and  the 
neighboring  colors.  Having  a  proper  regard  for  area,  the 
three  colors  in  each  group  can  be  used  together  in 

hue  and  luminosity  of  each  color,  in  any 
value  or  intensity,  and  with  gray,  white  or  black,  and 
can  be  depended  upon  to  produce  harmony.  Howe 
do  not  misunderstand  me;  the  primary  and  secondary 
colors  located  by  this  simple  method  would  not  he  suit- 
able for  use  in  closed-car  interiors. 

Another  method  of  arriving  at  a  color  scheme  that 
combines  all  the  primary  colors  but  in  far  more  subtle 
proportions  is  by  varying  the  interval.  Just  as  there 
are  different  intervals  in  musical  harmony,  the  majors 
and  the  minors,  there  are  different  intervals  in  color  har- 
mony. This  gives  us  what  is  termed  a  split  complement. 
The  three  points  of  this  triangle  can  be  made  to  travel 
around  the  color  circle  and  locate  the  different  split  com- 
plements. These  combinations  contain  also  all  of  the  ele- 
ments of  the  straight  complement  or  all  of  the  primary 
colors;  but  they  are  present  in  different  proportions. 

Decoration  of  Car  Interiors 

It  cannot  be  emphasized  too  strongly  that,  in  the  nat- 
ural expression  of  refined  taste,  the  purer  color  must  be 
used  sparingly  and  with  great  care.  The  tints  and  shades 
or  tones  are  to  be  favored.  The  chief  function  of  the 
purer  colors  is  emphasis  only  or,  if  one  can  so  refer  to  it, 
the  purer  colors  are  for  punctuation  only.  While  it  is 
agreed  by  most  students  that  complementary  colors  are 
harmonious,  there  are  certain  conditions  that  must  be 
considered,  chief  among  which  is  area.  For  instance, 
green  is  the  complementary  of  red.  For  certain  purposes 
this  combination  is  an  excellent  one.  When  applying  it 
to  a  closed-car  interior,  we  must  neutralize  the  dominant 
hue.  Professor  Munsell  has  compiled  a  color  chart  which 
shows  that  red  is  twice  as  strong  as  green  in  what  he 
terms  "chroma."  In  this  instance,  we  will  regulate  the 
area ;  so  that  our  dominant  color  is  green  and  consider- 
ably lowers  the  value  of  the  red  by  darkening  it.  The 
green  itself  might  well  be  grayed,  preferably  to  an  olive, 
and  we  then  find,  in  applying  the  two  complementary 
colors  to  a  closed-car  interior,  that  the  color  scheme  has 
worked  out  to  an  olive-green  cloth  with  a  maroon  stripe. 
It  is  a  combination  that  is  suggestive  of  spring  and  of  the 
garb  of  nature  and  is  representative  of  life,  youth  and 
freshness;  a  combination  of  warm  and  cold  colors  that 
is  agreeable  and  restful,  since  the  maroon  stripe  supplies 
sufficient  life  to  tone-up  the  combination. 

In  passing  it  may  be  well  to  remark  that  nature  sup- 
plies a  wealth  of  harmony  which  must  be  studied  to  be 
appreciated.  The  student  will  observe  quickly  that  nature 
employs  a  relatively  small  amount  of  pure  colors.  Even 
the  beautiful  sunsets  are  devoid  of  pure  colors;  all  of 
the  beautiful  effects  arise  from  ever-changing  combina- 
tions of  tints  and  shades. 

A  point  to  be  borne  in  mind  in  regard  to  harmony  in 
car  upholstering  is  the  fact  that  the  less  obvious  the 
color  element  is,  the  more  quality  the  different  tones 
possess.  This  is  applicable  equally  to  color  harmony  in 
other  fields. 

The  warmer  tones  are  to  be  preferred  for  use  in  n 


closed  car  as  againsl  the  colder  tones.  By  those  who 
have  understood  ei  t.  the  warmer  tints  have  been 

ted  with  a  view  to  making  the  interior  cheerful  and 
inviting  in  its  appeal,  and  to  make  it  as  pleasant  as  a 
well-appointed    drawing-room    in    its    season    of    greatest 

usefulness,  winter.    The  same  interior  can  be  made  cool, 

quiet  and  restful  during  summer,  by  the  use  of  slip- 
COVers  having  a  color  scheme  based  upon  the  cold  side  of 
the  color  circle.  Slip-covers  serve  other  purposes,  chief 
among  which  is  the  protection  of  the  upholstery  from 
dust  and  dirt  dining  periods  in  which  the  windows  fre- 
quently  are   lowered   when   driving. 

\  -i  ill  different  kind  of  color  harmony  that,  I  am  sorry 
to  say,  is  extremely  popular  with  many  car-builders,  is 
what  is  termed  a  mono-chromatic  group.  This  is  made 
up  of  two  or  more  tones  of  the  same  color.  It  is  the  most 
unobtrusive  and  conservative  harmony  scheme  possible. 
It  is  always  safe,  1'iit  seldom  interesting.  There  is,  how- 
ever, an  even  more  severe  treatment,  that  of  employing  a 
single  solid  tone.  This  practice  requires  painstaking 
care  in  the  selection  of  laces,  curtains,  curtain  cords  and 
other  trimming  accessories  to  insure  perfect  matching. 
I  have  seen  some  excellent  examples  of  this  type  in  the 
products  of  custom  body-builders,  but  I  do  not  commend 
its  use  to  large  manufacturers.  This  treatment  would 
not  wear  well  with  some  personalities;  it  would  become 
extremely  monotonous  and  probably  tiresome. 

In  the  mono-chromatic  harmonies,  those  employing  two 
or  more  tones  of  the  same  color  and  any  other  schemes 
except  the  solid  tone,  it  is  possible  to  give  the  interior 
that  natural  balance  of  light  over  darkness  that  is  con- 
sidered of  prime  importance  in  all  decorative  fields.  In 
this  case  the  floor  covering  would  be  of  the  darkest  shade, 
the  body  cloth  a  trifle  lighter,  and  the  trimmings  and  head 
lining,  if  one  is  used,  of  a  still  lighter  shade.  In  interiors 
of  this  nature  it  is  possible  to  make  the  color  scheme  in- 
teresting by  the  use  of  one  or  more  bright  spots  such  as 
an  enameled  handle  or  vanity  case,  or  by  using  other  inte- 
rior fixtures.  This  should  be  of  a  color  complementary 
to  the  dominant  color.  If  we  must  have  mono-chromatic 
car-interiors,  let  us  at  least  liven  them  up.  If  we  insist 
that  the  cloth  manufacturer  supply  us  with  fabrics  con- 
taining two  or  more  neutral  shades,  then  let  us  save  the 
interior;  let  us  liven  it  up  by  the  intelligent  use  of  spots 
of  color  in  the  other  interior  fittings. 

I  wish  to  urge,  however,  that  we  be  reasonable.  Judg- 
ing from  the  descriptions  I  have  read  of  the  cars  shown 
at  the  recent  Paris  Salon,  our  European  friends  have 
achieved  some  remarkably  grotesque  discords  in  this 
line;  apparently,  this  is  a  reaction  from  the  recent  war. 
Some  of  the  cars  shown  must  have  been  extremely  ludi- 
crous; nevertheless,  we  can  learn  much  from  the  Euro- 
peans. Not  all  of  their  creations  are  to  be  classed  as 
freakish ;  in  fact,  all  Latins  are  more  artistic  than 
Saxons,  as  a  rule  and,  generally,  they  are  much  more 
fond  of  color. 

Fabrics 

There  are  three  general  types  of  fabric,  cotton,  wool 
and  mohair.  Of  the  first,  cotton,  little  need  be  said. 
Cottons  are  used  generally  in  the  cheaper  cars  only,  al- 
though the  cotton  velours  had  an  extensive  run  in  the 
medium-grade  cars  during  the  war  period,  as  did  the 
cheaper  cottons  also.  These  velours,  while  giving  a  rich 
luxurious  effect,  are  not  as  serviceable  as  mohairs  or 
woolens.  The  mohairs  woven  from  the  hair  of  the  angora 
goat  are  extremely  serviceable  and  have  enjoyed  several 
years  of  popularity.  But  the  fabric  that  seems  to  be  the 
most  desirable  from  all  angles  of  style,  wearing  quality 
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and  appropriateness  is  the  various  kinds  of  woolen  cloths. 
They  vary  in  weaves  and  weights  and  a  particular  type 
can  be  found  for  any  upholstery  purpose. 

A  point  to  be  borne  in  mind  when  selecting  fabrics  is 
that  any  pronounced  figure  will  soon  grow  extremely  tire- 
some. The  eye  requires  complete  rest  in  a  closed  car, 
rest  from  the  continuous  motion  outside.  The  influence 
of  the  interior  should  be  one  that  is  felt  rather  than  seen ; 
for  this  reason  the  brocades,  tapestries  and  chintzes,  or 
other  furniture  upholsteries,  have  no  place  in  the  cor- 
rectly appointed  motor-car.  The  pattern  should  be  small 
and  unobtrusive  and  appear  in  the  body  lining  only. 

Some  manufacturers  have  experimented  extensively 
with  woolen  cloths  and  today  are  weaving  a  cloth  on 
looms  especially  designed  for  automobile  fabrics.  Spe- 
cial finishing  machinery  has  been  built  to  impart  a  broad- 
cloth finish  to  all  woolen  cloths.  A  fabric  that  promises 
to  become  extremely  popular  is  the  new  worsted  cloth. 
Some  of  this  is  all  worsted,  and  some  grades  are  only 
worsted-faced.  These  cloths  trim  well  and  have  unusual 
wearing  qualities.  Another  new  fabric  that  has  great 
promise  is  the  mohair  sateen,  a  fiat  woven  mohair.  This 
;an  be  made  in  a  wide  variety  of  shades  and  various  pat- 
terns and,  strange  as  it  may  sound,  it  is  guaranteed  by 
:he  manufacturer  to  outwear  the  car. 

In  conclusion,  I  want  to  enter  a  plea  for  more  color; 
nore  color  in  the  interior  and  more  color  in  the  exterior. 


We  literally  have  worked  the  funereal  color,  black,  to 
death.  For  years  we  have  painted  the  majority  of  our 
cars  black.  We  have  had  too  much  of  it.  We  should 
brighten  the  cars  with  color.  As  a  result  of  the  continued 
practice  of  using  black,  we  have  killed  many  an  owner's 
pride  in  his  car.  When  one  drives  home  in  a  new  car  in 
these  days,  it  is  impossible  to  feel  that  one  is  creating 
any  stir  in  the  neighborhood.  In  fact,  one's  neighbor  is 
very  apt  to  remark  over  the  back  fence,  "I  see  you  got  the 
old  bus  washed  up." 

Recently,  while  in  Havana,  I  was  very  agreeably  sur- 
prised to  note  the  difference  in  the  appearance  of  a  long 
line  of  automobiles  from  that  noticeable  here.  Every  car 
in  the  line  was  clean  and  shiny  and  fully  half  of  the  cars 
were  painted  in  colors  other  than  black.  They  are  very 
fond  of  color  in  Cuba  but,  to  be  frank,  they  know  how  to 
use  it.  A  parade  of  automobiles  in  Havana  is  an  inter- 
esting thing  to  watch. 

Much  attention  has  been  devoted  in  the  automotive 
industry  to  the  subjects  of  line  and  form.  Color  has  not 
yet  played  a  leading  part  but,  sooner  or  later,  color  will 
come  into  its  own  and  be  on  an  equal  plane  with  line  and 
form.  When  this  occurs  and  the  automotive  industry 
comes  to  an  appreciation  of  the  commercial  value  of 
beauty  in  color,  we  will  find  that  color  will  not  only  sup- 
ply the  atmosphere  and  the  drapery,  but  play  a  dominant 
role. 


THE  THOMPSON  AUTORIFLE 


THE  development  of  a  semi-automatic  self-loading  mili- 
tary rifle,  weighing  less  than  10  lb.  capable  of  firing  high- 
powered  cartridges,  has  been  a  perplexing  problem  of  gun 
designers  throughout  the  world.  Self-functioning  and  auto- 
matic arms  have  been  operated  by  (a)  the  blow-back  of  the 
gas  against  the  head  of  the  bolt;  (6)  a  gas-operated  piston 
that  in  turn  operates  the  bolt;  and  (c)  the  force  of  recoil. 
With  the  advent  of  the  Thompson  autorifle  and  the  Thompson 
submachine-gun,  another  system  of  automatic  breech-closure 
is  added,  namely,  the  self-acting  lock  in  which  the  bolt  is  in 
the  form  of  a  wedge  or  a  screw  and  which  in  itself  without 
other  accessories  constitutes  at  once  an  automatic  lock  and 
release.  This  is  accomplished  by  the  principle  of  adhesion, 
about  which,  outside  of  the  experiments  of  Gen.  John  T. 
Thompson  and  his  associates  during  the  last  few  years,  little 
is  known.  A  study  of  this  new  principle  shows  the  advan- 
tages of  the  self-acting  lock  by  reason  of  its  extreme  sim- 
plicity and  consequent  saving  of  weight,  overcoming  at  the 
same  time  many  of  the  basic  engineering  problems  involved, 
as  the  weight  thus  saved  can  be  placed  where  most  needed. 
This  principle  was  observed  and  patented  by  Com.  John 
Blish  of  the  United  States  Navy,  and  presented  to  a  special 
Board  of  Naval  Ordnance  before  the  world  war. 

The  first  piece  of  mechanism  that  successfully  demonstrated 
the  Blish  principle  was  the  Thompson  submachine-gun,  now 
generally  known  and  on  the  market.  In  this  form  the  simple 
wedge  was  successfully  used  as  a  self-acting  lock.  The  next 
development  of  the  principle  has  been  the  Thompson  0.30- 
caliber  autorifle,  in  which  the  screw  form  of  bolt  was  utilized 
as  the  self-acting  lock.  The  autorifle  has  been  basically  con- 
sidered as  an  engine;  in  fact  as  a  double-acting  gas  engine 
in  which  the  bullet  and  the  bolt  have  motions  of  translation 
in  opposite  directions  and  are  moving  pistons. 

Those  experienced  in  the  actual  use  of  automatic  guns  are 
almost  unanimously  agreed  that  the  oiling  of  cartridge  cases 
insures  more  certainty  of  action.  In  fact,  cartridge-case  oil- 
ing was  prevalent  in  the  field  during  the  world  war.  This 
practice  was  accomplished  crudely  with  an  oil-can  before 
loading.  The  reason  for  this  is  obvious  when  it  is  realized 
that  extraction,  which  is  the  heart  of  the  automatic  problem, 
requires  varying  forces.  The  extraction  pull  necessary  for 
cartridges   has   a   wide   variance    due?   to   the   adhesion   of   the 


case  to  the  chamber  and  also  because  in  some  gas  and  recoil 
automatic  guns  the  instant  of  applying  or  timing  the  pull 
is  not  always  the  same  for  each  shot,  especially  where  the 
rate  of  fire  can  be  regulated  in  such  guns.  The  autorifle  is 
loaded  in  exactly  the  same  manner  as  the  service  rifle.  In 
doing  so,  however,  the  cartridge  cases  are  automatically 
oiled.  This  changes  the  back-pressure  on  the  bolt  from  that 
known  to  be  exerted  by  dry  cartridges.  Hence,  after  ex- 
haustive tests,  its  use  in  the  service  rifle  has  been  discouraged 
by  certain  experts.  However,  in  guns  specially  designed  and 
with  mechanisms  timed  particularly  for  such  pressures  as  in 
the  Thompson  mechanisms,  this  point  is  safely  taken  care 
of  and  large  factors  of  safety  are  secured.  As  the  bullet  is 
neither  oiled  nor  greased,  the  ballistic  qualities  of  the  bullet 
remain  unaltered.  The  mechanism,  however,  gives  a  consid- 
erable reduction  in  recoil  with  corresponding  advantages  in 
the  accuracy  of  firing. 

In  appearance  and  general  form,  the  Thompson  autorifle 
is  a  replica  as  far  as  possible  of  the  present  United  States 
service  rifle.  In  fact,  out  of  a  total  of  95  component  parts 
for  the  United  States  Model  1903,  30  of  the  total  86  parts  of 
the  autorifle  are  the  same  as  in  the  service  piece.  The  de- 
sign allows  the  autorifle  to  be  dismantled  completely  and 
assembled  rapidly.  Dismantling  for  replacement  of  moving 
parts  is  accomplished  without  the  use  of  tools  and  is  simple. 
Comparing  the  gun  mechanism  proper  consisting  of  all  parts 
necessary  for  free  functioning  the  autorifle  has  44  parts 
contrasted  with  42  for  the  United  States  Model  1903.  The 
total  weight  of  the  autorifle  is  9  lb.  10  oz. 

Magazines  are  either  detachable  holding  10  or  20  shots  or 
fixed  as  desired,  the  latter  holding  the  regulation  five  car- 
tridges. The  autorifle  can  be  used  conveniently  as  a  hand- 
loaded  weapon  when  desired,  reserving  the  semi-automatic 
feature  for  emergencies.  The  mechanism  functions  equally 
well  with  powder  charges  40  per  cent  below  or  above  normal 
pressures  of  50,000  lb.,  without  adjustment  of  any  kind. 

American  Marksmanship 

Turning  from  the  mechanical  aspects  of  the  military  semi- 
automatic problem  to  the  tactical  considerations  of  the  case,. 

(Concluded  on  page  144) 
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Till;  development  of  air-cooled  engines  for  aircraft 
never  made  much  progress  until  the  war,  when 
the  British  attempted  to  improve  the  perform.. 
of  existing  engines  by  a  series  of  experiments  leading 
eventually  to  the  development  of  aluminum  cylinders 
with  steel  liners  and  aluminum  cylinder-heads  with 
a  steel  cylinder  screwed  into  the  head.  The  advan- 
tages of  these  constructions  and  the  disadvantages  of 
other    types    are   discussed.      Results    arc  I    of 

at  Mct'ook  Field  on  a  modern  cylinder-design  of 
this  type  showing  good  results,  that  lead  to  the  belief 
that  large  air-cooled  engines  will  be  produced  in  the 
near  future,  equal  in  performance  to  water-cooled  en- 
gines of  the  same  power.  It  is  claimed  that,  at  pres- 
ent, there  is  nothing  to  choose  in  performance  between 
water-cooled  and  air-cooled  engines  of  about  25  hp. 
per  cylinder,  and  that  air-cooled  engines  of  this  size 
can   be    built    successfully   of   the   same   compression- 


isfactorily  with  less  cooling  area   than  is  required  for 
water-cooled  engines. 

The  subject  of  the  resistance  of  airplanes  having 
air-cooled  and  of  those  having  water-cooled  engines  is 
discussed,  attention  being  drawn  to  the  fact  that  lit- 
tle is  know  of  the  best  methods  of  installing  and  cowl- 
ing these  engines.  Various  suggestions  are  made  for 
possible  future  development  of  cowling,  to  permit  air- 
planes equipped  with  air-cooled  engines  to  offer  as  lit- 
tle resistance  as  those  equipped  with  water-cooled  en- 
gines. 

THE  use  of  air-cooled  engines  in  aircraft  is  not  of 
recent  origin;  but,  except  in  the  field  of  rotary 
air-cooled  engines,  it  is  only  within  the  last  few 
years  that  it  has  attained  any  importance  or  been  re- 
garded seriously  by  most  aircraft  and  powerplant  engi- 
neers.    From  the  time  that  Bleriot  crossed  the  English 


Valve  Operation 
Pio.  ] — A  2S-HP.  Air-Cooled  Anzani  Enoinb 


ratio  and  having  the  same  fuel-consumption   as  high- 
compression  water-cooled  types. 

An  explanation  is  given  of  the  reason  for  the  advan- 
tages of  aluminum  cylinders  and  head  constructions, 
and  a  chart  is  presented  showing  the  temperature  on 
the  front  and  the  rear  of  a  large  air-cooled  cylinder 
of  high  output.  The  question  of  the  cylinder-wall  tem- 
perature of  air-cooled  and  of  water-cooled  engine 
discussed,  and  it  is  indicated  that  there  is  not  much 
difference  in  temperature  between  the  two  types.  The 
water-cooled  engine  is  at  a  disadvantage  on  account  of 
the  number  of  heat  transfers  from  one  medium  to  an- 
other before  the  heat  reaches  the  air.  A  statement  is 
given  of  the  reason  air-cooled  engines  can  perform  sat- 


Channel  in  an  airplane  equipped  with  a  25-hp.  air- 
cooled  Anzani  engine,  such  as  is  shown  in  Fig.  1,  there 
has  been  some  steady  development  of  air-cooled  engines, 
limited,  however,  to  very  few  companies.  For  a  long 
time  the  Anzani,  Nieuport,  R.E.P.  and  Gnome  engines 
were  about  the  only  well-known  air-cooled  powerplants 
built,  of  the  type  shown  in  Fig.  2.  I  believe  it  is  of  in- 
terest to  compare  the  design  of  several  of  these  early 
engines  with  that  of  some  of  the  later  types.  It  is  not 
my  intention  to  take  up  the  subject  of  rotary  air-cooled 
engines,  as  the  production  of  this  type  has  been  practi- 
cally abandoned. 

The  Nieuport  engine  was  a  great  step  in  advance.    It 
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Fig.  2 — Sectional  Elevation  of  the  Anzani  Engine 


at  present,  but  this  development  was  abandoned  after  an 
aircraft  accident  in  which  Mr.  Nieuport  was  killed.  The 
Renault  Co.  brought  out  an  8-cylinder  and  a  12-cylinder 
air-cooled  engine  some  years  before  the  war,  and  some  of 
them  are  still  running.  They  are  of  the  V-type.  The 
cooling  is  derived  from  a  centrifugal  blower,  the  air 
being  carried  to  the  cylinders  by  a  form  of  cowling.  The 
De  Dion  Bouton  Co.  brought  out  a  similar  engine  shortly 
afterward.  All  of  these  engines  were  of  low  mean  effec- 
tive pressure,  with  the  possible  exception  of  the  Nieu- 
port, and  it  was  agreed  by  almost  everyone  that  it  was 
not  practicable  to  build  air-cooled  cylinders  of  greater 
than  approximately  4.5-in.  bore  and  that  even  with  these 
sizes  it  was  impossible  to  obtain  a  high  performance. 


SecTion  B-B 


Fig.   3 — The  Original  Air-Cooled  Cast-Iron   Cylinder  Developed 
bt  the  Royal  Aircraft  Factory 

These  two  cylinders  were  of  4-in.  bore,  and  it  was  de- 
cided to  build  an  improved  design  of  cylinder  of  4.5-in. 
bore  having  overhead  valves.  This  also  was  an  all-alu- 
minum cylinder  with  a  shrunk-in  liner  and  steel  valve- 
seats  cast  in  the  aluminum  head,  as  shown  in  Fig.  5. 
It  is  easy  to  see  from  the  location  and  cooling  of  the 
valves  and  the  large  fin-area  that  a  great  improvement 
was  to  be  expected,  and  this  engine  actually  showed  a 
mean  effective  pressure  of  108  lb.  per  sq.  in.  and  a  fuel 
consumption  of  0.54  lb.  per  b.hp-hr.  This  cylinder  was 
followed  by  a  still  larger  cylinder  of  4.75-in.  bore,  but 


British  Experiments 

The  British,  with  a  view  to  improving  the  perform- 
ance of  existing  Renault  engines  and  the  Royal  Aircraft 
Factory  engines,  which  were  more  or  less  similar,  started 
a  series  of  experiments  about  1916  which  carried  them 
very  far.  The  original  Royal  Aircraft  Factory  cylinder 
shown  in  Fig.  3  developed  only  a  mean  effective  pressure 
of  85  lb.  per  sq.  in.  and  had  a  fuel  consumption  of  0.67  lb. 
per  b.hp-hr.  It  is  easy  to  see  that  this  cylinder  had  en- 
tirely inadequate  exhaust-valve  and  head  cooling.  An  at- 
tempt was  made  first  to  improve  this  cylinder  by  casting 
it  in  aluminum  with  slight  modifications  of  design  and 
with  a  shrunk-in  steel  liner.  This  is,  so  far  as  I  know,  the 
first  instance  in  which  the  construction,  shown  in  Fig.  4, 
was  used.  In  this  cylinder  the  mean  effective  pressure 
was  no  better  than  that  of  the  cast-iron  cylinder,  but  the 
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View  A-A 

Fig.   4 — The  Royal  Aircraft  Factory  Air-Cooled  Aluminum 
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of  the  same  general  design  as  shown  in  Fig.  5.  It  is 
much  like  the  type  used  today  in  air-cooled  engines. 
It  showed  a  mean  effective  pressure  of  118  lb.  per  sq.  in., 
a  fuel  consumption  of  0.50,"i  lb.  per  b.-hp-hr.  with  a  com- 
ion-ratio  of  only  4.6  to  I,  which  is  almost  as  good  as 
can  be  obtained  today  under  the  same  conditions. 

A  number  of  improvements  were  then  carried  on  with 
a  view  to  finding  the  best  material  and  construction  for 
a  cylinder  liner.  It  was  found  that  the  shrunk-in  con- 
struction, although  satisfactory  when  the  engine  was 
new,  permitted  the  oil  to  get  between  the  cylinder  wall 
and  the  liner,  thus  decreasing  the  cooling  efficiency  after 
the  engine  had  been  run  for  a  time.  Our  experience, 
however,  has  shown  that  where  the  cylinder  and  liner 
were  properly  machined  and  shrunk  together  with  the 
proper  tit,  the  falling-off  in  power  after  a  great  many 
hours  of  running  is  negligible  and  the  increase  of  fuei 
consumption  very  small. 

The  construction  shown  in  Fijj-  6  has  great  advantages 
over  the  method  already  mentioned  as  having  been 
adopted  by  the  British,  where  the  liner  was  clamped  in 
place  against  a  shoulder  at  the  top  with  a  view  to  keep- 
ing out  the  oil.  A  clearance  between  the  aluminum  hold- 
ing-down flange  at  the  base  of  the  cylinder  and  the  crank- 
case  is  necessary  in  this  construction.  On  account  of 
unequal  expansion  of  the  liner  and  the  cylinder,  the 
tightness  of  the  joint  between  the  liner  and  the  top  of 
the  cylinder  is  an  unknown  quantity,  when  the  engine  is 
hot,  and  the  question  arises  regarding  the  proper  tension 
of  the  holding-down  bolts  that  leaves  too  much  to  the 
personal  element.  This  construction  is  shown  in  Fig.  7. 
In  addition  to  the  trouble  due  to  oil  leakage,  an  examina- 
tion of  the  cylinder  and  the  liner  after  running  showed 
a  considerable  lack  of  contact  that  did  not,  however,  ap- 
preciably affect  the  performance  for  cylinders  up  to  4.75- 
in.  bore,  but  for  larger  bores  it  was  thought  desirable  to 
find  another  method  of  construction.  Accordingly,  ex- 
periments were  made  by  casting  an  aluminum  head  on  a 


Fig.  C — The  I,.\wia:,rn  MODEL  L  Cylinder 

steel  cylinder,  as  shown  in  Fig.  8.  This  construction  did 
not  prove  altogether  satisfactory,  according  to  a  British 
report,  as  it  was  hard  to  get  a  bond  between  the  two 
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metals,  especially  because  the  difference  in  their  coeffi- 
cients of  expansion  tended  to  break  down  any  contact 
that  originally  existed.  These  experiments  were  corrobo- 
rated by  experiments  at  McCook  Field  on  a  Weinberg 
engine  recently.  They  showed  not  only  that  this  w^s 
true,  but  also  that  the  stresses  due  to  shrinkage  in  cast- 
ing caused  the  aluminum  head  to  crack,  and  this  method 
of  construction  has  been  abandoned. 

Types  of  Engine 

During  the  latter  part  of  the  war  several  large  radial 
air-cooled  engines  were  brought  out  by  the  British.  In 
these  engines  it  was  thought  to  be  too  much  of  an  ex- 
periment, probably  on  account  of  the  large  cylinder  sizes 
required,  to  use  an  aluminum  head  and  they  were  there- 
fore built  with  steel  cylinders  and  heads  more  or  less  on 
the  lines  of  rotary  radial-engine  practice.  One  of  these, 
the  A.  B.  C.  Dragonfly,  having  a  5.5-in.  bore  and  a  6.5-in. 
stroke,  was  designed,  built  and  put  into  large  production 
without  having  had  much  testing.  Fig  9  shows  the 
A.  B.  C.  Dragonfly  engine  cylinder.  This  engine  never 
proved  satisfactory,  on  account  of  cooling  and  other 
troubles.  It  will  be  seen  that  the  provision  for  cooling 
the  head  of  the  cylinder  is  practically  nil  and,  in  view  of 
this,  the  low  brake  mean  effective  pressure  of  100  lb.  per 
sq.  in.  obtained  is  not  surprising. 

Somewhat  later,  the  Jupiter-Cosmos  engine  shown  in 
Fig.  10  was  brought  out.  This  engine  had  even  larger 
cylinder  dimensions,  a  5.75-in.  bore  and  a  7.50-in.  stroke. 
An  attempt  was  made  here  to  cool  the  head  by  an  alu- 
minum cover  containing  the  valve-ports,  which  was  bolted 
to  the  top  of  the  steel  cylinder-head.  This  cover  was 
supplied  with  cooling  fins.  This  engine  showed  marked 
improvement  over  the  A.  B.  C.  Dragonfly  engine  in  cool- 
ing and  other  details,  but  it  was  found  that  the  contact 
between  the  aluminum  cover  and  the  steel  cylinder-head 
was  poor,  due  to  warping  of  the  two  parts  in  question.   A 


Fig.   S — A  Ttpe  op  Air-Cooled  Cylinder  Subsequently  Developed 

by  the  Royal  Aircraft  Factory  in  Which  the  Aluminum  Head 

Is  Cast  on  the  Steel  Cylinder 

radial  engine  having  cylinders  of  this  type  was  built  in 
the  United  States  by  the  Wright  Aeronautical  Corpora- 
tion, having  a  5%-3n.  bore  and  a  6y2-in.  stroke,  which 
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■bowed  a  somewhat  better  performance;  bul  this  design 
c.f  cylinder  has  been  abandoned  since  in  favor  of  a  new 
type  that  has  been  developed  for  this  engine.  It  is  giv- 
ing good  results  and  will  bring  the  performance  to  par 
with  the  best  water-cooled  engines. 

Appreciating  the  difficulties  encountered  In  these 
designs,  the  British  carried  on  some  experiments  and 
produced  a  cylinder  construction  in  which  a  steel  cyl- 
inder is  threaded  into  an  aluminum  head,  that  appears 
to  be  satisfactory.  Experiments  along  these  same  lines 
have  been  made  recently  at  McCook  Field,  in  which  the 
cylinder  and  head  are  assembled  as  already  described 
after  the  head  has  been  heated  to  about  700  deg.  fahr., 
with  a  sufficient  shrink-fit  to  make  a  very  tight  job,  as 
indicated  in  Fig.  11.  This  construction  appears  to  com- 
bine all  of  the  advantages  of  the  various  systems  already 
described.  The  steel  cylinder  has  sufficient  cooling-area 
on  the  barrel,  and  is  of  very  light  construction.  The 
thick  aluminum  head  of  high  conductivity  and  large  fin- 
area  is  particularly  suited  for  the  dissipation  of  heat. 


Km.  10 — Elevation  Partly  in  Section  of  the  Ji  titer-Cobmos 
Engine 


Fig.    » — The  Cylinder  of  the  ABC  Dracjonfly  Engine 

A  cylinder  of  this  type  having  a  5%-in.  bore,  a  6V£-in. 
stroke,  and  a  5.3  to  1  compression-ratio  has  just  been 
completed  at  McCook  Field  and  been  run  in  some  prelim- 
inary tests.  The  fuel  used  was  composed  of  50  per  cent 
of  benzol  and  50  per  cent  of  average  gasoline,  and  the 
results  are  shown  in  Table  1. 

These  tests  were  almost  the  first  ones  made  with  this 
cylinder,  and  were  to  test  it  for  mechanical  soundness 
rather  than  for  performance.  They  were  made  with  a 
casual  carbureter-setting  and  are  not  by  any  means  the 


Fig.    11 — An   experimental  Steel  Cylinder   with    a    Screwed-On 
Aluminum    Head   That  Was   Developed   by   the   Air    Service   at 
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TABLE    1 — PRELIMINARY    ENGINE-CYLINDER    TESTS    AT 


MC  COOK   FIELD 

Brake  Mean 

Fuel 

Speed, 

Power, 

Effective  Pressure, 

Consumption, 

r.p.m. 

b.hp. 

lb.  per  sq.  in. 

lb.  per  b.  hp-hr. 

1,430 

37.4 

128.2 

0.56 

1,590 

42.3 

130.2 

0.56 

1,670 

44.6 

130.8 

0.56 

1,770 

47.3 

130.8 

0.56 

1,900 

49.5 

127.6 

0.56 

that  a  construction  having  a  cylinder  consisting  of  a 
steel  barrel  to  which  are  bolted  an  aluminum  combustion- 
chamber  and  head,  as  illustrated  in  Fig.  12,  would  have 
the  advantage  of  cheapness  without  any  loss  of  efficiency. 
Experience  has  shown,  however,  that  this  is  not  true. 
For  efficient  cooling  of  the  combustion-chamber,  the  alu- 
minum must  be  carried  some  distance  down  the  sides  of 
the  cylinder  barrel  to  obtain  sufficient  cooling  area.  It 
has  been  shown  also  that  a  highly-domed  head  is  desir- 
able, as  is  indicated  in  the  cylinder  illustrated  in  Fig.  11, 
thus  permitting  a  greater  number  of  cooling  fins  in  close 
contact  with  the  head  of  the  cylinder.  But  experiments 
have  still  to  be  made  for  determining  the  relative  merits 
of  size,  shape  and  number  of  cooling  fins,  in  connection 
with  cylinder  diameters  and  high  compression-ratios  be- 
fore a  definite  conclusion  as  to  the  practical  limit  and  size 
of  the  air-cooled  radial-type  engine  can  be  reached. 

AIR-COOLED  VERSUS  WATER-COOLED   ENGINES 

The  result  of  all  these  experiments  on  air-cooled  cylin- 
ders covering  a  period  of  years  has  brought  the  art  to 
such  a  point  that  air-cooled  engines  of  approximately  25 
hp.  per  cylinder  are  being  produced  commercially  that 
have  the  same  performance  ability  as  the  best  water- 
cooled  engines.  This  can  be  established  by  a  comparison 
of  the  performance  of  an  air-cooled  engine  and  a  water- 
cooled  engine  of  approximately  the  same  power.  We  will 
take  for  comparison  a  typical  water-cooled  V-type  eight- 
cylinder  engine  and  the  Lawrance  Model-J,  nine-cylinder 
air-cooled  engine.  In  neither  case  is  the  horsepower  the 
maximum  that  can  be  or  has  been  obtained ;  it  is  the  aver- 
age horsepower  likely  to  be  obtained  in  service.  Table  2 
shows  this  comparison. 

It  will  be  noticed  that  there  is  very  little  difference 
between  these  engines.  The  fuel  consumption  of  the 
water-cooled  engine  is  lower  than  that  of  the  radial  air- 
cooled  engine  on  account  of  the  higher  compression-ratio 
of  the  former.  Both  engines  can  show  a  considerably 
lower  consumption  if  regulated  for  this,  of  course;  how- 
ever, this  is  at  the  expense  of  the  horsepower. 

Including  68  lb.  for  a  radiator  and  76  lb.  for  water,  the 
weight  of  the  water-cooled  engine  is  621  lb.;  the  air- 
cooled  engine  weighs  426  lb.  complete.  This  saving  is 
due  to  the  air-cooling  and  the  more  compact  arrangement 
of  the  radial  engine.  Experience  with  air-cooled  cylin- 
ders of  this  type  has  shown  that  it  is  possible  to  increase 
the  compression-ratio  to  the  same  extent  as  in  water- 
cooled  engines,  and  that  a  fuel  consumption  equaling  the 
best  perfoi-mance  of  water-cooled  types  can  be  obtained. 
Tests  of  a  three-cylinder  engine  having  a  volume  of  75 


TABLE  2 — COMPARATIVE  PERFORMANCE  OF  AIR  AND  WATER- 

COOLED   ENGINES 

Method  of  Cooling 

Water 

Air 

Speed,  r.p.m. 

1,800 

1,800 

Rating,  hp. 

200 

220 

Cylinder  Volume,  cu.  in. 

716 

787 

Brake  Mean   Effective   Pressure, 

lb.  per  sq.   in. 

122 

123 

Fuel  Consumption,  lb.  per  b.  hp- 

hr 

0.48 

0.51 

cu.  in.  per  cylinder  and  a  compression-ratio  of  6.2  to  1, 
using  one-half  benzol  and  one-half  aviation  gasoline  and 
regulated  for  a  minimum  consumption,  have  shown  a  fuel 
consumption  as  low  as  0.43  lb.  per  b. hp-hr.  with  a  brake 
mean  effective  pressure  of  about  130  lb.  per  sq.  in. 

The  data  given  show  the  present  state  of  the  art  for 
small  engines  but,  in  view  of  the  interesting  work  that 
is  being  carried  on  at  McCook  Field  and  elsewhere,  I  be- 
lieve that  before  the  end  of  1922  air-cooled  engines  devel- 
oping up  to  50  hp.  per  cylinder  will  be  showing  as  good, 
if  not  better,  performances  than  water-cooled  engines  of 
the  same  volume. 

In  connection  with  the  development  of  large  air-cooled 
engines,  the  question  of  cylinder  temperatures  and  the 
difference  in  temperature  between  the  front  and  rear 
of  the  cylinder  as  affected  by  the  design  and  the  choice 
of  material  becomes  of  great  importance.  It  is  obvious 
that  the  side  exposed  to  the  airblast  has  a  better  chance 
of  cooling  than  the  side  not  so  exposed,  and  it  is  desir- 
able that  the  cylinder  circumference  should  be  equally 
cooled. 

Progress  in  Engine  Cooling 

The  great  progress  achieved  in  air-cooled  development 
is  largely  due  to  the  use  of  aluminum  for  cylinder  and 
head  construction.  Not  only  has  this  material  a  conduc- 
tivity much  greater  than  that  of  cast  iron  or  steel  but, 
on  account  of  its  light  weight,  thicker  sections  can  be 
used,  permitting  a  very  rapid  flow  of  heat  from  points 
that  are  not  exposed  to  a  proper  air  flow.  Its  greater 
conductivity  also  allows  the  efficient  use  of  cooling  fins 
as  deep  as  foundry  practice  will  permit.  Hot-spots  are 
avoided  in  this  way  and  more  cooling  surface  is  pro- 
vided than  in  the  case  of  cylinders  constructed  of  iron  or 
steel. 

We  have  definite  data  as  to  the  actual  temperatures 
existing  in  an  air-cooled  cylinder  of  very  high  output, 
that  are  presented  in  Fig.  13.  The  cylinder  was  built  by 
the  Airco  Co.  in  England  and  was  tested  in  November 
1919.  It  is  of  the  roof -head  type  with  four  valves  per 
cylinder,  having  a  5.5-in.  bore  and  a  6-in.  stroke.  The 
design  shown  in  Fig.  13  is  conventionalized  and  does  not 
attempt  to  give  the  true  proportions  of  this  cylinder. 
This  engine  ran  at  1700  r.p.m.  in  a  mean  airblast  of  87 
m.p.h.  and  developed  42.2  b.hp.,  which  gives  a  brake  mean 
effective  pressure  of  138.2  lb.  per  sq.  in.,  the  fuel  con- 
sumption varying  from  0.600  to  0.565  lb.  per  b.hp-hr.  All 
temperatures  are  in  degrees  fahrenheit.  It  will  be  no- 
ticed that  the  hottest  point  on  the  cylinder  was  in  the 
head  between  the  exhaust-valves,  as  would  be  expected, 
with  a  temperature  of  516  deg.  fahr.  The  temperature 
decreases  at  the  edge  of  the  combustion-chamber  wall  to 
383  at  the  rear  end  to  367  deg.  fahr.  at  the  front,  a  dif- 
ference of  only  16  degrees.  This  small  difference  that 
exists  nowhere  else  might  be  accounted  for  by  the  cool- 
ing action  of  the  inlet-ports,  but  readings  on  each  side  at 
the  same  plane,  not  shown  in  Fig.  13,  give  a  temperature 
•of  only  354  deg.  fahr.,  or  somewhat  less  than  those  at 
the  front. 

The  most  plausible  explanation  of  this  small  tempera- 
ture-difference is  that  the  airflow  around  the  corner  of 
the  head  and  combustion-chamber  wall  is  very  efficient. 
The  maximum  temperature-difference  between  front  and 
rear  on  the  aluminum  head  is  only  94  deg.  fahr.,  which 
is  not  serious.  The  temperature  is  less  on  the  lower  por- 
tion of  the  cylinder,  but  the  difference  between  front  and 
rear  is  much  greater,  with  a  maximum  of  187  deg.  fahr. 
This  is  to  be  expected  in  view  of  the  poor  conductivity 
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walls.  Thf  temperature  is  higher  at  the  foot  of  the  cylin- 
der, which  is  probably  due  to  heat  transmitted  from  the 
crankcase. 

Tests  dt'   the  same  cylinder  at   air  speeds  as   lew  a-    16 

m.p.h.  did  not  show  any  tendency  to  produce  hoi 
the  rear  of  the  cylinder.     The  entire  temperature  in- 
creased both  front  and  rear  with  a  smaller  difference  l'e 

tween  front  ami  rear  than  existed  at  higher  air-'  I 

and  with  a  corresponding  decrease  '<(  power  and  an  in- 
crease in  tin-  fuel  consumption.     The  brake  mean  effet 
live  pressure  developed  by  this  cylinder  is  equal  to  the 
water-cooled  practice,  which  may  lie  surprising  to 

many  in  view  of  the  t'act  that  the  cylinder-wall  tempera- 
tures are  apparently  much  higher  than  those  prevailing 
in  water-cooled  cylinders,  on  the  assumption  that  these 
do  n  d   tlie  boiling  temperature  dt'  the  water  that 

surrounds  them.  However,  this  is  not  the  case.  I 
on  a  Hispano-Sui/.a  engine  showed  a  maximum  tempera- 
ture on  the  outside  of  the  top  of  the  cylinder  wall  of  470 
deg,  fahr.  hi  other  words,  the  temperature  of  the  cylin 
der  walls  of  water  and  air-cooled  engines  are  not  much 
different. 

The  cylinder  of  the  water-cooled  engine  is  covered  in 
part  with  a  film  of  steam.  Small  areas  of  steam  arc 
formed,  which  are  instantly  swept  away  by  the  rapid  How 
of  water  and  recondensed  by  the  water  that  has  not  yet 
come  in  contact  with  the  cylinder  wall.  The  rapid  flow 
of  water  and  the  formation  of  small  areas  of  steam  pro- 
duce a  state  of  extreme  turbulence  culminating  at  the 
cylinder-head.  This  does  not  produce  any  steam  in  the 
radiator  return-pipe,  provided  the  velocity  of  flow  and 
the  capacity  of  the  water-jacket  at  the  hottest  points  are 
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sveen  the  Front  and  Rear  of  an  Air-Coolbd  cylinder 

adequate.  The  water-cooled  engine  is  handicapped  by 
the  number  of  heat  transfers  required  from  one  con- 
ductor to  another,  all  of  which  tend  to  increase  the  ulti- 
mate temperature  on  the  inside  of  the  cylinder  wall. 
The  minimum  number  of  heat  transfers  is  three.  They 
are  (a)  from  the  cylinder  to  the  water,  (6)  from  the 
water  to  the  inside  of  the  radiator  core  and  (c)  from  the 
outside  of  the  radiator  to  the  air. 

Engine-Cooling  Factors 

In  some  efficient  engines  like  the  Wright  Hispano  we 
have  an  additional  transfer  of  heat,  from  the  steel  cylin- 
der to  the  aluminum  cylinder.  In  air-cooled  engines  the 
transfer  is  direct  to  the  air;  in  the  case  of  the  combus- 
tion-chamber, and  in  an  aluminum  cylinder  with  steel 
liner,  through  only  one  additional  step,  it  is  from  liner 
to  cylinder.  In  the  most  efficient  air-cooled  cylinders,  as 
shown  in  Figs.  11  and  13,  the  flow  of  heat  to  ,the  air  is 
the  most  direct  that  can  be  obtained.  The  wa'ter-cooled 
engine  is  handicapped  also  by  the  use  of  a  medium  that 
boils  at  212  deg.  fahr.  It  must  be  held  at  a  certain  mar- 
gin of  safety  below  this. 

Let  us  assume  in  one  case  that  the  air  at  60  deg.  fahr. 
strikes  a  radiator  having  an  average  temperature  of  180 
deg.,  a  temperature  difference  of  120  deg.  between  the  air 
and  the  object  to  be  cooled.  Let  us  assume  also  that  the  ' 
air  at  60  deg.  strikes  a  cylinder  having  an  average  tem- 
perature of  300  deg.,  a  difference  of  240  deg.  If 
everything  were  equal,  air  velocity,  freedom  of  airflow, 
efficiency  of  airflow,  coefficient  of  radiation  of  the  two 
objects  and  the  like,  the  cooling  per  unit  area  would  be 
proportional  to  the  difference  in  temperature  of  the  air 
striking  and  of  the  air  leaving  the  object  to  be  cooled. 
In  this  case  the  cooling  effect  per  unit  for  the  air-cooled 
cylinder  would  be  approximately  \\'2  to  1%  times  that  of 
the  radiator,  because  the  cylinder  temperature  is  nearly 
twice  as  great  as  the  average  hot-water  temperature 
of  the  radiator.     However,  the  conditions  are  different 
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COUNCIL  MEETINGS 


THE  1921  Council  held  the  last  sessions  of  its  administra- 
tion on  Jan.  9  and  10,  the  following  being  present : 
President  Beecroft,  First  Vice-President  Horning,  Vice- 
Presidents  Bachman,  Crane,  Johnston  and  VanBlerck,  Past- 
President  Vincent,  Councilors  Brush,  Davis  and  Pope,  Treas- 
urer Whittelsey,  C.  F.  Scott,  O.  W.  Young,  F.  E.  Watts,  C.  B. 
Segner,  V.  E.  Clark  and  J.  V.  Whitbeck. 

Forty  applications  for  individual  membership  and  17  for 
student  enrollment  were  approved.  The  following  transfers 
in  grade  of  membership  were  made :  From  Associate  to 
Member,  A.  C.  Ziebell;  from  Junior  to  Associate,  A.  C.  Bige- 
low,  A.  R.  Keagy;  from  Member  to  Service  Member,  I.  M. 
Laddon;  from  Member  to  Foreign  Member,  David  Flather, 
G.  D.  Flather  and  Kenske  Hashimoto. 

B.  B.  Bachman  resigned  as  a  member  of  the  Constitution 
Committee  and  C.  B.  Veal  was  appointed  in  his  stead. 

At  the  request  of  its  chairman,  F.  W.  Davis,  the  Committee 
on  Science  of  Truck  Operation  was  discontinued.  When  the 
committee  was  organized  nearly  2  years  ago  the  intent 
was  to  study  the  economic  adaptation  of  the  motor  vehicle 
and  the  highway,  outline  certain  problems  of  research  and 
formulate  data  in  that  connection.  The  committee  held  two 
meetings  at  which  a  program  for  development  of  the  sub- 
ject was  outlined.  At  that  time  the  Bureau  of  Public  Roads 
started  a  research  program  on  impact  of  motor  trucks  on 
highways,  and  the  Highway  and  Highway  Transport  Edu- 
cation Committee  was  formed  to  carry  on  related  investi- 
gations. Since  that  time  ihe  National  Research  Council  has 
instituted  a  complete  program  of  research  on  road  resist- 
ance, tractive  resistance  and  general  economic  development 
of  highways,  and  work  on  the  two  first  subjects  is  under  way 
at  the  Massachusetts  Institute  of  Technology.  Dr.  Dickin- 
son, of  the  Research  Department  of  the  Society,  is  assisting 
in  this.  It  was  felt  under  the  circumstances  that  the  best 
thing  to  do  was  to  discontinue  the  Committee,  as  stated. 

Mr.  Davis  was  appointed  as  an  additional  representative 
of  the  Society  on  the  Engineering  Division  of  the  National 
Research  Council. 

At  the  session  of  the  Council  held  on  Jan.  10  Chairman 
Bachman,  of  the  Standards  Committee,  reported  in  detail  the 
action  taken  by  that  committee  on  the  same  day  with  regard 
to  proposals  of  16  of  its  Divisions  as  set  forth  elsewhere  in 
this  issue  of  The  Journal.  The  proceedings  of  the  Stand- 
ards Committee  were  approved  for  submission  to  the  Society 
in  meeting  assembled  on  Jan.  11,  for  consideration  in  the 
matter  of  referring  the  recommendations  of  the  Divisions 
by  letter  ballot  to  the  voting  members  of  the  Society  for 
final   adoption. 


Organization  Session  of  1922  Council 

The  organization  session  of  the  1922  Council  was  attended 
by  President  Bachman,  First  Vice-President  Whitbeck,  Vice- 
Presidents  Clark,  Young  and  Watts,  Past-President  Beecroft 
and  Councilors  Crane,  Davis  and  Scott. 

President  Bachman  announced  the  personnel  of  the  1922 
Administrative  Committees  as  follows: 

CONSTITUTION   COMMITTEE 
N.  B.  Pope,  Chairman 
C.  B.  Veal  W.  A.  Brush 

FINANCE  COMMITTEE 
H.  M.  Swetland,  Chairman 
H.  L.  Horning  C.  B.  Whittelsey 

Russell  Huff  O.  W.  Young 

HOUSE   COMMITTEE 

F.  E.  Moskovics,  Chairman 
C.  F.  Kettering  C.  B.  Veal 

F.  S.  Slocum  J.  V.  Whitbeck 

MEETINGS    COMMITTEE 

C.  F.  Scott,  Chairman 
J.  R.  Cautley  Orrel  A.  Parker 

M.  C.  Horine  B.  S.  Pfeiffer 

M.  P.  Rumney 

MEMBERSHIP    COMMITTEE 
Lon  R.  Smith,  Chairman 
J.  R.  Coleman  R.  E.  Northway 

G.  P.  Dorris  A.  M.  Wolf 

PUBLICATION    COMMITTEE 
Daniel   Roesch,   Chairman 
O.  C.  Berry  D.  L.  Gallup 

F.  W.  Caldwell  O.  B.  Zimmerman 

SECTIONS  COMMITTEE 

A.  K.  Brumbaugh,  Chairman 

H.  R.  Corse  R.  J.  Nightingale 

G.  E.  Goddard  H.  W.  Slauson 

President  Bachman  reported  also  the  names  of  the  mem- 
bers who  will  serve  this  year  as  Chairmen  and  Vice-Chairmen 
of  the  Standards  Committee  and  its  Divisions.  These  are 
listed  in  this  issue  of  The  Journal,  as  well  as  those  named 
by  the  Council  for  service  on  the  various  Divisions. 

The  next  meeting  of  the  Council  was  scheduled  to  be  held 
in  Chicago  on  Jan.  31. 


BRITISH  AUTOMOTIVE  VEHICLE  STANDARDIZATION 


A  FURTHER  step  in  the  movement  toward  the  standard- 
ization of  automobile,  motorcycle  and  cycle  parts  has 
been  taken  by  the  British  Engineering  Standards  Associa- 
tion in  the  formation  of  seven  subcommittees  to  undertake 
the  following  sections  of  the  work: 

(1)  Nomenclature,  Major  C.   Wheeler,  chairman 

(2)  Steels,  A.  A.  Remington,  chairman 

(3)  Small  Fittings,  W.  D.  Williamson,  chairman 

(4)  Electrical  Fittings,  E.  Garton,  chairman 

(5)  Shafts  and  Shaft  Details,  L.  A.  Legros,  chairman 

(6)  Wheels,  Rims  and  Tires,  Lieut.-Col.  D.  J.  Smith, 
chairman 

(7)  Cast  Iron,  Dr.  L.  Aitchison,  chairman 


A  conference  of  the  chairmen,  presided  over  by  H.  C.  B. 
Underdown,  the  chairman  of  the  Sectional  Committee,  was 
held  recently,  at  which  the  personnel  of  each  of  the  subcom- 
mittees was  very  carefully  gone  into  and  provisionally  agreed 
upon. 

Before  the  subcommittees  actually  embark  upon  the  de- 
tailed work,  the  various  organizations  concerned  are  being 
consulted  to  insure  that  the  proposed  personnel  meets  with 
their  approval  as  adequately  representing  their  respective  in- 
terests. In  the  meantime,  in  order  not  to  delay  matters,  tech- 
nical data  in  regard  to  the  specific  subjects  to  be  taken  in 
hand  immediately  are  being  collected.  —  Cooper's  Vehicle 
Monthly   (London). 
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INTERCHANGEABLE  MANUFACTURE 


NO  two  thing!  an  alike.  The  difficulty  of  maintaining 
accuiui'v  increases  in  geometric  ratio  with  each  added 
accurate  dimension  on  the  same  piece.  No  machine  or  tool 
under  stress  can  be  accurate.  The  manufacture  of  inter- 
changeable parts  in  quantity  i>  a  matter  of  percentage.  Irre- 
spective of  the  method  usol.  quality  ia  a  matter  of  insistence. 

The  nearest  approach  t<>  mechanical  perfection  that  we 
know  of  is  found  in  the  Johansson  gages,  or  was  until  the 
advent  of  the  Hoke  gages;  but,  within  their  limits,  these  are 
nut  interchangeable  and  the  interferometer  shows  not  only  a 
variation  in  size  but  also  a  difference  in  parallelism  of  the 
same  piece. 

Securing  one  very  accurate  dimension  on  a  piece  is  a  com- 
paratively simple  matter.  The  ease  of  securing  two  accu- 
rate dimensions,  however,  depends  upon  the  relation  of  the 
id  to  the  first.  The  figures  given  in  Table  1  are  based 
upon  practice  and  general  impressions,  but  are  believed  to  be 
accurate  enough  to  justify  their  publication  for  the  purpose 
of  showing  the  high  cost  of  unnecessary  accuracy: 

TABLE    1 — RELATION    BETWEEN    INCREASE    IN    NUMBER   OF 
DIMENSIONS  AND  NUMBER  OF  PERFECT  PIECES 


Number  of  dimen- 
sions on  One  Piece 

1 

2 

3 

4 

5 

6 


Probable 


Estimated  Increase 


Number  of  in  Cost  per 

Perfect  Pieces     Operation,  per  cent 

100  0 

90  30 

50  75 

15  100 

5  200 

0  500 


In  making  the  foregoing  statements  I  have  in  mind  auto- 
matic and  other  machines  where  the  close-dimension  work  is 
done  at  one  setting  and  in  manufacturing  quantities.  Some 
will  dispute  the  figures  given  in  the  table  and  declare  that  it 
is  not  good  practice  to  attempt  finishing  pieces  in  the  auto- 
matic, but  that  they  should  be  roughed-out  there  and  finished 
on  a  shaving  lathe  or  elsewhere.  Why  should  they  not  be 
finished  complete  when  a  good  automatic  must,  in  the  nature 
of  things,  be,  and  is,  as  accurate  as  a  single-purpose  machine 
on  a  single  accurate  dimension?  It  is  not  accurate  on  sev- 
eral close  ones,  however,  and  accepted  practice  confirms  this 
statement,  and  the  reason  it  is  not,  and  cannot  be,  accurate 
is  the  conflicting  stresses. 

There  are  many  firms  the  engineering  department  of 
which  really  believe  they  are  producing  an  interchangeable 
product  of  close  dimensions,  but  their  inspection  and  manu- 
facturing departments  could  tell  a  different  story.  It  is  not 
bad  workmanship  or  lax  inspection  that  is  responsible  for 
their  failure  to  produce  such  work,  but  the  oft-times  unnec- 
essarily close  tolerances  specified  on  unimportant  dimensions, 
or  the  insistence  of  close  ones  on  several  dimensions  of  the 
same  piece,  and  it  is  well  to  stop  and  consider  what  may- 
happen,  say,  to  a  piece  of  apparatus  after  it  has  been  in 
service  for  some  time  when  initially  it  required  the  centers 
of  two  shafts  to  be  held  within  0.0005  in.  Interchangeable 
manufacture  requires  both  relative  and  specific  tolerance. 
Relative  tolerance  has  to  do  with  its  relation  to  the  part  to 
which  it  assembles,  and  does  not  necessarily  affect  the  toler- 
ance of  the  specific  dimension.  Specific  tolerance  is  that  tol- 
erance on  a  specific  dimension  required  to  render  a  particu- 
lar part  easy  to  manufacture,  or  to  take  care  of  the  wear 
on  tools. 

Any  part  increases  in  cost  with  each  succeeding  operation, 
and  the  probability  of  loss  should  decrease  in  the  ratio  of  its 
added  value.  This  result  should  be  obtained,  first,  by  a  de- 
sign having  in  view  its  relation  to  subsequent  machining  op- 
erations, and,  second,  through  the  proper  sequence  of  opera- 
tions relative  to  their  difficulty,  and  sufficiently  divided.  This 
leads  us  up  to  the  question  of  registration.  Automobile  en- 
gine-builders cast  lugs  on  their  cylinders  to  insure  parallel- 
ism of  the  bore;  adding-machine  and  phonograph  castings 
sometimes  have  bosses  cast  on,  to  take  the  pressure  of  milling 
or  drilliner  operations.     It  is   also   true   that    sometimes   we 


we   do   this   only    at    tunes    and    usually    as   a    matter   of   con- 
venience,   whereas    it    is   a    matter   of    necessity,   and    it   will 
usually  cost  less  to  drill  special  boles  or  machine  special  lugs  . 
for  registration  and  resetting  iban  to  attempt  to  do  the  work 
in  fewer  complex  operations. 

Nearly  as  important  as  registration  is  the  question  of 
clamping.  One  of  the  fundamentals  laid  down  was  that  a 
machine  under  stress  could  not  be  accurate.  This  is  just  as 
true  of  a  piece  being  machined,  and  unless  a  part  is  designed 
with  its  subsequent  machining  operations  in  view;  unless  it 
is  supported  sufficiently  near  its  pressure  centers;  unless  it 
has  a  three-point  support  with  the  holding  or  clamping  pieces 
immediately  over  them,  and  in  the  case  of  a  drill  jig,  inde- 
pendent of  the  part  that  carries  the  bushings,  then  that  piece 
cannot  be  accurate.  This  is  true  of  drilling  always,  of  mill- 
ing generally  and  of  turning  sometimes. 

How  shall  tolerances  be  indicated;  shall  they  be  identical, 
independent,  or  overlapping;  what  does  the  law  of  proba- 
bility and  actual  trial  demonstrate  as  the  probability  of  over- 
lapping or  identical  tolerances  interfering;  what  percentage 
may  be  expected  at  different  parts  of  the  tolerance,  and  the 
lessons  to  be  learned  therefrom,  are  subjects  calling  for  ex- 
tended treatment  by  themselves.  The  same  is  true  of  inspec- 
tion, machining  methods  and  analysis  of  the  product. 

The  automatic  screw-machine  will,  of  course,  always  be 
with  us,  for  in  that  we  meet  ideal  manufacturing  conditions 
as  nearly  as  they  can  be  met.  But  the  fact  that  the  single- 
spindle  screw-machine  persists  and  is  even  exclusive  in  the 
small-part  field  is  still  further  corroboration  of  the  price  we 
must  pay  for  accuracy.  The  question  of  accuracy  is,  of 
course,  relative,  as  is  the  question  of  the  rigidity  of  the 
machine;  but  it  is  important  in  its  bearing  upon  the  cheap- 
ness of  manufacture  by  determining  the  number  of  cuts, 
retapping,  reaming,  grinding,  and  the  like,  that  are  necessary. 

The  law  of  compensation  applies  to  mechanics  as  well  as 
elsewhere  in  industry,  and  when  we  attempt  to  work  to 
closer  limits  at  the  expense  of  increased  operations,  we  must 
pay  somehow.  This  is  not  to  be  considered  as  an  argument 
against  such  a  procedure,  but  an  appeal  for  commonsense  in 
interchangeable  manufacture,  not  to  make  the  work  easier, 
but  to  reduce  the  cost,  and  the  firms  that  are  really  making 
a  good  interchangeable  product  are  those  that  have  analyzed 
all  the  different  conditions  and  hold  the  extremely  accurate 
dimensions  at  a  minimum.  Neither  should  it  be  thought  from 
what  has  been  said  that  close  dimensions  may  not  be  neces- 
sary or  desirable.  Some  companies  require  them  much 
closer  than  do  others.  It  then  becomes  a  question  of  whether 
the  price  received  for  the  finished  apparatus  is  commensurate 
with  the  close  limits  imposed.  If  not,  it  is  a  matter  of  in- 
creasing the  tolerances  so  as  to  permit  manufacture  on  a 
cheaper  basis.  In  other  words,  the  percentage  of  rejections 
that  can  be  tolerated  must  be  figured  out  and  kept  within 
that  limit.  For  instance,  on  an  apparatus  costing  $10,  for 
which  a  liberal  price  is  asked  and  received,  an  allowance  of 
50  cents  per  apparatus  for  rejections  may  not  be  excessive. 
If,  on  the  other  hand,  the  price  is  close,  50  cents  may  mean 
the  difference  between  profit  and  loss.  This  is  a  matter  of 
policy  to  be  settled  by  the  administration  and  not  by  the 
shop,  although  we  very  often  lose  sight  of  this  fact. 

In  my  opinion,  there  are  no  such  things  as  close  tolerances. 
All  are  relative,  and  we  only  court  trouble  when  we  try  to 
take  too  many  steps  at  once.  One-half  thousandth  is  only  5 
per  cent  of  0.0001  and  the  chance  of  securing  that  accuracy 
in  quantity  in  one  step  is  about  5  per  cent  multiplied  by  the 
extra  cost.  But  0.0005  is  50  per  cent  of  0.0010  and  the 
probabilities  are  increased  in  the  same  ratio.  So  we  may  lay 
it  down  as  a  truism  that  subdivided  operations  are  a  func- 
tion of  accuracy. 

Analyzing  our  fundamentals,  we  find  that  the  three  ways 
in  which  interchangeable  parts  can  be  secured  are  by: 

(1)  Obtaining  a   percentage  of  good   ones,  with  close 
tolerances 

(2)  Bv  civiner  individual  attention  to  each  nipce 
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The  first  way  is  wasteful ;  the  second  is  not  manufactur- 
ing; the  third  means  liberal  unnecessary  allowances  and 
close  necessary  ones,  with  the  operations  divided  so  that  each 
individual  working  upon  the  part  has  but  one  thing  to  do. 
Thus,  on  a  small  shaft  with  six  diameters  all  ground  to  a 
0.0005-in.  limit,  there  should  be  six  roughing  and  six  finish- 
ing operations,  because  (a)  different  wheels  may  be  used; 
(6)  less  skilled  men  may  be  employed  with  less  chance  of 
scrap;   (c)  the  wheel  will  be  in  better  condition  and  will  net 


need  dressing  so  often  and  the  operator  will  not  have  to 
change  his  sense  of  proportion,  "hog  off"  material  one  mo- 
ment and  hardly  touch  it  the  next;  (d)  the  finishing  opera- 
tions may  always  be  done  on  the  most  accurate  machine;  and 
(e)  last,  but  not  least,  as  a  rule  a  single  machine  operator 
can  finish  more  work  to  close  dimensions  in  four  operations 
than  four  different  machinists  who  possess  the  same  average 
ability  can  in  one  operation. — C.  B.  Lord  before  American 
Society  of  Mechanical  Engineers. 


AIR  COOLED  ENGINE  DEVELOPMENT 


(Concluded  from  page  141) 


in  that  the  airflow  through  the  radiator  is  restricted, 
due  to  the  length  of  the  tubes  to  be  traversed,  the  ineffi- 
cient shape  of  the  entrance  and  outlet  of  each  tube  and 
the  restriction  back  of  the  radiator  which  is  often  very 
great.  In  the  case  of  the  cylinder,  the  fins  offer  less  re- 
sistance to  the  air  because  they  are  comparatively  shal- 
low and  tapered,  and  the  propeller  pulsations  produce  a 
condition  of  turbulence  back  of  the  cylinder  that  carries 
away  the  air  located  behind  it.  It  will  be  seen  that,  al- 
though it  is  not  possible  to  arrive  at  any  definite  figures, 
the  cooling  of  the  cylinder  per  square  foot  of  area  is 
much  more  efficient  than  that  of  the  radiator  per  square 
foot  of  area ;  hence  the  need  for  much  less  radiating  sur- 
face to  produce  the  same  result. 

At  present  data  are  not  available  to  determine  the  com- 
parative resistance  of  the  two  types  installed  in  similar 
airplanes,  but  it  is  hoped  that  the  necessary  informa- 
tion will  become  available  during  this  year.  However, 
it  is  fair  to  state  that,  since  the  use  of  radial  air-cooled 
engines  is  in  its  infancy,  much  better  methods  of  install- 
ing and  cowling  these  engines  will  be  developed.  An  ex- 
ample of  work  along  these  lines  is  the  wind-tunnel  test  of 
a  British  airplane,  the  Westland  Weasel,  a  small  pur- 
suit plane  equipped  with  an  A.  B.  C.  Dragonfly  engine 
having  a  diameter  of  nearly  49  in.  The  tests  were  made 
at  a  velocity  of  100  ft.  per  sec.  The  resistance  of  the 
fuselage   without   the   cylinders    and   with   the   cylinder 


openings  faired  is  0.270  lb.;  with  the  cylinders  in  place 
it  is  0.616  and  with  crusader  cowls  0.444  lb. 

The  crusader  cowl  is  a  form  of  cowl  attached  to  the 
head  of  each  cylinder  and  somewhat  resembling  a  helmet 
of  the  type  having  a  small  visor  and  a  curved-up  portion 
at  the  rear  for  the  protection  of  the  neck.  The  fuselage 
resistance  is  increased  128  per  cent  by  the  addition  of  the 
cylinders,  but  is  increased  only  65  per  cent  with  the  use 
of  the  cowls.  The  fuselage  without  cylinders  is  nothing 
but  a  round-section  streamlined  body  and  it  is  reasonable 
to  believe  that  the  addition  of  any  water-cooled  engine 
of  equal  power,  with  radiators  and  the  like,  would  have 
caused  considerable  increase  in  the  amount  of  the  resist- 
ance to  the  passage  of  the  aircraft  through  the  air. 

Another  possible  method  of  installing  air-cooled  en- 
gines is  that  of  completely  enclosing  the  engine  in  a 
cowl.  The  Smith  engine,  developed  some  years  ago,  was 
completely  enclosed  and  provided  for  cooling  the  cylin- 
ders not  only  at  the  front  but  at  the  back,  taking  the  air 
from  an  opening  around  the  propeller-hub.  When  tested 
at  McCook  Field,  an  engine  of  this  type  showed  very 
good  cooling.  On  airplanes  other  than  those  of  the  pur- 
suit type,  in  which  the  engine  is  out  of  all  proportion 
to  the  size  of  the  plane,  such  an  installation  should  be 
possible  and  enable  us  to  obtain  the  low  fuselage  resist- 
ance of  the  water-cooled-engine  ship,  with  the  admitted 
advantages  of  the  air-cooled  engine. 


THOMPSON  AUTORIFLE 

(Concluded  from  page  134) 


the  advantages  of  semi-automatic  fire  in  battle  are  not  fully 
conceded  by  all  military  experts.  Rapidity  of  fire,  however, 
has  been  one  of  the  most  important  considerations  affecting 
the  design  of  small  arms  since  time  immemorial. 

Probably  no  tradition  of  our  Army  is  cherished  so  dearly 
as  the  proverbial  markmanship  of  the  American  soldier. 
This  tradition  has  been  fostered  by  most  careful  training 
methods  to  such  an  extent  that  it  is  seldom,  if  ever,  that  an 
American  rifle  team  is  defeated  in  international  competition. 
The  degree  of  proficiency  obtained  by  American  Army  train- 
ing methods  with  the  enlarged  forces  involved  in  the  war, 
was  certainly  successful  in  that  the  American  soldier,  as  a 
rule,  was  superior  in  marksmanship  to  his  allied  comrades 
in  arms,  and  equal  to  at  least  the  best  trained  enemy  forces. 
With  the  advances  made  during  the  last  century  in  the  appli- 
cation of  the  principle  of  replacing  man-power  by  machine- 
power,  the  advent  of  automatic  fire  in  replacing  .hand-loaded 
fire  cannot  be  far  distant.  If,  to  hold  a  position  that  is  op- 
posed by  isolated  units  of  automatic  fire,  it  is  necessary  to 
concentrate    thickly    marksmen    using    hand-loaded    weapons 


our  world-war  experience  has  shown  us  that  the  price  is  paid 
in  blood. 

Advantages  of  Automatic-Rifle  Firing 

At  the  critical  moment  that  occurs  in  every  battle,  other 
things  being  equal,  the  side  that  brings  the  preponderance 
of  lead  to  bear  will  be  victorious.  If,  by  the  adoption  of  a 
semi-automatic  shoulder  rifle  it  is  made  possible  for  the 
soldier  to  deliver  at  the  critical  moment  40  aimed  shots  per 
minute  against  the  soldier  who  with  his  hand-loaded  weapon 
fires  20,  the  result  can  be  surmised. 

However,  in  the  past,  .the  semi-automatic  shoulder  rifle 
weighing  under  10  lb.  and  firing  the  high-powered  military 
cartridge  has  not  only  proved  unreliable  in  action,  but  totally 
unable  to  endure  the  many  rigors  required  of  it.  If  the  self- 
acting  lock  is  an  answer  to  the  many  problems  involved, 
the  prestige  of  the  American  gun  engineer  will  move  one  step 
above  the  stage  to  which  it  has  been  raised  throughout  each 
decade  by  such  inventors  as  Hall,  Maynard,  Henry,  Sharp, 
Rider,  Lewis  and   Browning. — Col.   H.  E.   Hartney  in  Army 
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ACTIVITIES  OF  THE  SECTIONS 


cretaries  of  the  Sections 

Buffalo  Section— C.  A   Criqui,  chairman,  Sterling  Engine  Co.,  Buffalo 

(  1 1. mi  \m.  Section— E.  \V.  Weaver,  BIOS  Euclid  Avenue,  Cleveland 

Dayton   Section— R.  B.  May.  Dayton   Engineering  Laboratories  Co.,  Dayton,  Ohio 

Detboh  Section— B.  B  |  secretary,  1361  Book  Building,  Detroit 

Indiana  Section— B.  F.  Kelly,  Weidely  Motors  Co.,  Indianapolis 

Metropolitan  Section— F.  E.  McKone,  347  Madison  Avenue,  New  York  City 

Mid-West  Section— T.  Milton,  L40  South  Dearborn  Street,  Chicago 

Minneapolis  Section-  C.  T.  Stevens,  Reinhard  Brothers  Co.,  Minneapolis 

New  England  Section— H.  E.  Morton,  B.  I  ■'.  Sturtevant  Co.,  Eyde  Park,  Boston 

Pennsylvania  Section— T.  F.  Cullen,  Chilton  Co.,  Market  and  49th  Streets, 

Philadelphia 
Washington  Section— B.  R.  Newcomb,  :!ii  Victor  Building,  City  of  Washington 


AT  the  invitation  of  the  Burlington,  Vt.,  Chamber  of  Com- 
merce, President  Beecroft  pave  an  address  on  commer- 
cial aviation  before  that  body  on  Jan.  4. 

At  the  Washington  Section  meeting  on  Jan.  fi  an  account 
of  the  remarkable  regularity  of  the  Air  Mail  Service  was 
given.  The  speakers  were  Second  Assistant  Postmaster  Gen- 
eral E.  H.  Shaughnessy,  C.  L.  Egge,  general  superintendent 
of  the  Air  Mail  Service,  and  Major  II.  W.  Harms. 

The  Metropolitan  Section  joined  the  local  section  of  the 
American  Society  of  Mechanical  Engineers  in  a  meeting  on 
Jan.  IT,  at  the  Engineering  Societies  Building.  P.  L.  Battey 
gave  a  paper  on  the  design  of  a  plant  for  the  production  of 
automobiles  on  the  progressive-assembly  plan. 

The  Buffalo  Section  on  Jan.  17  heard  with  interest  Prof. 
F.  O.  Ellenwood  talk  on  Pneumatic  Truck.  Tire  Tem- 
peratures. He  had  spent  some  months  in  devising  instru- 
ments for  measuring  these  temperatures  to  obtain  data  on 
the  origin  and  radiation  of  heat  in  tires.  On  Jan.  24  Major 
L.  B.  Lent,  formerly  general  superintendent  of  the  Air  Mail 
Service,  gave  one  of  the  best  papers  of  the  entire  aviation 
series  before  the  members  of  the  Buffalo  Section.  His  cost 
analysis  of  the  Air  Mail  Service  was  of  extreme  interest. 

C.  H.  Norton  gave  a  paper  on  grinding  machines  and 
processes  before  the  New  England  Section  at  the  Boston 
Engineers  Club  on  Jan.  20. 

R.  W.  Daniels  spoke  on  Duralumin  at  the  Cleveland  Sec- 
tion meeting  on  Jan.  20.  This  remarkable  alloy  is  of  prac- 
tical interest  at  this  time  because  of  its  growing  use  in  the 
aviation  industry. 

Coming  Aviation  Sessions 

It  is  the  intention  of  the  members  of  the  Society  located  in 
Cincinnati  to  hold  an  aviation  meeting  early  in  February, 
probably  on  Feb.  2.  Invitations  will  be  issued  to  the  local 
section  of  the  American  Society  of  Mechanical  Engineers,  the 
Chamber  of  Commerce  and  other  organizations  to  join  with 
the  members  of  the  Society  in  this  meeting. 

San  Francisco,  while  not  having  a  regularly  constituted 
Section  of  the  Society,  has  a  live  local  committee,  headed  by 
Frank  B.  Drake,  which  has  arranged  some  interesting  meet- 
ings for  the  members  of  the  Society  in  that  territory.  This 
committee  has  planned  to  have  a  speaker  on  commercial 
aviation  and  to  show  the  moving  pictures  of  the  bombing  of 
ex-German  war  vessels  by  aircraft  at  a  meeting  on  Feb.  16. 
It  is  expected  that  the  Los  Angeles  and  the  Seattle  gi  i 
will  hold  similar  meetings  during  the  month  of  February. 

Annual  Report  of  the  Sections  Committee 

At  the  Summer  Meeting  of  the  Society  held  at  West 
Baden  last  May  the  Sections  Committee  made  the  pro- 


Committee  of  each  Section  to  arrange  its  schedule  of 
meetings  for  the  ensuing  year  well  in  advance.  It  was 
believed  that  with  proper  attention  the  dates  of  meet- 
ings could  be  fixed  for  the  entire  year  and  that  the  full 
program  of  subjects  to  be  treated  could  be  outlined  at 


Schedule  of  Sections  Meetings 

FEBRUARY 

8 — Washington  Section 

3 — Mid-West  Section — Modern  Ideas  About  the 
Nature  of  Matter  —  Address  by  Prof. 
H.  B.  Lemon 

8 — Minneapolis  Section  —  Road-Building  Ma- 
chinery and  Engineering 
10 — New  England  Section  —  Isolated  Lighting 
Plant  Meeting  at  Boston  or  Worcester — 
Paper  by  Mr.  Wilkins,  of  the  H.  C.  Dodge 
Co. 

16 — San  Francisco — Aviation  Meeting 

21 — Buffalo   Section — Resilient  Wheels — Paper 

by  A.  C.  Vauclain 
21 — Metropolitan  Section — Motorboat  Meeting 
23 — Pennsylvania   Section  —  Current  Business 

Conditions  and  the   Engineer's   Place  in 

Commercial  Development 
24 — Detroit  Section — Light- Weight  Pistons  and 

Piston-Rings— Paper  by  F.  Jehle  and  F. 

Jardine 

MARCH 

7 — Dayton  Section  —  Recent  Developments  in 
Water-Cooling — Paper  by  L.  L.  Snow 

10 — New  England  Section — Business  Aspects  of 
the  Automotive  Industry 

16 — Metropolitan  Section 

21 — Buffalo  Section— Electric  Wiring  Systems 
—Paper  by  W.  S.  Haggott 

23— Pennsylvania  Section— Batteries  and  Elec- 
trical Equipment.  Also  paper  by  J.  M. 
Teasdale 

24 — Detroit  Section 

31— Mid-West  Section  —  Various  Commercial 
1  uels  and  Their  Relative  Characteristics 
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the  beginning  of  the  season.  It  was  thought  also  that 
in  a  great  many  cases  it  would  be  possible  to  schedule 
the  desired  speakers  a  number  of  months  in  advance 
of  the  presentation  of  their  papers.  The  Sections  Com- 
mittee believed  that  such  activity  on  the  part  of  the 
Program  Committees  would  result  in  better  papers  and 
larger  audiences. 

In  the  Sections  that  followed  this  suggested  proced- 
ure the  results  have  been  highly  satisfactory.  By  noti- 
fying the  Section  members  well  in  advance  of  the  dates 
and  subjects  of  meetings  throughout  the  year,  a  larger 
attendance  has  been  secured,  and  by  allowing  speakers 
sufficient  time  for  preparation  better  papers  have  been 
presented.  It  is  recommended  that  all  of  the  Sections 
fix  the  dates,  select  the  subjects  and,  so  far  as  possible, 
arrange  for  the  speakers  at  once  for  the  rest  of  their 
season,  if  this  has  not  already  been  done. 

At  the  Sections  luncheon  at  West  Baden  the  sugges- 
tion was  made  that  extension  meetings  be  held  from 
time  to  time  in  cities  where  no  Sections  are  established. 
Another  idea  was  that  one  month  of  the  year  be  devoted 
to  the  special  consideration  of  the  status  of  Commercial 
Aviation.  Accordingly,  Aviation  meetings  have  been 
held  or  will  be  held  shortly  at  Boston,  Buffalo,  Cleve- 
land, Detroit,  Indianapolis,  New  York  City,  Chicago, 
Philadelphia,  City  of  Washington,  St.  Louis,  Burling- 
ton, Vt.,  San  Francisco,  Los  Angeles,  and  Seattle. 
Speakers    for   these   meetings   were    selected   not   only 


from  the  membership  of  the  Society  but  from  the  per- 
sonnel of  various  organizations  engaged  in  aviation,  in- 
cluding the  War,  Navy  and  Post-Office  Departments. 
A  large  amount  of  information  was  brought  out  show- 
ing the  progress  that  has  been  made  recently  in  com- 
mercial aviation,  and  consideration  was  given  to  the 
retarding  influences  that  are  now  acting  against  more 
rapid  development  in  this  field.  The  attendance  at  the 
meetings  was  in  general  over  twice  the  normal  at- 
tendance at  Sections  Meetings.  There  was  a  consid- 
erable amount  of  newspaper  publicity  in  connection  with 
them.  It  is  believed  that  the  meetings  were  of  real 
assistance  to  the  aviation  industry  in  acquainting  the 
public  with  the  truth  of  the  present  situation  as  it  af- 
fects that  particular  branch  of  the  automotive  industry. 
In  a  number  of  the  cities  at  which  Sections  of  the 
Society  are  located  discussion  has  been  had  as  to  the 
desirability  of  some  sort  of  affiliation  between  sections 
and  the  respective  local  engineering  societies  or  clubs. 
The  Sections  Committee  has  kept  in  touch  with  these 
developments,  considering  each  case  on  its  merits,  and 
recommended  in  some  instances  a  form  of  affiliation. 

The  Committee  feels  that  the  Sections  have  coop 
erated  with  it  in  an  admirable  manner,  and  trusts  that 
they  will  maintain  close  contact,  through  the  office  ot 
the  Society,  with  the  1922  Sections  Committee. — 
(Signed)  Hugh  R.  Corse,  Chairman  of  the  Sections 
Committee. 


OBITUARY 


Clarence  E.  Rogers,  chief  engineer  of  the  Huffman  Bros. 
Motor  Co.,  died  at  his  home  in  Elkhart,  Ind.,  Dec.  18,  1921, 
aged  36  years.  He  was  born  in  St.  Joseph  County,  Ind.,  on 
Sept.  23,  1885,  and  was  graduated  from  the  local  grammar 
school  in  1901.  His  other  education  was  a  correspondence 
course  in  mechanical  engineering  that  he  completed  in  1905. 

Mr.  Rogers'  business  experience  began  in  November,  1905, 
with  his  entrance  into  the  service  of  the  Dodge  Mfg.  Co., 
Mishawaka,  Ind.,  as  a  machine  operator,  where  he  remained 
until  March,  1907,  when  he  became  associated  with  the  Am- 
plex  Motor  Car  Co.,  also  of  Mishawaka,  as  a  tracer  and  de- 
tailer  on  automobile  work.  In  October,  1909,  he  accepted  a 
position  with  the  Advance-Rumely  Co.  at  Laporte,  Ind.,  where 
he  was  engaged  in  detail  and  layout  work  on  Oil  Pull  com- 
bustion engines  for  approximately  2  years.  He  subsequently 
accepted  a  position  as  chief  draftsman  with  the  Wire  Spe- 
cialty Co.,  South  Bend,  Ind.,  and  was  engaged  dn  special 
wire  forming  machinery,  afterward  becoming  foreman  of  the 
experimental  department,  where  he  designed  wire  and  bend- 


ing machines.  From  April,  1913,  to  July,  1915,  Mr.  Rogers 
was  assistant  chief  draftsman  with  the  Western  Electric 
Co.  at  Chicago,  where  he  developed  special  equipment  for 
telephone  exchanges. 

With  the  exception  of  1  year,  Mr.  Rogers'  connections 
since  January,  1916,  have  been  with  the  automotive  industry 
in  the  vicinity  of  Elkhart,  Ind.  He  was  chief  draftsman 
and  assistant  production  engineer  with  the  Sun  Motor  Car 
Co.  for  approximately  15  months  when  he  entered  the  serv- 
ice of  the  Crow  Motor  Car  Co.  as  chief  inspector.  From 
June  to  September  of  1917  he  was  engaged  as  a  tool  and  jig 
designer  by  the  Foster  Machine  Co.  In  September,  1917,  Mr. 
Rogers  was  compelled  to  relinquish  this  position  on  account 
of  poor  health  and  for  a  year  was  a  salesman  for  the  Alumi- 
num Cooking  Utensil  Co.  of  New  Kensington,  Pa.  In  October, 
1918,  he  was  appointed  chief  engineer  of  the  Huffman  Bros. 
Motor  Co.,  a  position  that  he  held  continuously  until  the  time 
of  his  death.  Mr.  Rogers  was  elected  to  Member  grade  in 
the  Society,  Dec.  10,  1919.     His  widow  survives  him. 


THE  WIND-TUNNEL 


THE  wind-tunnel,  established  for  the  purpose  of  aeronau- 
tical instruction,  opens  a  wide  field  for  scientific  re- 
search. The  fundamental  laws  of  fluid  dynamics  are  still  in 
the  elementary  stage  and  require  empirical  research  of  a 
highly  specialized  nature. 

There  are  many  applications  of  wind-tunnel  work  outside 
the  confinements  of  mechanical  flight.  The  Government  wind- 
tunnel  sections  receive  inquiries  of  divers  nature  from  blower 
companies,  ventilation  engineers,  fan  manufacturers,  wind- 
mill designers  and  designers  of  wind-bracing;  in  fact  from 
all  the  older  branches  of  engineering  wherein  the  phenomena 
of  fluid  dynamics  play  a  part.  Examples  are:  tests  on  the 
wind  resistance  of  roofs  and  buildings,  the  windage  of  battle- 
ships, the  heat  conduction  of  radiators  due  to  air-flow,  the 
calibration   of    flowmeters,   the   action   of   ventilating   appa- 


leorological  movements  of  the  wind,  the  nature  of  the  flow 
of  gases  in  pipes  and  the  question  of  noise  propagation  in 
the  air  by  ventilation  apparatus. 

Without  the  wind-tunnel  there  is  no  way  to  find  out  pre- 
cisely what  the  air  does  in  any  given  application.  Suppose, 
for  example,  a  blower  manufacturer  suspects  he  can  improve 
the  efficiency  of  his  product,  perhaps  by  changing  the  shape 
of  the  impeller  vanes.  In  the  past  he  availed  himself  of  the 
cut-and-try  method,  making  up  one  after  another  full-sized 
impeller  wheel  until  satisfactory  results  were  obtained.  To- 
day he  can  go  to  the  wind-tunnel,  secure  tests  on  small 
models  of  isolated  blades,  and  from  the  coefficients  thus  de- 
termined design  his  machine  with  full  assurance  of  success. 
Wind-tunnel  coefficients  have  been  found  to  apply  with  great 
success  to  the  case  of  rotary  blowers. — E.  N.  Fales  and  F.  W. 
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Qualified 


The  following  applicants  have  qualified  for  admission 
to  the  Society  between  Dec.  10,  1921,  and  Jan.  10,  1«22. 
The  various  grades  of  mi  Indicated  by   (M) 

If  ember;  (A)  Associate  Member;  (J)  Junior;  (Aft) 
.\tnilate:  (S  Mi  Service  Member;  (F  Mi  Foreign  Mem- 
bar  .   (  B  B  i   Enrolled  Student 

Arrow    Pkrct  John  (A)  b  Jesman,  Associated  Equipment 

\\     thametow,  London,   E3.   17,  i   I'larendon 

.  London,  8,    Vf    I       Bnptond 

Backus.  Hakolp  a    Oil  chief  Inspector  and  metallurgist.  Gallaudet 
raft  Corporation,  East   G'  R.    / 

Bauman.  JOHN  Nevis  <E  S)  student.  University  of  Michigan.  .Inn 
Artor,  Mich.,  (mall)   1109  Prospect  Sti ■ 

Bock.  Oscar  Louis  (E  S)  Iowa  State  College,  Ames,  Iowa,  (mall) 
.116  Lincoln  Way, 

Borreson,  Harry  (A)  foreman  of  practical  test  laboratory,  Amerl- 
...11  Bosch  Magneto  Corporation,  520  .North  Main  Street. 
Sprimiu,  hi.    Mais. 

Carlson,    R    E.    (S    Mi    chief  of   tank    section,    tank,    tractor   and 
er  division.  Chief  of  Ordnau. .     (    '/   of   Washin< 

'•[.INK.  Eaki.  K.   'Mi   Kim. st  Holmes  Co..  CJiatfaiiooi/o,  renn.,  (mall) 
Avenue. 

Coburn,  H.  H.  (Mi  Wellesley  School  Department,  (mall)  320  Wash- 
ington Str<  ley  Hills,  Mass. 

Diederichs.  H.  (M)  director  of  school  of  engineering,  Cornell  Uni- 
versity, /thai  a.  .V.  1'. 

Eastman.  Edward  H.  (E  S)  student,  Iowa  State  College.  Ames, 
Iowa,  (mall)   203  Welch  Avenue. 

Kisiikr.    Carl    Herbert    (A)    assistant    service    manager.    General 
rs    Ltd.,  London,  S.  W.  7.  (mail)  24  Mlnet  Avenue,  fforles- 
it  'i.  London.  X.  W.  10. 

Fitzpatrick.  James  R.  (M)  secretary.  Haskelite  Mfg.  Corporation, 
133  West  Washington  Street,  Chicago. 

Floro.  Martiniano  (E  S)  student.  University  of  Illinois,  Urbana, 
111.    (mall)   P.  O.  Box  563.  Station  A.,  C/iampaiffri,  111. 

ter.    Lot-is    T.     (A)     president    and    secretary,    Berks    Auto- 
Ignttlon  Co.,  514  Cherry  Street.  Reading,  Pa. 

Glenn.  John  W.  (A)  president  and  general  manager.  Glenmore  Co.. 
Inc.,  169  Delaware  Avenue,  Buffalo. 

Good    Charles   Winfred    <M)    instructor,   University   of  Michigan, 
■i  Arbor,  Mich  ,   (mall)    1014  Cornw.-ll    l'lace. 

Hart,  Richard  Lecki.h.er  (E  S)  student,  University  of  Michigan. 
Ann  .-lrfcor.  Mich.,  i  in. nil    108   East  Washington  street. 


Howell,  K.  J.   (J)   S02  Ocean  Ainu-    .\  ■  w  London,  Conn, 

Johnson,  Carl  A     c.\Ii    sales   engi]  I    Roller  Bearing  Co.. 

.go,  (mall  i   R,  i'    i  ■    ;..  Box   i  .  Ind. 

Kihkpatrick.     \\  .1       (A)     assistant     service     manager.     A. 

.ler'.s    Son.    Inc.,    Brooklyn.    \      I    .    (mall)     170    v.nderbilt 

aae. 

La  Hvttk.     i  .  \i  mans  iglneer,  Southern  dlvl 

n  Tru.k  .  \    v  .  .  mall  |   822  Peach- 

tree  Street,  Atlanta,  Qa. 

Lovejot.  Rn.ru   M.   (A)   president,   Lovejoy   Mfg.  Co.,  39  Brii 
Avenue,  Boston. 

M.l.KRiE.  A.  G.   (A)  officers'  mess,  Canadian  Air  Force,  Camp  Bor- 
Ont.,  iniiada. 

Mii.ini.    Howard    A.    (J)    Junior    partner.    Automotive    Service    Co., 
Plymouth  Avenue,  South  Rochester,  n.  y. 

Parks   Charles  I  V)  president  Campbell- 

Ftnlej    Motor  Co.,   Ofclohoi  ..;.!. i,    (mall)    2110  Classen 

1  loulevard. 

Parr.  C.  H.  (M)  engineer,  Hart  Parr  Co  Charles  City,  Inwa, 
(mail  1    I""   Etulln   S 

Raycroft   Louis  B.  f.   (At  manager,  Boston  service  depot,  Electric 

Storage  Battery  Co..   Philadelp nail)    720   Beacon  Street. 

Boston. 

Ripley.  Joseph  P.    <M)   general  manager,   Brewster  &  Co.,  Queens 
Long  Island  City,  s.   Y 

Robmbr,  Arthur  (M)  designer,  Hupp  Motor  Car  Corporation. 
Detroit,  (mail)   2579  Field  Avenue. 

Sackett,  A.  H.   (A)  service  manager,  Elgin  Motor  Car  Corporation, 
•  ago,  (mail)   5221  Drexel  Avenue, 

Schilling.  C.  A.  (A)  chief  Inspector,  Yuba  Mfg.  Co..  Bcnicia,  Cal., 
(mall)    P.   O.   Box  856. 

Seiss    George  J.   (A)   president,  chief  designer  and  estimator.  Seiss 
g.   Co.,  3S35  Alexis  Avenue.  Toledo. 

Seiarpe.  C.  H.  F.  (J)  care  of  Rev.  H.  F.  Sharpe,  Claremottt  P.  0., 
Jamaica,  British  West  Indies, 

Sharon  Pressed  Steel  Co..   (Aft)   Sharon,  Pa. 
Representatives : 

Brunst.  R.  O..  chief  draftsman. 

Reid.  R.  B..  sales  manager. 

Zellmann,   H.  W.,  general  superintendent. 

Sii-.iggs.  Cecil  T.  (E  S)  student,  Rensselaer  Polytechnic  Institute. 
Troy,  iV.  Y.,  (mail)  1995  15th  Street. 

Stalnaker  R.  H.  (A)  assistant  highway  engineer,  California  High- 
way Commission,  Forum  Building,  Sacramento,  Cal. 

Stuoebel.  George  Arthur  (E  S)  student,  Rensselaer  Polytechnic 
Institute,  Troy,  N.  Y.,  (mail)    145  Eighth  Street. 

S.knson.  Charles  W.  (A)  mechanical  /suPe'-'nt/1n(J|"V C^"  fcreW 
Corporation.  New  Britain,  Conn.,  (mail)   41  Park  Terrace. 

Terhune  John  E.  (A)  superintendent,  Cox  Brass  Mfg.  Co..  Albany, 
N.  Y.,  (mail)   86  North  Allen  Street. 

Williamson.  John  Earl  (E  S)  student  in  mechanical  engineering 
Rensselaer  Polytechnic  Institute.  Troy,  N.  Y.,  (mail)  2-4-  Utii 
Street. 

IounO.  Raymond  William  (E  S)  student  Yale  University,  New 
Haven,  Conn.,   (mall)    Box  1294,  Yale  University, 

Willis,   Rkx  C.    (A)    731   Larkln   Street.   San   Francisco. 
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f< 


or 


Membership 

The  applications  for  membership  received  between  Dec. 
24.  1921  and  Jan.  16,  1922,  are  given  below.  The  members 
of  the  Society  are  urged  to  send  any  pertinent  information 
with  regard  to  those  listed  that  the  Council  should  have 
for  consideration  prior  to  their  election.  It  is  requested 
that  such  communications  from  members  be  sent  promptly. 

Addams.  Charles  D.,  sales  engineer,  Bearings  Co.  of  America.  Lon- 
caster,  Pa. 

Baybutt,  Johx  W.,  draftsman,  Selden  Truck  Corporation,  Rochester, 
N.  Y. 

Buck,   Arthur   V,   repair   shop   foreman,   Hahn   Motor   Truck   Co., 
Hamburg,  Pa. 

Buggie.    Horace    H.,    vice-president    and    general    manager.    Dura 
Mechanical  Hardware  Co.,  Toledo. 

Bus  Transportation,  10th  Avenue  at  36th  Street,  New  York  City. 
(Affiliate  membership). 

Clarke,  James  Russell,  president,  American  LaFrance  Fire  Engine 
Co.,  New  York  City. 

Clarke,    James   Russell,    Jr..    student.    Cornell    University,    Ithaca, 
N.    Y. 

Cooper,  M.  S..  vice-president.  Asbestos  &  Rubber  Works  of  America. 
Inc.,  New   York   City. 

Craig.   Norman,   president  and  general   manager.   Light  Alloys  Co., 

'  /'  t  <  land. 

Davis,  William  X..  body  engineer.  Cadillac  Motor  Car  Co.,  Detroit. 

Dun,   Fat  A.,    instructor,    Ohio   State   University,    Columbus,   Ohio. 

Eddison,    W.    Barton,    consulting    engineer,    366    Madison    Avenue.        Tilden.   Merrill  W.,  president,   Falls  Motors  Corporation.   Sheboy- 
New  York  City.  gan  Falls.  Wis. 

Gallaudet.    Edson    F..    chief    engineer    and   chairman    of   board    of        Tour,  Sam.   metallurgist.  Doehler  Die-Casting  Co..   Brooklyn.  N.   Y. 
directors,  Gallaudet  Aircraft  Corporation,  East  Greenwich,  R.I. 

Tree,  Russell  M.,  technical  supervisor,  Kenosha  branch.  American 
Goodwin.    G.   J.,   instructor.    Northeastern   College,    Boston.  Brass   Co.,   Kenosha,   Wis. 

Goudy,    Carl   F.,    instructor.   Pratt   Institute,   Brooklyn,  N.    Y. 

Harding.    John.    Jr..    aviation    mechanician,    engineering    division, 


Hopkins,    Peter    A.,    mechanical    engineer,    Penn    Spring    Works. 
Baldwinsville,  N.  Y. 

Johnson,  Andrew  F..   instructor.   Correspondence   School  for  Auto- 
mobile  Body-Makers,    Gray,   Me. 

Johnson.  William  G..  engineer,  Commonwealth  Motors  Co.,  Joliet, 

Johnston.   William   Stanley,   engineer,   Motor  Wheel  Corporation, 
Lansing,  Mich. 

Keith.     Robert    R.,    superintendent,    International    Harvester    Co.. 
' '  h  i  •  a  go. 

Kepler.    Arthur   R.,    sales    engineer,    Stewart-Warner    Speedometer 
Corporation.    Chicago. 

Lindt,    Major   John    H.,    United    States    Military    Academy,    West 
Point,  N.    Y. 

Madelung.    Georg    H..    airplane    designer.    Glenn     L.     Martin    Co., 
Cleveland. 

Marvin,     Charles     Frederick,     student,     Ohio     State     University. 
Columbus,   Ohio. 

Nigg,    H     N..    vice-president    and    general    manager,    Detroit    Bevel 
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How  the  Engineer  Can  Help  Business 


By  K.  II.  Grant2 


IT  would  be  of  little  avail  for  me  to  tell  what  the 
engineer  can  do  to  help  business  as  it  stands  today 
unless  we  agree  on  how  business  stands  today.  I 
believe  that  we  can  look  forward  into  the  future  with 
optimism.  Let  us  examine  the  case  and  see  whether 
we  have  any  grounds  for  coming  to  that  conclusion. 
To  do  that  we  must  go  back  to  L914.  Then  this 
Country  was  having  a  hard  time  to  sell  goods.  At  that 
time  I  was  sales-manager  of  the  National  Cash  Register 
We  had  a  powerful  selling  force  but  were  having 
a  difficult  time  to  dispose  of  our  product  in  the  usual 
quantities  because  the  retail  merchants  to  whom  we 
sold  were  in  trouble.  A  new  tariff  law  had  just  be- 
come effective  and  the  Country  was  being  Hooded  with 
goods  from  abroad.  We  could  not  keep  our  own  facto- 
ries running.  In  October  1913  we  began  to  find  a  sales 
resistance  such  as  we  had  not   found  since  1907. 

In  1915  the  condition  changed  completely.  The 
countries  of  Europe  were  engaged  in  war  and  stopped 
sending  goods  here.  An  artificial  tariff  wall  was  set  up, 
the  strongest  we  had  ever  known.  There  was  the  great- 
est  demand  we  had  ever  known  for  our  goods  and  we 
began  sending  them  across  the  ocean  as  last  as  the  ships 
would  carry  them.  On  top  of  that  came  higher  wages, 
and  larger  purchasing  power  of  domestic  consumers.  It 
was  a  matter  of  whether  we  could  fill  the  orders.  We 
were  in  the  strongest  sellers'  market  we  had  ever  seen. 
Our  purchasing  agents  became  the  salesmen  and  the 
salesmen  took  on  the  attitude  of  the  former  purchasing 
agent.-.  It  was  a  question  of,  When  can  you  give  it  to 
us?  Can  you  not  give  it  to  us  a  little  quicker'.'  It  was  a 
case  of  taking  anything;  it  was  the  promoter's  time,  the 
promoter's  delight;  anything  would  go  across;  men 
thronged  into  business  who  could  not  have  met  the  com- 
petition that  existed  prior  to  1915.  The  numbers  of  peo- 
ple now  in  certain  industries  are  double  what  they  used 
to  be.  In  addition  there  was  a  tremendous  increase  in 
our  production  facilities.  Machine-tools  were  produced 
in  large  quantities,  our  shops  were  filled  up  with  them 
and  the  floor-space  was  increased.  On  the  farms  we  put 
new  areas  under  cultivation;  we  expanded  in  agriculture 
-  fasl  as  in  manufacture. 
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Post-Armistice  Business 

The  Armistice  was  signed.  It  should  have  been  evi- 
dent to  all  of  us  that  conditions  would  change.  We 
slowed  up,  we  watched  and  waited,  and  we  got  a  little  dif- 
ferent condition  for  2  or  3  months.  Then  suddenly  there 
was  more  business  than  we  had  before.  In  analyzing 
the  situation  we  had  forgotten  that  in  filling  the  de- 
mands of  Europe  we  had  been  holding  back  the  filling  of 
domestic  orders.  We  took  care  of  that  home  consump- 
tion, and  economic  principles  began  to  act.  We  all  planned 
for  a  big  fall  business  in  1920.  We  pyramided  our  orders 
for  raw  material  and  parts.  We  were  figuring  that  our 
shipments  in  September,  October,  November  and  Decem- 
ber would  be  at  least  50  per  cent  greater  than  they  were 
in  the  fall  before,  which  was  a  wonderful  season,  but 
those  who  could  read  saw  signs  as  far  back  as  May  of 
little  hitches  here  and  there  in  the  sales.  Little  quivers 
in  the  sales  curve  began  in  June  and  July. 

Big  Inventories  Maintained 

Did  we  take  any  heed?  Did  we  start  canceling  orders 
for  material?  As  a  rule,  no.  A  few  of  the  wise  ones  did, 
but  they  were  few  and  far  between.  Then  when  that 
wonderful  business  that  was  to  come  in  the  fall  dropped 
down  to  an  off-season  volume,  did  those  pyramided  orders 
drop  down?  They  surely  did  not;  they  piled  up  until  our 
receiving-rooms  were  filled  from  floor  to  ceiling.  What 
happened?  We  had  inventories  large  enough  to  take  care 
of  twice  the  volume  of  business  that  we  expected  to  get. 

We  went  into  January  of  last  year  with  those  big  in- 
ventories. We  had  big  stocks  of  goods  out  in  the  field 
in  the  dealers'  hands.  Our  order  records  were  fairly 
good  in  some  instances,  but  an  order  was  not  a  shipment, 
and  while  Mr.  Distributor  and  Mr.  Dealer  and  Mr.  Sales- 
man and  Mr.  Merchant  were  absorbing  the  excess  stock 
that  we  had  always  carried  as  a  floating  reserve  in  the 
liast,  we  were  not  making  any  shipments  from  the  fac- 
tory.   When  I  say  "we."  I  mean  everybody. 

The  outlook  was  rather  gloomy.  What  did  we  do 
about  it?  We  got  just  as  busy  as  we  could  to  increase 
sales  activity.  Most  of  us  were  not  in  shape  at  that 
time  to  do  anything  with  the  prices.  We  had  big  fixed- 
charges  to  take  care  of.  We  had  expanded ;  our  proper- 
ties were  biirirer:  mavbe  we  had  some  borrowed  money. 
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the  safest  and  soundest  basis  possible,  taking  evei-y 
means  to  decrease  inventories.  That  entailed  hardship 
and  loss.  It  was  one  of  the  most  difficult  things  that  the 
managers  of  business  in  this  Country  ever  had  to  do. 
But  it  was  a  sounder,  saner  thing  than  we  did  in  the 
previous  fall,  when  we  hoped  against  hope  that  a  tre- 
mendous volume  of  sales  would  come. 

Requisite  Conditions  Today 

Today  the  plant  that  cannot  sell  less  product  before  it 
comes  to  the  turning-point  between  profit  and  loss  is  in 
a  very  bad  way.  It  should  be  able  to  make  a  profit  on  the 
sale  of  less  goods  than  it  could  1  year  ago;  otherwise 
it  has  not  been  properly  liquidated.  If  it  has  not  been 
properly  liquidated,  it  certainly  should  make  the  dust  fly 
to  get  into  that  condition. 

Goods  are  beginning  to  come  from  Europe.  At  Christ- 
mas time  we  were  flooded  with  German  cutlery  and  small 
articles  that  do  not  require  big  tooling,  the  things  that 
the  Germans  are  expert  in  making;  and  more  and  more 
goods,  regardless  of  any  tariff  that  is  put  up,  are  bound 
to  stream  into  this  Couutry.  Moreover,  there  is  no  great 
demand  abroad  for  our  manufactured  products,  and  the 
exchange  rates  are  such  that  it  is  most  difficult  to  attempt 
to  sell  goods  even  in  the  countries  that  do  have  a  demand 
for  our  goods.  We  who  are  in  the  manufacturing  busi- 
ness must  first  stimulate  home  consumption  and,  if  we 
have  larger  plants  than  the  amount  of  business  we  can 
do  justifies,  perhaps  we  will  have  to  close  up  a  couple  of 
buildings  or  shut  off  a  portion  of  the  factory,  putting 
ourselves  into  such  shape  that  with  the  amount  of  sales 
expectation  we  have  we  can  go  into  black  figures.  Get- 
ting onto  that  kind  of  a  basis  is  one  of  the  biggest 
achievements  in  doing  business  today. 

Basis  of  Optimism 

Now  as  to  that  optimism  business.  We  have  been 
through  a  period  of  liquidation.  It  started  in  the  basic 
materials,  such  as  wool,  leather,  cotton  and  copper,  before 
it  hit  the  articles  that  we  sell.  It  has  been  going  on  and 
on  until  in  the  case  of  a  lot  of  our  basic  materials  we  are 
down  practically  to  prewar  prices.  In  connection  with 
the  consumption  abroad  of  our  products,  one  cause  for 
great  optimism  exists ;  our  shipments  of  basic  raw  mate- 
rials to  Eui'ope  have  fallen  off  very  little  in  quantity. 
Only  6  per  cent  less  grain  went  to  Europe  in  the  first 
9  months  of  1921  than  in  the  first  9  months  of  1920. 
There  was  a  falling  off  of  values,  to  be  sure.  In  other 
words,  Europe  still  has  an  enormous  purchasing  power 
for  those  raw  materials  that  she  absolutely  has  to  have. 
If  prosperous  conditions  are  to  be  restored  in  this  Coun- 
try, the  farmer  must  resume  buying  goods.  The  farmer 
will  come  back  to  buying  goods  for  the  reason  that 
Europe  will  take  a  great  part  of  the  surplus  he  produces. 
There  is  every  indication  that  she  will  take  just  as  much 
this  year  as  she  did  last  year.  If  Russia  were  shipping 
wheat  to  the  rest  of  the  world,  we  would  have  a  different 
story  to  tell.  Argentina  cannot  supply  all  the  needs.  We 
can  compete  with  her.  Our  surplus  farm  products,  except 
in  the  case  of  corn,  will  be  well  taken  care  of  by  the  de- 
mands from  Europe.    That  is  a  most  encouraging  sign. 

If  I  thought  that  liquidation  is  to  continue  to  the  ulti- 
mate limit,  I  would  say  it  would  be  2  or  3  years  before 
we  could  get  into  the  same  optimistic  frame  of  mind  that 
we  can  get  into  now  if  we  understand  the  situation.  In 
other  words,  if  we  had  to  wait  until  Mr.  Retailer  sells 
his  goods  on  a  proportional  basis  to  Mr.  Wholesaler,  and 
until  the  wage-earner  gets  the  same  wages  that  he  got 


completed  entirely,  and  would  have  a  long,  hard  journey 
ahead  of  us.  We  cannot  do  that,  it  seems  to  me;  a  bar- 
rier is  set  up  by  the  inability  of  the  retailer,  with  his 
high  rents  and  expenses,  to  get  down  to  the  wholesaler's 
level.  In  addition,  wages  cannot  come  down  until  the 
price  of  living  comes  down. 

I  think  that  within  a  few  months  we  shall  take  the 
path  of  least  resistance.  Wholesale  prices  are  showing 
an  upward  tendency.  They  started  some  weeks  ago ;  they 
tumbled  back  again  but  will  make  another  start.  We  will 
do  business  again  in  fair  volume,  not  on  a  boom-time 
basis.  Prices  in  certain  lines  that  have  not  been  liquid- 
ated will  continue  to  come  down.  We  were  on  the  tenth 
story  during  the  war.  We  have  come  down  to  about  the 
fourth  story.  We  will  stay  there  for  a  while  and  do  a 
fair  volume  of  business  for  15  or  16  months.  Then  we 
will  have  another  slowing-up  period  and  go  down  to  the 
third  story.  Finally,  one  of  these  days,  we  will  get  down 
to  the  ground.  That  is  what  has  happened  in  the  past 
in  similar  situations.  Liquidation  has  never  run  to  the 
point  where  everybody  was  evened  up  before  business 
was  resumed.  The  best  authorities  agree  on  that.  That 
is  why  I  am  optimistic  for  the  coming  year.  We  should, 
however,  be  safe  and  sane  optimists.  We  should  not 
expect  that  by  some  miracle  or  channel  that  we  cannot 
reason  out  or  in  some  mysterious  manner  all  of  a  sudden 
a  great  volume  of  sales  will  enable  us  to  Indulge  in  the 
extravagances  we  have  been  indulging  in. 

Factory  Team-Play 

This  is  a  time  when  the  head  of  a  company  ought  to 
be  surrounded  by  at  least  four  good  business-men  work- 
ing hand-in-glove  with  him.  In  the  past  we  have  been 
too  highly  specialized  in  our  four  departments.  My  idea 
of  running  a  business  is  that  there  should  be  a  head,  a 
financial  man,  a  manufacturing  man,  an  engineer  and  a 
salesman.  I  believe  that  in  our  past  operations  great 
extravagances  have  often  been  set  up  because  we  had 
four  specialists  all  working  to  their  own  ends  and  disre- 
garding the  interests  of  the  other  fellows.  We  have  come 
to  a  point  where  those  four  men  should  know  something 
about  the  others'  business.  They  should  cooperate  and 
do  the  best  team-work  that  is  in  them. 

There  have  been  too  many  companies  in  which  the 
treasurer  was  the  only  business-man  and  everybody  else 
was  getting  all  he  could  for  his  department,  thinking  he 
was  serving  the  business  in  a  glorified  fashion,  regard- 
less of  what  he  was  doing  to  the  profit  and  loss  state- 
ment. We  must  not  permit  that  in  these  times.  We  can- 
not afford  to  do  so.  We  must  see  that  every  one  of  these 
men  understands  that  the  reason  we  are  in  business  is, 
not  to  boost  the  sales  department,  not  to  make  the  engi- 
neering department  the  only  well-organized  department, 
not  to  have  mahogany  furniture,  but  to  make  money 
through  selling  a  sound  and  good  product  that  does  good 
to  humanity.  In  the  past  too  few  of  us  have  felt  that 
this  was  the  prime  purpose. 

The  Business  Budget 

To  meet  a  reasonable  volume  of  business,  that  may  still 
be  too  small  for  an  over-expanded  plant,  let  us  all  co- 
operate as  business  men,  lay  out  our  budget,  find  out  what 
sales  we  must  have  against  that  budget,  and  then  get 
them.  I  believe  that  in  these  days  every  business  should 
be  budgeted.  The  comptroller  of  every  company  should 
have  passed  in  to  him  a  statement  fifteen  days  before  the 
month  in  which  the  money  will  be  spent,  showing  just 
exactly  what  every  department-head  will  spend.     That 
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spend  money  until  the  budget  items  have  been  ques- 
tioned, considered  :ntci  approved  by  the  comptroller.  No 
man  running  a  business,  when  a  fellow  comes  up  to  him 

ami  says,  "1  think  we  need  a  new  floor  in  here,"  should 
reply,  "Yes,  go  on  and  put  it  in."  How  does  he  know- 
that  the  treasurer  has  the  money  to  put  that  tloor  in 
during  that  particular  month?  The  budget  should  be 
planned,  the  man  from  the  receiving  department  should 
indicate  how  much  money  is  to  come  in,  and  the  treas- 
urer should  go  over  the  proposition  ami  Bay,  "All  right, 

We  can  afford  to  do  thai  and  we  eannot  afford  to  do  this." 
If  they  eannot  do  it  this  month,  let  them  put  it  off  until 
a  month  when  they  can.  The  four  men  specified,  oper- 
ating together,  should  live  within  the  budget.  If  you 
are  living  within  a  budget,  you  can  prettj  well  bank  on 
it  that  at  the  end  of  the  year  you  are  coming  out  all 
right.  There  has  been  loo  much  tendency  to  let  the  sales- 
manager  steam  ahead  with  a  heavy  advertising  campaign 
involving  expenses  unrelated  to  anything  else.  Have  we 
not  sometimes  had  the  chief  engineer  working  on  a  model 
that  might  be  good  in  1926?  What  good  will  it  do  us 
in  1922?  Is  not  the  manufacturing  man  sometimes 
switching  all  his  machinery  around  to  get  a  better  rout- 
ing when  he  could  save  considerable  money  by  leaving  it 
as  it  was  for  the  amount  of  business  we  happen  to  be 
doing?  tan  we  not  help  each  other  tremendously  by 
coordinating  all  of  those  things  and  welding  them  into 
one  useful  business  policy  that  the  treasurer  finally  says 
can  be  handled?  That  is  a  thing  we  ought  to  look  into 
very  carefully. 

Selecting  Sales  Territory 

I  am  inclined  to  believe  that  in  the  selling  end  of  the 
business  matters  will  be  difficult.  Sales  were  difficult  in 
1911  and  the  2  following  years,  but  we  got  a  good  volume. 
We  were  pretty  keen  as  salesmen  in  those  days;,  we  were 
pretty  hard;  we  were  well  exercised.  We  must  admit  we 
got  out  of  practice  during  the  war;  things  came  too  easy  : 
and  we  are  pretty  much  out  of  practice  yet.  Some  men 
absolutely  did  not  try  to  sell  anything;  they  do  not  know 
now  whether  they  can  sell ;  they  are  just  overcome  and 
are  lying  on  their  franchise.  Other  men  were  of  sterner 
stuff;  they  met  the  conditions  and  got  results. 

What  should  we  be  doing  in  the  sales  end  of  the  busi- 
ness? First,  the  chief  engineer  ought  to  know  something 
about  the  selling,  as  should  the  treasurer  and  the  whole 
team  working  together.  The  management  should  ana- 
lyze what  must  be  done.  A  great  mistake  that  all  of  us 
can  make  this  year  is  trying  to  do  impossible  things  in 
selling  goods.  I  can  take  you  to  sections  of  the  Country 
where,  in  the  case  of  our  particular  .  if  you  spent 

$100,000  in  sales  overhead,  you  would  come  out  at  the 
end  of  the  year  with  about  as  many  lighting  plants  as 
two  good-sized  fellows  could  sell  under  normal  conditio 
The  business  is  not  in  the  woods  in  those  particular  ter- 
ritories. Why  should  we  make  the  mistake  of  burning  up 
a  lot  of  money  trying  to  do  the  impossible?  There  are 
thousands  of  communities  where  sales  can  be  made.  Let 
us  pick  them  out  and  put  'he  best  one  at  the  top  and  the 
next  one  below  it  and  so  forth,  listing  them  according  to 
the  sale-  re.     Let  us  not  burn  up  big  appropria- 

tions advertising  to  dead  ones.     Advertise  to  live  oi 
Work  the  -pots  that  are  good  for  all  that  is  in  them. 

We  are  in  the  refrigerating  business.  The  other  day 
I  found  that  we  had  all  our  efforts  concentrated  up  where 
icicles  were  hanging  off  the  windows,  in  Minneapolis. 
You  can  imagine  going  in  to  see  a  prospect  who,  while 
he  is  ruminating  on  whether  he  will  buy,  sees  a  large 


name  have  we  not  got  those  men  down  in  Florida  where 
it's  hot?"  What  blunders  we  can  make  if  we  do  not  go 
at  the  thing  analytically  all  the  time!  Let  us  know  our 
territories  and  demand  from  those  where  the  business  is 
the  ultimate.  Put  the  money  in  there.  See  to  it  that  we 
have  the  backbone  to  tell  that  distributor  in  that  terri- 
tory "You  get  that  business."  and  lead  him  on  to  get  it. 
It  can  lie  done.  It  will  save  us  a  large  amount  of  money 
evvhere  else. 

Manufacturing  Economy 

On  the  manufacturing  end  of  the  business  every  econ- 
omy that  can  be  effected  should  be  put  into  force.  I  am 
not  in  sympathy  this  year  with  the  idea  of  saving  half  a 
cent  on  some  operation  and  getting  a  $20,000  machine  to 
do  it;  or  with  the  wonderful  expert  who  specifies  where 
an  operation  comes  in  proper  sequence,  if  we  have  to 
upset  our  factory  to  follow  his  instructions.  I  am  not  in 
sympathy  with  changes  that  are  merely  for  looks  or  for 
whimsical  reasons  advanced  by  a  fellow  who  is  not  a 
business-man,  and  takes  out  one  row  of  machines  and 
substitutes  another  that  is  entirely  different.  I  have 
had  the  experience,  after  being  away  from  the  factory 
for  a  couple  of  weeks,  of  going  down  some  familiar  aisle 
and  seeing  something  changed.  I  said,  "Where  are  those 
grinding  machines?" 

"Well,  you  see,  on  account  of  doing  such  and  such  we 
had  to  take  those  out  and  put  these  in." 

"What  for?" 

"Well,  on  that  operation  we  saved  a  quarter  of  a 
cent." 

I  said,  "Yes,  and  it  will  take  you  1,000,000  years  to  get 
it  back  again." 

I  do  not  want  to  indicate  that  we  should  not  have 
breadth  of  view  in  our  management,  or  that  we  should  not 
look  into  the  future  and  get  our  costs  down  as  low  as  we 
can.  But,  instead  of  proceeding  in  a  highly  technical  way 
because  we  want  to  show  what  a  wonderful  shop  we  have, 
let  us  act  in  a  business  way.  Then  probably  we  will  not 
make  the  proposed  changes  in  1922  at  all.  Let  us  con- 
sider the  suggestions,  make  up  a  1923  book,  and  begin 
jotting  down  the  things  that  we  should  be  planning  for 
1923.  In  our  particular  case  I  have  issued  a  note  that 
there  will  be  no  more  moving  this  year.  We  will  not  do 
any  moving  until  1923.  We  have  been  in  business  5  years 
and  we  have  moved  and  moved  until  moving  is  our  second 
name.  Consequently,  we  are  going  to  stop  moving  and 
light  where  we  are  for  1922. 

Business  Sense  Essential 

The  point  I  am  trying  to  make  in  citing  the  rather 
extreme  instance  is  that  I  want  the  head  of  that  mainte- 
nance department  to  be  a  business-man.  Heretofore  he 
has  been  the  champion  mover  of  the  world ;  and  he  has 
been  a  good  mover.  He  takes  pride  in  his  ability  to  move 
the  Herculean  machines  and  swing  them  over  poles.  But 
what  would  he  do  to  the  profit  and  loss  sheet  this  year? 
I  issued  the  order  I  mentioned  so  that  he  would  get  the 
business  slant.  Rules  are  made  to  be  broken,  however. 
If  that  man  should  prove  that  he  could  put  $50,000  onto 
the  profit  and  loss  sheet,  an  exception  would  be  made.  He 
has  to  prove  his  case.  After  he  has  learned  that  there 
omelhing  in  the  world  besides  having  the  ability  to 
move  Eiffel  Tower  without  breaking  it  into  pieces,  he 
will  be  worth  much  more  to  the  business. 

I  am  not  in  sympathy  with  these  men  writing  in  books 
that  nobody  ever  looks  into.  You  go  through  your  place 
and  see  a  fellow  with  a  huge  book  with  little  curlicues  all 
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He  hasn't  looked  at  it  for  3  years.    Let  us  get  that  all  out. 

We  used  to  be  guarded  to  death.  We  had  34  men,  I 
think,  protecting  the  property.  You  would  have  thought 
the  place  was  made  of  chocolate  and  all  the  kids  were 
going  to  come  in  and  lick  it  up.  Sweep?  We  used  to 
sweep  until  we  could  see  the  grain  right  down  through 
the  boards.  Let  us  not  look  at  the  floor  so  much.  It  is  a 
good  idea  to  paint  the  edges  white  so  the  men  will  not 
squirt  tobacco  juice  into  the  corners,  but  let  us  stop  being 
sweepers,  guarders  and  movers.  Let  us  get  over  onto  the 
profit  and  loss  sheet. 

One  fine  way  to  do  it  is  to  get  a  budget  that  cannot  be 
broken.  But  that  budget  should  be  developed  by  team- 
play  and  not  by  coercion.  We  do  not  want  a  factory  full 
of  sour  people.  Get  the  budget  by  cooperation.  Once 
any  man  in  any  department  has  the  viewpoint  that  the 
real  sport  in  business  is  in  making  the  business  sound, 
you  have  no  difficulty  in  getting  him  to  play  the  game 
with  you.  It  is  when  he  thinks  you  do  not  appreciate 
what  a  wonderful  engineer  he  is,  or  what  a  wonderful 
sales-manager  he  is,  it  is  when  he  has  the  prima-donna 
attitude,  that  you  cannot  get  him  to  cooperate.  When  it 
can  be  shown  that  a  greater  tenor  is  the  fellow  who  can 
w-rite  in  black  instead  of  red,  you  do  not  have  any  diffi- 
culty in  getting  the  cooperation  you  want. 

The  Engineer's  Period 

I  think  that  the  engineer  can  do  much  in  this  business 
situation.  In  fact,  I  think  that  it  is  the  engineer's 
period,  and  that  he  can  take  the  place  of  the  promoter. 
As  I  have  indicated,  you  could  get  away  with  murder  in 
business;  you  could  make  a  thing  almost  any  shape  and 
without  any  appeal  and,  because  they  could  not  get  good 
stuff  people  would  take  bad  stuff.  That  day  is  over.  We 
must  give  them  the  values,  at  the  right  prices;  we  must 
sell  things  that  really  have  intrinsic  merit.  We  have  to 
take  the  attitude  that  with  our  product  we  are  buying 
the  other  fellow's  money ;  he  is  not  buying  it ;  we  are 
buying  dollars  from  him  with  it. 

I  believe  the  engineer  can  help  in  the  situation  by 
going  to  the  general  manager  of  his  company  and  saying, 
"I  want  to  know  more  about  this  business.  I  think  I 
can  help  you  out  if  I  get  a  real  business  understanding  of 
the  whole  proposition.  I  would  like  to  meet  with  the 
manufacturing  man  and  find  out  what  it  is  that  I  can  do 
to  help  you  most."  I  will  guarantee  that  there  are  many 
brilliant  chief  engineers  in  this  Country  who  have  no 
particular  business  viewpoint  so  crystallized  in  their 
mind  that  it  is  right  in  front  of  them  every  minute.  We 
need  cooperation  badly.  If  the  man  at  the  head  of  the 
engineering  department  has  the  right  attitude,  he  will 
transmit  it  to  every  member  of  his  force;  he  has  many 
men  under  him  who  can  help  him  arrive  at  w^hat  he 
wants  to  do. 

See  if  this  applies  in  your  business.  For  6  years  we 
have  been  working  to  perfect  lighting-plants.  We  have 
in  mind  a  product  far  beyond  what  we  are  delivering  to 
the  public  at  the  present  time.  What  have  we  been  doing 
all  those  6  years?  We  have  been  making  the  product 
better,  bringing  out  a  new  model  from  time  to  time.  We 
have  been  projecting  into  the  future  something  that  has 
in  it  greater  facilities  for  serving  the  public.  Can  we  not 
take  from  the  engineering  department  all  of  the  knowl- 
edge accumulated  and  swing  it  into  only  those  things 
that  will  help  us  in  the  year  1922?  Analyzing  our  situ- 
ation, we  found  that  we  could.  We  will  call  1000  of  our 
salesmen  together  in  a  convention  and  present  to  them 
something  that  they  can  sell  and  make  money  out  of,  and 
add  to  the  machine-hours  in   nm-  fantnrv       Tho  omriimov 


can  analyze  his  accumulated  experience  and  should  see 
what  he  can  do  with  it  to  make  his  product  better  this 
year. 

In  addition,  the  engineer  can  help  very  materially  by 
studying  every  known  method  of  producing  at  the  lowest 
possible  cost  just  as  good  an  article  as  has  been  produced. 
Moreover,  he  can  assist  by  studying  the  engineering 
changes  he  wants  to  put  into  effect.  There  are  two  types 
of  engineering  change.  There  is  the  engineering  change 
that  should  be  adopted  immediately  because  the  service 
department  has  indicated  a  weakness  in  a  particular  fea- 
ture. The  weakness  is  constantly  bobbing  up  and  we  are 
pouring  money  out  in  service  as  a  result.  The  more 
quickly  we  can  cure  the  trouble  the  better.  The  other 
type  of  change,  which  is  made  more  frequently,  is  actu- 
ated by  theoretical  considerations  with  a  view  to  improv- 
ing the  product.  Let  us  put  that  over  until  1923.  In  other 
words,  look  at  the  matter  purely  from  the  customer's 
standpoint.  If  he  is  being  served  properly  with  the 
product  as  it  stands,  leave  it  alone ;  if  not,  put  the  change 
into  effect.  Great  economies  can  be  had  by  leaving  the 
product  alone.  It  costs  the  factory  considerable  money 
to  change  over  to  suit  a  particular  engineering  modifica- 
tion, including  the  expense  of  shifting  machinery.  When 
you  decide  upon  a  change  you  do  not  perhaps  take  some- 
thing else  into  consideration  which,  not  being  in  the  right 
relationship,  involves  another  change.  It  is  like  small- 
pox ;  it  breeds  fast  if  you  do  not  look  out. 

The  engineer  can  help  wonderfully  by  using  the  very 
best  of  business  sense  in  handling  those  changes  that 
come  through.  This  applies  not  only  this  year;  it  always 
applies.  The  engineer  should  be  in  touch  with  the  sell- 
ing end  of  the  business.  Then  he  can  do  much  more  in 
designing  articles  that  appeal  to  the  public  strongly  than 
if  he  shuts  himself  up  in  an  office  and  does  not  know 
what  is  going  on.  Getting  out  and  seeing  the  product 
in  use  is  the  thing  that  counts.  I  believe  that  the  engi- 
neering staff  should  be  sent  out  to  service  the  product, 
just  as  much  as  possible.  No  service-man  can  go  out  and 
ascertain  the  exact  condition  of  things  and  come  back 
and  make  a  desk  engineer  understand  what  he  is  talking 
about.  But  if  Mr.  Engineer  goes  out  and  dirties  his  lily- 
white  hands  mussing  around  with  the  product,  you  can 
bank  on  it  that  the  next  time  he  designs  a  model  it  will 
be  "right-side-up"  and  of  such  construction  that  you  can 
take  a  screw  out  when  you  want  to. 

Improved  Business  in  Prospect 

I  look  forward  to  this  year  being  a  very  much  better 
one  than  last  year.  I  think  that  wonderful  work  was 
done  last  year  in  "getting  back  to  earth."  The  px'ocess 
will  have  to  continue  in  certain  lines,  but  in  the  main 
business  will  improve  on  a  sound  basis.  Do  not  take  that 
as  the  final  thing;  we  shall  slow  up  again,  come  down 
again,  until  we  finally  get  to  the  point  where  all  things 
will  be  lined-up  in  the  proper  proportion.  Let  us  under- 
stand that  situation ;  let  us  do  our  part  in  shaping  our 
product  so  we  can  make  a  profit  on  less  sales  than  we 
used  to  get,  because  all  of  us  cannot  get  as  many  sales 
as  we  used  to  get,  when  there  is  not  as  much  buying- 
power  as  there  used  to  be.  We  must  operate  our  plants 
on  the  basis  of  the  amount  of  sales  we  can  get.  If  we  do 
not,  there  is  only  one  answer:  some  of  us  will  be  elimi- 
nated in  the  shuffle.  We  want  to  "put  it  across,"  and  the 
way  to  put  it  across  is  to  line-up  in  team-play,  every  man 
a  business-man ;  every  man,  though  he  is  a  specialist  in 
his  own  line,  seeing  to  it  that  his  viewpoint  and  the  thing 
that  he  does  are  in  the  direction  of  putting  his  company 
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AS  .t  result  «>f  the  general  policy  of  the  Motor  Trans- 
port Corps  to  standardize  the  materials  used  for 
automotive  vehicles  for  Army  Service,  in  cooperation 
with  the  Bureau  of  Standards,  the  Society  of  Automo 
tive  Engineers  and  the  automotive  industry,  the  Bureau 
of  Standards  has  been  engaged  for  some  time  in  de 
veloping  a  standard  method  for  u^ium  brake-linings. 
While  the  work  is  not  completed,  much  information 
has  been  gained.  This  paper  reports  the  progress  of 
the  work. 

The  equipment  developed  and  the  methods  used  for 
both  main  and  supplementary  tests  arc  described.  In 
formation  is  given  regarding  the  coefficient  of  friction, 
a-  influenced  by  various  factors.  Tin-  endurance  test, 
showing  the  comparative  behavior  of  linings  under 
.(.ml;; ions  similar  to  those  of  severe  service,  is  believed 
to  he  satisfactory  as  developed.     Further  work  is  n© 

sary  before  recommending  the  conditions  for  the  other 

test,  intended  to  determine  the  relative  endurance  under 
ordinary  or  light  service.  In  work  clone  so  far  with  a 
cooled  drum  and  over  a  very  wide  range  of  power  ali- 
;ioii  and  speed,  difficulties  arising  from  the  accumu- 
lation in  tlie  lining  of  particles  of  steel  cut  from  tie 
drum  have  persisted.  Supplementary  tests  covering  the 
tendency  of  a  lining  to  stick  when  brakes  are  left 
applied  on  a  hot  drum,  and  to  ascertain  the  relative 
absorption  of  oil  and  water,  are  described.  The  in- 
fluence of  oil  and  water  on  the  coefi  of  friction  is 
.vn. 

THIS  paper  is  presented  as  an  account  of  the  prog- 
and  present  status  of  the  investigation  of 
brake-lining  materials  with  which  the  Bureau  of 
Standards  has  been  occupied  for  some  time.  In  addition 
'"  its  general  interest,  it  is  hoped  that  the  information 
offered  will  he  of  assistance  to  those  who  are  about  to 
up,  or  have  recently  begun,  experimental  work  along 
similar  lines,  with  apparatus  identical  with  that  devel- 
oped at  the  Bureau  of  Standards. 

The  investigation  of  brake-lining  material's  by  the  Bu- 
reau of  Standards  was  undertaken  as  a  result  of  the 
general  policy  of  the  Motor  Transport  Corps  to  stand- 
ardize the  requirements  for  materials  and  supplies  for 
automotive  vehicles  for  Army  service,  as  outlined  by  its 
representatives  on  several  occasion-  l.efore  the  Society, 
in  cooperation  with  the  Bureau  of  Standards,  the  Society 
of  Automotive  Engineers,  and  the  automotive  industry. 
Many  tests  of  brake-lining  materials  had  been  made  in 
the  engineering  laboratories  of  the  Motor  Transport 
Corps  in  1017  and  1918.  At  that  time,  however,  it  was 
not  possible  to  devote  much  study  to  the  determination 
of  the  most  satisfactory  conditions  for  a  laboratory  test. 
The  conditions  under  which  manufacturers  ot  brake- 
lining  materials  had  tested  their  products  and  under 
which  acceptance  tests  were  made  by  car  builders  were 
tried  that  results  were  not  comparable,  and  had 
yielded  but  little  information.  This  lack  of  definite  in- 
formation and  a  recognized  method  of  test  made  it  neces- 
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sary  to  develop  a  standard  test  for  determining  the  rela- 
tive merits  of  brake-linings,  which  could  be  used  as  a 
basis  for  specifications.  In  December  I'.M'.i  a  Subdivi- 
sion of  the  Truck  Division  of  the  Standards  Committee 
of  the  Society  of  Automotive  Engineers,  consisting  of 
A.  K.  Brumbaugh,  of  the  Autocar  Co.,  chairman;  W.  T. 
Norton,  Jr..  chief  engineer  of  the  Motor  Transport  Corps; 
Dr.  H.  C.  Dickinson,  of  the  Bureau  of  Standards;  and 
Clarence  Carson,  consulting  engineer  of  Johns-Manville, 
Inc.,  formulated  a  tentative  program  for  developing  a 
standard  method  for  testing  brake-linings  and  invited 
brake-lining  manufacturers  to  have  engineering  repre- 
sentatives attend  a  conference  at  the  Bureau  of  Stand- 
ards on  Dec.  18,  1919,  to  discuss  the  proposed  program. 
The  equipment  designed  jointly  by  the  Motor  Transport 
Corps  and  the  Bureau  of  Standards,  and  built  by  the  for- 
mer, was  completed  so  that  preliminary  tests  could  be 
begun  in  August  1920. 

Various  modifications  were  found  necessary  during  the 
preliminary  work  and  these,  together  with  others  tend- 
ing to  improve  operation  and  convenience  in  handling, 
were  made  from  time  to  time  at  the  Bureau.  In  view  of 
the  progress  made,  the  Bureau  of  Standards  invited  rep- 
resentatives of  the  Motor  Transport  Corps,  the  Society 
of  Automotive  Engineers,  and  brake-lining  and  automo- 
bile manufacturers  to  a  conference  at  the  City  of  Wash- 
ington on  May  17,  1921.  At  this  conference  a  report  of 
the  work  done  at  the  Bureau  was  given.  Tentative  rec- 
ommendations for  various  parts  of  the  test  were  offered 
by  the  Bureau,  subject  to  modification  as  a  result  of  fur- 
ther work  planned  chiefly  to  overcome  difficulties  encoun- 
tered in  the  endurance  test  with  a  cooled  drum.  After 
completion  of  the  preliminary  work  at  the  Bureau  early 
in  1021.  several  brake-lining  manufacturers,  constituting 
a  Subdivision  on  Brake-Linings  of  the  Parts  and  Fit- 
tings Division  of  the  Society's  Standards  Committee,  built 
equipment  following  the  design  developed  at  the  Bureau. 

Since  the  conference  of  May  17,  1921,  the  Bureau  has 
furnished  complete  drawings  to  all  brake-lining  manufac- 
turers and  other  interested  parties  and,  so  far  as  is 
known,  about  one-third  have  had  such  equipment  built. 
This  represents  8  or  10  equipments  in  addition  to  that 
at  the  Bureau.  It  is  hoped  that  the  carrying  on  of  ex- 
perimental work  on  the  same  lines  at  many  points  will 
assist  in  overcoming  difficulties  encountered,  bring  to 
light  any  possible  defects  in  apparatus  or  methods  and 
result  in  an  early  agreement  on  a  wholly  satisfactory 
method  for  the  test. 

The  cooperation  of  those  participating  is  acknowledged, 
the  Motor  Transport  Corps  furnished  the  original  equip- 
ment and  supplies  and  provided  a  large  part  of  the  funds 
required;  Mr.  Carson  aided  with  suggestions  at  different 
times  and,  on  behalf  of  Johns-Manville,  Inc.,  delegated 
II.  Copleston  to  the  Bureau  from  October  to  December 
1920  to  assist  in  the  carrying  out  of  the  preliminary  tests 
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Fig.  1 — Test  Equipment  as  Used  for  Tests  with  Uncooled  Drum 

ings  required  for  the  tests,  which  necessitated  frequent 
repeat  tests,  have  been  furnished  to  the  Bureau  from 
time  to  time  by  nearly  all  the  manufacturers ;  these  sam- 
ples included  many  experimental  ones  not  yet  in  regular 
production,  the  latter  being  of  particular  value  in  this 
work  inasmuch  as  some  at  least  represented  probable  fu- 
ture developments.  The  actual  tests  have  been  made  by 
H.  H.  Allen,  under  my  direction,  in  the  automotive  power- 
plants  section  of  the  Bureau  of  Standards. 

General  Considerations 

The  various  features  which  it  was  thought  required  in- 
vestigation are  shown  in  the  following  abbreviated  form 
of  the  orginal  program,  including  some  slight  modifica- 
tions and  additions  resulting  from  the  discussion  at  the 
conference  of  Dec.  18,  1919.  Its  main  divisions  are  con- 
sidered as  (a),  fundamental,  and  (  b),  supplementary. 
Under  (a)  the  coefficient  of  friction  is  investigated  in 
relation  to 

(1 )  Dry  lining 

(2)  Influence  of  water,  oil,  temperature  and  wear 

(3)  Constancy  of  the  coefficient 

Durability  also  is  studied  under  (a),  it  having  been 
decided  to  adopt  the  following: 

(1)  A  standard  rate  of  energy  input,  with  consider- 
ation of  established  practice  and  limited  to  engine 
power 

(2)  A  drum  of  standard  material  and  surface,  and  12 
to  16  in.  in  diameter,  at  a  speed  of  about  1200 
r.p.m. 

i ::  i  Stock  sizes  of  linings;  preferably,  the  actual  size 
considered 

(4)  A  policy  of  wearing  linings  down  to  about  one- 
half  of  their  original  thickness 

(5)  A  long-time  endurance  test  with  the  temperature 
kept  constant  by  coolinar  water 


(6)  A  severe-service  test,  the  temperature  of  the  drum 
being  allowed  to  rise  to  equilibrium  with  constant 
power-absorption 

The  supplementary  division  includes 

(1)  Rivet-holding  ability 

(2)  Sticking  after  cooling  on  a  hot  drum  of  both  new 
and  worn  linings 

(3)  Change  of  thickness  due  to  the  absorption  of 
water  and  oil 

The  general  considerations  are  inclusive  of  the 

(1)  Use  of  flexible-band  shoes  for  supporting  linings 

(2)  Adoption  of  a  standard  method  of  riveting  samples 
to  shoes 

(3)  The  determination  of  the  proportion  and  quality 
of  asbestos  and  other  materials  used  is  not  con- 
sidered necessary,  nor  is  a  test  for  volatile  matter 
thought  important 

It  has  been  the  aim  throughout  to  develop  simple  equip- 
ment and  methods  that  would  not  entail  a  large  ex- 
penditure for  apparatus  or  require  exceptional  skill  or 
judgment  to  obtain  results  of  sufficient  accuracy.  In 
view  of  the  nature  of  the  materials  dealt  with  and  the 
many  factors  influencing  the  results,  it  is  satisfactory 
if  the  test  results  are  accurate  within  5  per  cent.  The 
methods  used  permit  a  much  greater  accuracy  than  this. 

The  conditions  of  a  laboratory  test  of  this  kind  should 
approximate  as  nearly  as  possible  those  existing  in  actual 
service.  It  is  desirable,  however,  to  accelerate  the  test- 
ing of  a  sample  and,  for  this  purpose,  it  is  permissible  to 
depart  from  actual  service  conditions  so  long  as  the  test 
results  continue  to  indicate  fairly  the  relative  ability  of 
the  materials  tested,  under  service  conditions.  This  ap- 
plies to  both  the  coefficient  of  friction  and  the  compara- 
tive endurance  of  various  linings.  At  different  times 
during  the  investigation  it  was  found  that  conditions  ap- 
pearing suitable  with  some  linings  proved  less  so  with 
others,  and  this  made  additional  work  necessary. 

In  establishing  the  conditions  for  the  tests,  sufficient 
latitude  should  be  allowed  for  new  and  improved  mate- 
rials likely  to  be  developed  in  the  near  future.  No  con- 
ditions should  be  included  as  a  part  of  either  tests  or 
specifications  that  might  place  unnecessary  restraint  on 
the  choice  of  materials  or  methods  of  manufacture,  other 
than  the  ability  of  the  finished  product  to  render  the  ser- 
vice required.  At  present,  information  available  regard- 
ing the  composition  of  linings  and  its  influence  on  their 
behavior  in  operation  is  too  scant  to  base  specifications 
on  more  than  service  tests  made  either  in  the  laboratory 
or  on  the  road.  Systematic  investigations  of  the  mate- 
rials and  treatments  used  will  be  made,  however,  and 
may  show  their  influence  on  the  results  in  service.  When 
the  knowledge  in  this  connection  is  sufficient,  limitations 
covering  the  composition  can  be  included  in  specifications. 

Equipment 

Figs.  1  to  3  show  the  equipment  used.  A  standard 
brake-drum  14  in.  in  diameter  and  2:/2  in.  wide,  a  size 
in  extensive  use  and  therefore  readily  obtainable  on  the 
market,  is  mounted  on  the  end  of  a  shaft  that  can  be 
driven  by  any  conveniently  available  power  as  shown  in 
Figs.  1  and  2.  The  sample  linings  bearing  on  the  out- 
side of  the  drum  are  riveted  to  two  flexible  steel  shoes 
which  in  turn  are  mounted  in  a  framework,  as  shown  in 
Fig.  3.  The  position  of  the  upper  arm  a  is  fixed,  while 
the  lower  arm  b  is  movable  about  the  joint  c.  An  ad- 
justable tension-rod  d  and  spring-balance  e  placed  be- 
tween the  free  ends  of  the  pressure-arms  serve  to  regu- 
late and  measure  the  pressure  with  which  the  shoes  are 
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pressed  against  the  drum.  An  extension  of  the  frame  / 
forms  a  torque-arm  ami  rests  on  platform  BCale 
measuring  the  torque.  The  whole  Frame  is  suspended 
from  above  over  small  pulleys,  ami  its  weight  is  counter- 
balanced to  equalize  the  pressure  on  the  upper  ami  lower 
shoes.  The  drums  are  of  low-carbon  Bteel,  the  material 
most  generally  used  at  present.  Each  lining  sample  is 
BWUred  to  its  steel  shoes  by  eight  brass  tubular  rivets, 
with  a  definite  Bpacing  adopted  as  standard,  the  rivet- 
holes  in  the  lining  being  drilled  carefully  and  counter- 
Bunk  to  a  fixed  depth  of  about  one-half  the  lining  thick- 
The  samples  are  2  in.  wide,  Vi  in.  thick  and  11  in. 
long,  each  covering  90  deg.  of  the  drum.  The  total  area 
in  contact,  after  deducting  the  area  of  the  rivet-holes,  is 
42.76  sq.  in. 

From  the  dimensions  shown  in  Fig.  3  it  will  be  found 
that 

A  p.  =  0.000444  WS 
Q=10P 
V  =  Q  -r-  42.75 
f  =  F  +  Q 
=  L\Y  -  RQ 
-AW  ^Q 
where 

hp.  =  horsepower 
U        force   acting   at   the   end   of   the   torque-arm,    in 

pounds 
S=  speed,  in  revolutions  per  minute 
Q  =  total  pressure  on  the  linings,  in  pounds  per  square 

inch 
P  =  force   between    the   tension-arms,    in    pounds,    as 

indicated  on  the  spring-balance 
U  =  unit-pressure  on  the  linings  in  pounds  per  square 

inch 
f  —  coefficient  of  friction 

F  =  force  at  the  circumference  of  the  drum,  in  pounds 
L  =  length  of  the  torque-arm,  28  in. 
R  =  drum  radius,  7  in. 

The  wear  is  checked  by  measuring  the  change  in  dis- 
tance C  between  the  prick-punch  marks  just  below  the 
knife-edge  seats  at  the  ends  of  the  two  tension-arms; 
then,  (C, — C.)  -h  10  =  the  average  thickness  loss  in 
inches  of  one  lining  sample.  To  dampen  the  movement 
of  the  weighing-beam  of  the  platform-scale,  a  small  dash- 
pot  is  connected  with  the  end  of  the  arm.  This  is  not 
shown  in  the  photograph,  because  it  is  unnecessary  when 
the  torque  is  measured  by  an  electric  dynamometer.  One 
end  of  the  upper  shoe  is  kept  in  a  fixed  position  relative 
to  the  frame  by  the  braces  g,  to  prevent  sidewise  travel 
of  the  whole  frame  when  in  operation.  Fig.  1  shows  the 
open,  uncooled  drum,  mounted;  and  Fig.  2  shows  the  cov- 
ered drum  for  water-cooling. 

Coefficient  of  Friction 

The  coefficient  of  friction  of  fabric  brake-linings  is  in- 
fluenced by  many  factors.  Among  these  are  the  unit 
pressure,  the  surface  speed,  the  temperature  and  the  con- 
dition of  the  wearing  surfaces.  The  last  differs  not  only 
as  a  result  of  the  varying  methods  of  manufacture,  but 
changes  constantly  as  wear  progresses.  It  was  found  that 
the  changes  in  the  coefficient  of  friction  that  the  prelim- 
inary tests  showed  as  resulting  from  varying  speed  and 
pressure  at  constant  drum-temperature  are  comparatively 
small,  and  that  other  considerations  that  are  referred  to 
later  are  more  important  in  limiting  the  choice  of  speed 
and  power-absorption  for  a  practical  test. 

Comparing  the  values  of  the  coefficient  of  friction  as 
obtained  during  extended  runs  with  the  speed  or  the 
horsepower  constant  and  the  other  variable  changed,  the 


Fio.   2 — Test  Equipment  as   Used  fi>r  Tests  with  Cooled  Drum 
and  Oscillator 

reached  during  vsrious  parts  of  such  a  run  show  no  con- 
sistent variation.  It  is  not  only  very  difficult  to  estab- 
lish any  definite  relation  between  these  values  but,  in 
view  of  the  great  difference  in  linings,  the  infinite  num- 
ber of  possible  combinations  of  service  conditions  and 
the  many  factors  influencing  the  coefficient,  the  estab- 
lishing of  such  relations  proves  of  comparatively  little 
value.  It  appears  that  the  aim  of  manufacture  should  be 
to  produce  material  that  will  have  a  reasonably  constant 
coefficient  of  friction ;  that  the  coefficient,  under  the  most 
unfavorable  conditions  and  even  for  very  short  periods, 
should  not  go  below  a  certain  minimum  value;  and  that, 
in  addition,  the  material  should  show  the  longest  pos- 
sible life.  The  minimum  values  of  the  coefficient  of  fric- 
tion, from  0.11  to  0.25,  obtain  during  severe  service  and 
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high  temperatures;  usually,  for  only  short  periods,  al- 
though in  some  cases  they  have  been  observed  to  persist 
for  a  period  of  from  15  to  60  min.  The  lowest  value 
reached  with  a  given  lining  frequently  is  higher  with  a 


150      180      210      240     210      300    330 
Time,min 
Fig.   4 — Coefficient  of  Friction  and  Endurance  with  Uncooled 
Drum  at  5  HP.  and  400.  600.  800  and  1000  R.P.M. 

combination  of  speed  and  horsepower  that  is  not  the 
most  severe  as  regards  the  endurance  of  the  particular 
lining. 

The  lowest  values  result  from  the  action  of  the  heat 
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Fig.   5 — Coefficient  of  Friction  and  Endurance  with  Uncooled 
Drum  with  4  Hp.  at  300  R.P.M.  and  6  Hp.  at  300  and  600  R.P.M. 

on  the  impregnating  compounds  during  the  severe-service 
runs,  as  is  seen  from  the  character  of  the  curves  in 
Figs.  4  to  7.  When  this  change  has  taken  place,  the  co- 
efficient rises  again  and  remains  high  during  the  remain- 
der of  the  run.  It  seems  necessary  therefore  to  design 
brakes  so  as  to  reduce  the  maximum  temperature  occur- 
ring insofar  as  that  is  possible,  or  to  employ  only  im- 
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pregnating  compounds  having  high  heat-resistance,  to 
reduce  the  drop  in  the  coefficient  that  results  from  high 
operating-temperatures.  This  effect  is  seen  by  compar- 
ing the  curves  relating  to  the  tests  made  with  an  un- 
cooled drum  and  thos.e  made  with  a  cooled  drum. 

Compounds  having  a  high  heat-resistance  also  lengthen 
the  life  of  the  lining  insofar  as  their  capacity  for  bind- 
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Fig.   7 — Coefficient  of  Friction  and   Endurance  with   Uncooled 
Drum  with  4  Hp.  at  300  R.P.M.  and  6  Hp.  at  300  and  600  R.P.M. 

ing  the  asbestos  fibers  together  is  maintained  better 
throughout  the  life  of  the  lining.  This  is  indicated  by 
the  results,  which  show  that  the  linings  with  the  longest 
life  maintain  their  minimum  coefficient  over  shorter 
periods  than  linings  with  a  shorter  life. 

In  view  of  the  wide  variations  in  the  coefficient  of 
friction  and  the  low  values  reached  at  times,  it  is  neces- 

0.8 
.20.7 

"SO.6 
£  0.5 
^0.4 
§0.3 

fco? 

■3  C-'o       30       60      90       120       150      180     flO      240     270      300     330      360     39C 

Time, min. 
Fig.   S — Coefficient  of  Friction   with  Cooled  Drum    with   15  Hp. 
at  400  and  1200  R.P.M. 

sary,  of  course,  to  base  the  design  of  brakes  on  a  reason- 
ably low  value  of  the  coefficient.  In  addition,  allowance 
must  be  made  for  the  application  of  a  pedal  pressure 
considerably  higher  than  normal  during  the  periods  when 
the  coefficient  is  reduced  to  its  minimum  value  as  a  re- 
sult of  continued  severe  application  and  the  consequent 
heating,  particularly  as  the  minimum  value  may  occur 
when  braking  power  is  most  needed.  Comparing  the  co- 
efficients found  during  the  runs  with  cooled  and  uncooled 
drums,  it  is  found  that,  with  the  cooled  drum 

(1)  The  rapid  drop,  characteristic  of  the  early  part  of 
the  run  with  an  uncooled  drum,  is  absent 

(2)  The  changes  with  the  cooled  drum  are  not  so  rapid, 
nor  as  large 
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I  I)   The  minimum  values  do  not   reach  the  low  levels 
resulting  from  the  high  temperatures  in  the  se^ 

( ice  run 

Figs,  8  i"  12  slinw  the  range  of  variation  in  the  co- 
efficient  over  a  wide  range  of  speed  and  horsepower  on  a 
cooled  drum.  The  coefficient  of  friction  is  plotted  against 
time.  The  several  curves  in  each  figure  were  obtained 
by  making  tests  on  different  samples  of  the  same  lining. 
Fig.  12  applies  to  the  same  lining  as  that  in  Fig.  11,  but 
gives  the  results  with  much  increased  unit-pressures. 
The  samples  in  this  case  had  only  37  per  cent  of  the  nor- 
mal area  and  consisted  of  pieces  1  ;^  in.  long;  three  were 
riveted  to  each  shoe,  one  in  the  center  and  one  at  each 
end.     The  unit-pressures  in  this  case  ranged  from  28  to 
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42  lb.  per  sq.  in.  All  of  these  results,  as  well  as  those 
obtained  with  speeds  of  from  400  to  1200  r.p.m.  and  a 
power  input  of  from  25  to  40  hp.,  indicate  that  we  need 
not  be  limited  by  the  variations  occurring  in  the  coef- 
ficient of  friction  in  the  selection  of  a  suitable  combina- 
tion of  speed  and  horsepower  for  the  test  with  cooled 
drum;  the  limitations  to  be  observed  result  from  other 
considerations,  which  are  stated  later  herein. 

A  number  of  similar  comparisons  relating  to  te 
with  an  uncooled  drum  are  shown  in  Figs.  4  to  7  and 
Fig.  1".;  here  we  find  again  that  the  variations  in  the 
coefficient  of  friction  are  not  the  important  factor  in  de- 
termining the  most  suitable  combination  of  speed  and 
horsepower  for  these  tests.  Table  1  shows  the  maximum, 
minimum  and  average  values  of  the  coefficient  of  friction, 
determined  from  all  the  tests  thai  were  made. 


TABLE    1-    RANGE    OF   THE 

COEFFICIENT 

01     FRICTION 

Cooled 

Uncooled 

Drum 

Drum 

Maximum 

0.75 

o.Tr, 

Minimum 

0.25 

0.11 

Ilitrh  Average  Value  for  Ru 

n        0.60 

0.60 

Low  Average  Value  for  Run        0.33 

0.32 

Majority  of  Averages  be- 

tween 

0.35  and  0.41 

i     n  1",  and  0.50 

Periodic  fluctuations  in  the  coefficient  are  more  marked 
in  some  linings  than  in  others;  certain  combinations  of 
speed  and  horsepower  may   tend   to   increase  these  fluc- 
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tuations  in  a  given  lining.  The  more  pronounced  the  ten- 
dency to  such  fluctuations  is,  the  greater  the  tendency 
to  seize,  squeak  and  chatter  will  be. 

Comparisons  that  have  been  made  between  linings  of 
the  woven  and  the  folded  and  rubberized  types  do  not 
indicate  that  maximum,  minimum  or  average  values  vary 
markedly  as  a  result  of  these  two  methods  of  construc- 
tion. The  wide  range  over  which  the  coefficient  of  a 
given  lining  varies  and,  particularly,  the  low  values  to 
which  the  coefficient  in  practically  all  linings  drops  dur- 
ing the  early  part  of  the  severe-service  test,  are  points 
of  special  interest.  These  low  values  are,  in  most  cases, 
much  below  the  average  values  obtained  later  during  the 
severe-service  run,  and  are  also  below  the  average  of  the 
endurance  test  with  a  cooled  drum.  Although  appearing 
only  during  the  early  part  of  the  tests,  they  may  occur  in 
service  at  any  time  and  may  continue  for  long  periods, 
depending  entirely  upon  the  use  made  of  the  brake  from 
time  to  time  and  are  therefore  the  more  undesirable. 

During  the  preliminary  tests  with  the  cooled  drum,  a 
number  of  temperature  measurements  were  made  by  in- 
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serting  thermocouples  between  the  lining  and  the  shoe  at 
both  the  entering  and  the  leaving  ends  of  each  sample. 
The  temperatures  measured  ranged  from  150  to  200  deg. 
cent.  (302  to  392  deg.  fahr.).  In  some  of  the  preliminary 
severe-service  tests  some  parts  of  the  drum  became  red- 
hot  for  short  periods.  However,  at  the  speed  and  horse- 
power adopted  for  this  test  with  an  uncooled  drum,  it  is 
estimated  that  the  temperature  at  the  face  of  the  lining 
lies  between  250  and  450  deg.  cent.  (482  and  842  deg. 
fahr.). 

Influence  of  Oil  and  Water  on  the  Coefficient 

The  influence  of  oil  and  water  on  the  coefficient  of 
friction  is  shown  in  the  curves  in  Fig.  14.  The  samples 
used  were  standard  samples  that  had  been  worn-down  in 
previous  tests  to  about  one-half  their  original  thickness. 
As  noted  on  the  charts,  the  first  two  groups  had  been  sub- 
jected previously  to  tests  with  a  cooled  drum,  so  that  the 
impregnating  compounds  were  substantially  in  the  orig- 
inal condition.  The  last  two  curves  were  obtained  with 
samples  that  had  undergone  severe-service  tests  with  an 
uncooled  drum;  here  the  impregnation  had  been  carbon- 
ized, leaving  the  lining  in  a  more  absorbent  condition. 
All  of  the  tests  with  oil  and  water  were  made  on  a  cooled 
drum  and  the  linings  were  first  run  dry  until  the  coef- 
ficient of  friction  had  become  steady. 

The  lining  to  which  the  first  curve  refers,  sample  No. 
30  (A-l),  was  then  submerged  in  oil  at  100  deg.  cent. 
(212  deg.  fahr.)  for  1  hr.,  the  test  was  resumed  and,  dur- 
ing the  period  marked  in  the  plot,  oil  was  swabbed  on 
the  drum.  The  two  curves  in  the  second  chart  refer  to 
a  folded  and  to  a  woven  lining.  During  the  period  shown 
water  was  sprayed  on  the  periphery  of  the  drum  at  two 
opposite  points  between  the  shoes.  In  the  case  of  the 
last  two  charts,  water  was  applied  for  the  periods  shown 
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Fio.   14 — Influence  of  Oil  and  Water  upon  the  Coefficient  of 


Fig. 


15 — Samples    Showing    Steel    Particles    Embedded    in    the 
Lining  after  a  Test  with  the  Cooled  Drum 


and  as  already  described.  After  continuing  the  run  for 
a  time  without  water,  these  linings  were  thoroughly 
soaked  in  oil;  the  oil  was  not  heated  in  this  case,  as  the 
absorbent  condition  of  these  two  linings  made  this  un- 
necessary. The  drum  was  also  well-oiled.  The  very 
marked  drop  in  the  coefficient  of  friction  resulting  from 
the  application  of  oil  as  well  as  water,  is  clearly  shown  in 
these  curves.  It  will  be  noted  also  that  when  the  appli- 
cation is  discontinued  the  coefficient  rises  very  rapidly  to 
approximately  its  former  value.  In  the  third  chart,  sam- 
ple No.  53  (A-15),  the  low  value  of  the  coefficient  con- 
tinues for  some  time  as  a  result  of  the  absorbent  condi- 
tion of  the  lining. 

The  fact  that  water  is  expelled  and  evaporated  more 
rapidly  than  oil  is  shown  by  the  quicker  rise  in  the  co- 
efficient as  shown  in  the  curves,  in  comparison  with  the 
rise  when  oiling  is  discontinued.  Nevertheless,  it  is  im- 
portant that  the  changes  in  the  coefficient  of  friction  re- 
sulting from  the  presence  of  surface  water  or  moisture 
absorbed  by  the  lining  should  be  small.  With  a  well- 
designed  axle  the  amount  of  oil  reaching  the  brakes 
should  be  very  limited  and,  as  this  oil  is  confined  usually 
to  only  a  part  of  the  braking  surface,  the  effect  of  oil  as 
shown  by  the  curves  can  be  considered  as  being  extreme, 
and  to  be  expected  only  where  undue  oil-leakage  takes 
place. 

Endurance  Tests  With  a  Cooled  Drum 

From  the  first,  it  has  been  considered  advisable  to 
make  two  distinct  tests  for  durability  to  establish  the 
behavior  of  a  lining  under  the  varying  conditions  to 
which  it  may  be  subjected  in  service.  The  user  would 
thus  be  able  to  select  linings  in  accordance  with  the  aver- 
age service  for  which  they  are  intended.  These  condi- 
tions differ  not  only  with  wheel  and  propeller-shaft  or 
transmission  brakes,  but  with  the  design  of  the  vehicle 
and  the  general  topography  of  the  locality  in  which  the 
car  is  used. 

Fig.  2  shows  the  covered  and  water-cooled  drum  used 
in  the  tests  with  controlled  drum-temperature.  A  flow 
of  water  is  maintained  by  the  feed  and  siphon  pipes 
shown,  and  it  is  regulated  so  as  to  maintain  the  tem- 
perature of  the  water  close  to  the  boiling-point.  To  ac- 
celerate the  tests,  the  first  work  was  done  with  a  high 
drum-speed  and  high  unit-pressures.     Short  preliminary 
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16 — Coefficient  or  FRICTION   a  isrE  Test  OF  Linings  of  Small 

(AT    THE    LEFT)     AND     MEDIUM     (AT    TUB     RlOKT)      ENDURANCE 

or  even  more  might  be  absorbed.  However,  more  ex- 
tended tests  showed  that,  under  these  conditions,  the  lin- 
ings cut  the  drum  and  the  steel  removed  imbedded  itself 
in  the  lining  and  grooved  the  drum  severely.  This  con- 
dition was  not  improved  materially  in  successive  tests 
with  power  reduced  to  10  hp.  and  speeds  between  1200 
and  600  r.p.m.  An  oscillating  device  was,  therefore,  con- 
nected with  the  frame  of  the  apparatus.  This  device 
consists  of  a  small  worm-gear  driven  from  the  dyna- 
mometer and  connected  with  the  frame  so  as  to  move  it 
back-and-forth  about  Ji  in.  over  the  face  of  the  brake- 
drum  once  in  every  52  revolutions  of  the  drum,  as  shown 
in  Fig.  2.  By  this  means  the  scoring  was  reduced  and 
the  grooving  of  the  drum  prevented  by  distributing  the 
cutting  action  over  a  greater  portion  of  the  face. 

Many  tests  were  made  in  regard  to  power  absorption, 
resulting  in  unit  pressures  of  96  down  to  between  2  and  3 
lb.  per  sq.  in.,  which  is  equivalent  to  from  40  to  4  hp., 
and  speeds  from  1200  to  400  r.p.m.,  using  representative 
samples  of  the  woven,  folded  and  molded  types.  In  all 
cases,  however,  cutting  and  imbedding  of  the  metal  in 
the  lining  was  found.  The  fine  particles  first  lodging  in 
the  lining  increased  the  cutting  action  and  caused  addi- 
tional steel  to  gather  and,  probably  due  to  local  heating, 
the  accumulated  metal  was  fused  together  until,  in  very 
severe  cases,  irregular  pieces  were  found,  some  of  which 
had  an  area  of  about  1  sq.  in.  and  a  thickness  of  from 
l  32  to  1  16  in.  The  tests  with  samples  of  reduced  area, 
referred  to  previously,  formed  part  of  this  series.  It  was 
thought  that,  with  such  short  samples,  there  might  be 
less  tendency  of  the  steel  to  accumulate  in  the  linings, 
but  this  was  not  found  to  be  the  case. 

The  point  at  which  this  cutting  occurred  varied  accord- 
ing to  the  power  absorption  and  speed.  The  tests  indi- 
cate that  it  generally  begins  soon  after  the  face  of  the 
lining  is  worn  down  to  a  smooth  surface,  when  the  wires 
are  first  exposed.  Fig.  15  shows  selected  samples  with 
imbedded  steel.  The  beginning  of  the  cutting  usually  can 
be  noticed  clearly  on  the  drum  by  the  appearance  of  a 
narrow  band,  and  slight  fluctuations  in  the  coefficient 
result.  When  the  metal  begins  to  accumulate  in  the  lin- 
ing, there  is  a  decrease  in  the  coefficient  which  is  marked 
at  times,  as  is  shown  in  Fig.  10  at  the  1050-min.  point. 

It  will  be  seen  that  these  circumstances  make  it  very 
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18 — Consecutive   Endurance  Test   with   Three   Samples 
Each  op  Two  Different  Linings 
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Fig.  20 — Appearance  of  Linings  after  Severe  Service  Test 

The  Upper  Pair  Are  Two  Views  of  a  Typical  Folded  and  Rubberized 

Lining,  While  B?low  Is  Shown  a  Typical  Woven  Lining 

difficult  to  determine  conditions  for  this  test  in  a  satis- 
factory manner.  If  conditions  are  adopted  that  tend  to 
delay  the  cutting  action,  the  time  required  for  a  test 
will  not  only  be  inconveniently  long,  but  the  wear  will 
be  so  small  that  it  will  be  difficult  to  determine  the  rela- 
tive durability  fairly ;  and  no  data  will  be  obtained  cov- 
ering either  the  coefficient  of  friction  or  the  durability 
of  the  center  of  the  lining.  Some  linings  probably  have 
a  greater  tendency  to  cut  the  drum  than  others;  if  this 
is  so,  it  would  be  desirable,  of  course,  to  have  the  test 
show  this  and  thus  lead  to  improved  construction.  How- 
ever, in  view  of  the  many  variables  which  enter,  there  is 
small  prospect  of  obtaining  accurate  and  reliable  infor- 
mation on  this  feature. 

Accumulation  of  metal  does  not  occur  during  the  tests 
with  an  uncooled  drum,  presumably  because  the  holding 
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power  of  the  impregnating  compounds  has  been  de- 
stroyed by  the  high  temperatures,  and  steel  particles  are 
carried  off  with  the  asbestos  as  wear  proceeds.  The  use 
of  the  oscillating  device  constitutes  a  departure  from  ser- 
vice conditions  and,  therefore,  it  is  of  interest  to  note 
that  with  a  number  of  samples  tested,  both  with  and 
without  an  oscillator,  the  differences  in  the  coefficient  of 
friction  were  negligible.  During  the  continuance  of  the 
tests  with  a  cooled  drum,  there  is  no  apparent  change  in 
the  nature  of  the  impregnating  Compounds.  In  brake- 
linings  worn-down  in  actual  service,  particles  of  steel  are 
found  only  occasionally,  but  the  continuous  application  of 
the  lining  to  the  drum  during  the  test  appears  to  result 
in  a  greater  tendency  to  collect  the  metal  particles  in  the 
lining. 

Typical  results  of  these  tests  are  shown  in  Fig.  4  and 
in  Figs.  9  to  12,  in  some  of  which  the  points  at  which 
metal  imbedded  in  the  linings  was  first  found  are  marked 
by  the  letter  M.  In  all  the  curves  a  break  denotes  an  in- 
terruption of  the  run.  The  interruptions  occurred  regu- 
larly at  the  end  of  working  hours  and  were  due  occa- 
sionally to  cessation  of  the  power  supply.  Since  the  adop- 
tion of  the  speed  of  600  r.p.m.  for  the  severe-service  test 
with  an  uncooled  drum,  this  speed  has  been  adhered  to 
in  the  more  recent  tests  with  a  cooled  drum,  on  account 
of  the  obvious  advantages  of  using  the  same  speed  in 
both  cases. 

Severe-Service  Test  With  Uncooled  Drum 

To  determine  the  best  conditions  for  the  severe-service 
test  with  an  uncooled  drum  as  regards  speed  and  power 
absorption,  a  considerable  number  of  trials  were  made 
with  speeds  of  300,  400,  600,  800  and  1000  r.p.m.,  and 
with  power  inputs  of  4,  5,  6,  7%  and  10  hp.  It  was  found 
that  there  was  no  need  for,  or  advantage  gained  from, 
the  use  of  the  oscillating  device  in  this  test  and  it  has 
therefore  not  been  used. 

The  higher  power-values  at  all  of  the  above  stated 
speeds  led  to  very  rapid  destruction  of  the  samples,  and 
neither  the  coefficient  of  friction  nor  the  relative  en- 
durance could  be  established  satisfactorily.  The  com- 
bination of  6  hp.  and  600  r.p.m.  proved  to  be  most  satis- 
factory; it  limited  the  test  to  a  reasonable  length  of  time 
and  brought  out  the  maximum  and  minimum  values  of 
the  coefficient  of  friction  found  with  an  uncooled  drum. 
Samples  of  all  available  linings  were  tested  at  this  speed 
and  horsepower  and  in  a  number  of  cases  several  repeat 
tests  were  made  with  samples  of  the  same  lining.  As  a 
result,  the  combination  of  6  hp.  and  600  r.p.m.  has  been 
adopted  as  satisfactory  for  this  test. 

The  test  is  continued  until  the  samples  are  worn-down 
to  approximately  one-half  of  their  original  thickness; 
the  length  of  the  curves  cannot,  however,  be  taken  as  a 
direct  measure  of  relative  durability  without  consider- 
ing the  amount  of  wear.  The  majority  of  the  linings 
required  a  test-period  of  from  3  to  7  hr.  Only  a  few 
showed  a  running  time  of  less  than  1  hr.,  and  these  were 
understood  to  be  experimental  types,  while  the  greatest 
endurance  was  shown  by  one  lining  that  was  run  for 
lG1^  hr.  Soon  after  the  load  is  applied  in  this  test,  the 
impregnating  materials  soften  and  burn-out  to  a  varying 
extent,  causing  the  rapid  changes  in  the  coefficient  of 
friction  shown  in  the  curves.  The  condition  of  the  drum 
at  the  conclusion  of  the  runs  was  always  good.  Some- 
times, during  the  progress  of  a  run,  a  coating  formed 
on  the  drum.  With  some  linings  this  was  smooth  and 
seemed  to   have   little   effect  on   the   linings.     In   other 
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Fig.  13  are  referred  to  again,  ami  further  results  oi  the 
rvice  tests  are  shown  in  Figs.  L6  to  L9.  At  the 
conclusion  of  this  tost,  the  folded  and  rubberized  linings 
have  usually  been  found  to  retain  greater  stiffness,  as 
shown  in  Fig.  20, 

Determination  of  Rei  \hw   Durability 
For  both  th(  service  runs  and  the  tests  with  a 

cooled  drum,  the  reduction  in  both  the  thickness  and  the 

weight  was  determined.  While  this  information  is  re 
curded  at  the  Bureau  for  reference,  it  is  believed  that 
the  user  is  interested  primarily  in  the  thickness  loss 
rather  than  the  weight  loss;  therefore,  it  seems  pr< 
aide  to  use  a  wear  factor  Tor  judging  the  relative  en- 
durance of  various  linings  that  shows  the  relation  be- 
tween the  thickness  loss  and  the  time,  and  to  disregard 
the  weight  loss.  Manufacturers  may,  however,  find  i' 
useful  to  record  the  weight  loss  as  well.  The  reduction 
in  the  thickness  is  not  uniform  during  tin 
the  test,  particularly  in  the  severe-service  test  and,  tor 
this  reason,  measurements  are  taken  at  the  Bureau  dur- 
ing each  stop.  This  is  done  by  measuring  the  distance 
een  the  punch-marks  on  the  pressure-arms  by  a 
trammel.  To  reduce  the  influence  on  the  wear  measure- 
ments of  uneven  contact  with  the  shoe  and  to  some  ex- 
tent also  the  initial  compressibility  of  the  lining,  it  has 
been  found  advisable  before  beginning  the  test  to  raise 
the  tension  on  the  pressure-arms  to  150  lb.  as  shown  by 
the  spring-balance.  Before  each  measurement  is  taken, 
the  tension  on  the  pressure-arms  is  released  and  then 
brought  to  50  lb. 

In  linings  of  both  small  and  great  endurance,  the  rate 
of  wear  may  be  found  to  increase  or  decrease  as  the  test 
progresses;  where  the  bonding  quality  of  the  impreg- 
nating compound  has  been  destroyed  and  a  short-stapled 
fiber  has  been  used,  or  a  rough  coating  has  formed  on 
the  drum,  the  rate  of  wear  during  the  last  part  of  the 
run  may  become  very  high.  These  factors  necessitate  a 
number  of  precautions  so  that  fair  relative-wear  factors 
can  be  obtained  for  different  linings,  and  they  contribute 
also  to  differences  in  the  results  of  consecutive  tests  with 
several  samples  of  the  same  lining.  In  routine  tests 
made  by  the  Bureau  three  consecutive  severe-service 
tests  are  being  made  of  each  lining  to  obtain  information 
on  the  constancy  of  results,  as  well  as  average  wear 
factors.  Dividing  the  thickness  loss  of  one  lining  sample 
in  inches  by  the  time  in  minutes  gives  inconvenient  fig- 
ures and,  to  avoid  this,  the  decimal  point  is  moved  and 
the  following  method  is  adopted: 

\VF=  [(C,  — C;)  -=-10  T]  -10"  (5) 

where 


C) 


4-  10  —  thickness  loss  of  one  lining  as  shown 
earlier 
r=  total  time  in  minutes 
117'      wear  factor 


Hence 


Fig.    22 — Two  Samples    of    i  i  Sticking   Test 

majority  of  commercial  linings  are  found.  Fig.  IT  shows 
the  results  on  two  linings  that  were  found  to  have  excep- 
tional endurance  in  the  tests.  It  is  interesting  to  note 
that,  of  the  samples  so  far  tested  at  the  Bureau,  linings 
oth  the  woven  and  the  folded  and  rubberized  types 
were  found  among  those  with  the  smallest  and  the  great- 
est endurance,  although  it  is  understood  that  the  com- 
pounds used  in  the  two  types  are  of  distinctly  different 
natures,  in  Figs.  18  and  19,  the  results  of  three  con- 
secutive tests  on  each  of  three  different  linings  are 
shown.  Some  variation  must  be  expected  from  both 
variability  in  the  lining  due  to  material  and  workman- 
ship, and  factors  occurring  during  the  test  itself. 

KlYKT-HOLDING     ABILITY 

No  separate  tests  were  carried  out  to  ascertain  the 

rivet-holding  ability  of  the  linings.  In  any  such  test  the 
conditions  should  be  similar  to  those  in  service.  In  addi- 
tion to  being  riveted  to  the  shoe,  the  lining  should  be 
under  pressure  between  the  drum  and  shoe  as  in  service, 
and  the  force  used  to  test  the  rivet-holding  ability  should 
be  applied  through  the  drum.  A  test  along  the  lines  of 
an  ordinary  tensile-test  made  away  from  the  drum  prob- 
ably would  not  be  satisfactory. 

In  all  of  the  work  done  at  the  Bureau,  there  has  not 
been  a  single  case  in  which  the  lining  separated  from  the 
rivets,  although  at  the  conclusion  of  the  severe-service 
test  many  of  the  samples  were  in  a  very  badly  worn  and 
limp  condition,  frequently  being  worn-down  to  much  less 
than  one-half  the  original  thickness  at  the  entering  edge. 
The  riveting  is  not  required  to  bear  any  great  strain 
and,  if  a  little  care  is  used  in  doing  the  work  and  atten- 
tion paid  to  avoid  pulling  the  ends  of  the  lining  from 
the  rivets  when  mounting  the  wheels,  no  trouble  need . 
be  expected.  A  special  test,  therefore,  has  seemed 
unnecessary. 

In  service,  brake  linings  are  found  to  stick  occasionally, 
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Wear  factors  for  the  severe-service  test  with  the 
samples  tested  varied  from  120  to  2680  for  linings  under- 
stood to  be  commercial  products.  Among  experimental 
samples,  one  was  found  giving  a  better  wear  factor  of 
82,  while  a  number  of  others  were  less  favorable  and 
showed  wear  factors  up  to  4840.  Figs.  16  and  17  show 
a  number  of  results  obtained  with  representative  samples 
in  the  severe-service  test.  Fig.  16  shows  several  with 
small  endurance,   and   a   ornun  of  four  with   medium   en- 
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when  the  brake  is  left  applied  to  a  hot  drum.  Some  car 
builders  have  included  in  their  specifications  tests  to 
ascertain  this  tendency  that  are  to  be  carried  out  on 
the  car  itself,  by  running  a  prescribed  distance  at  a 
fixed  speed  with  the  brakes  applied.  In  other  cases  a 
test  for  this  tendency  has  been  made  by  heating  samples 
of  lining  between  metal  blocks  under  pressure  and,  after 
cooling,  measuring  the  force  required  to  separate  the 
blocks.  This  latter  method  seemed  to  be  less  desirable, 
even  for  a  laboratory  test,  than  one  more  nearly  ap- 
proaching service  conditions.  Therefore,  standard 
samples  were  run  in  the  same  manner  as  for  the  severe- 
service  test  with  6  hp.  at  600  r.p.m.,  for  a  period  suffi- 
cient to  heat  the  drum  and  samples  and  soften  the  im- 
pregnating compounds.  After  stopping  and  cooling,  the 
torque  required  to  move  the  drum  relative  to  the  lining 
was  measured.  It  was  soon  found  that,  with  a  given 
lining,  the  tendency  to  stick  varies  with  the  period  of 
application,  and  that  the  period  required  to  develop  the 
maximum  tendency  varies  with  different  linings.  As  the 
heating  progresses,  the  maximum  tendency  to  stick  will 
not  result  until  the  compounds  have  been  softened  suffi- 
ciently. Application  of  power  beyond  the  point  required 
for  the  maximum  sticking  will  lead  to  the  changing  of 
the  surface  layer  of  the  compounds  to  a  dry,  powdery  or 
other  condition,  in  which  its  ability  to  act  as  a  bond 
between  lining  and  drum  is  reduced  or  lost. 

As  the  nature  of  the  impregnating  compounds  and 
their  reaction  to  heating  varies,  it  is  understood  readily 
that  their  relative  tendency  to  stick  cannot  be  ascer- 
tained satisfactorily  with  either  of  the  tests  now  in  use, 
mentioned  previously.  This  test,  as  now  carried  out  at 
the  Bureau  of  Standards,  consists  in  running  samples 
with  6  hp.  at  600  r.p.m.  for  1,  2,  3,  4  and  5  min.  respec- 
tively, the  load  being  regulated  as  promptly  as  possible 
after  starting;  the  power  is  then  cut  off  and  the  drum 
allowed  to  come  to  rest.  The  tension  between  the 
pressure-arms  is  increased  to  50  lb.,  as  recorded  by  the 
spring-balance,  and  the  linings  and  the  drum  are  allowed 
to  cool  for  20  min.  The  drum  is  then  locked  in  position 
by  clamping  the  dynamometer  shaft.  The  torque  re- 
quired to  move  the  brake-shoes  in  relation  to  the  drum 
is  measured  by  raising  the  end  of  the  torque-arm,  the 
force  exerted  at  this  point  being  observed  on  the  spring- 
balance  shown  at  the  right  of  Fig.  2. 

If  the  pressure  on  the  brake-shoes  were  released  be- 
fore measuring  the  torque,  the  bond  between  the  lining 
and  the  drum  might  be  disturbed  by  the  weight  of  the 
equipment,  the  spring  of  the  shoes  or  accidentally  while 
connecting  the  lifting  device  with  the  torque-arm.  To 
eliminate  the  effect  of  this  tension,  another  torque 
measurement  of  the  force  is  taken  after  the  bond  be- 
tween the  lining  and  the  drum  has  been  broken.  The 
difference  between  this  second  torque-value  and  the  first 
can  be  used  as  an  indication  of  the  relative  tendency  to 
stick.  Fig.  21  shows  the  results  obtained  with  a  num- 
ber of  linings.  It  is  noticeable  at  once  that  there  is  a 
comparatively  wide  variation  in  the  maximum  values 
found  for  different  linings,  as  well  as  in  the  time  at 
which  the  maximum  occurs.  Here,  again,  it  is  interest- 
ing to  note  that  the  folded  and  rubberized  linings  as  a 
type,  represented  by  samples  Nos.  16  and  17,  do  not  show 
characteristics  distinct  from  those  shown  by  the  woven 
linings.  Fig.  22  is  a  photograph  of  two  samples  of  the 
No.  16  lining  shown  in  Fig.  21.  The  upper  sample 
showed  the  maximum  sticking  for  this  lining  after  a 
4-min.  application;  the  lower  sample  had  a  2-min.  appli- 


cation.    The  difference  in  the  condition  of  surface  will 
be  noted  readily. 

Absorption  of  Water  and  Oil 

Tests  to  determine  the  amount  of  absorption  of  oil  and 
water  were  made  with  samples  5  in.  long.  After  being 
weighed  and  measured,  they  were  submerged  in  oil  and 
water,  respectively.  The  oil  or  water  was  heated  to  100 
deg.  cent.  (212  deg.  fahr.)  and  kept  at  this  temperature 
for  1  hr.  The  samples  were  then  removed,  allowed  to 
drain  and  again  weighed  and  measured. 

The  liquids  were  heated  to  hasten  the  absorption  and 
thus  accelerate  the  test.  The  results  are  shown  in  Fig. 
23  and  summarized  in  Table  2. 

TABLE  2 — ABSORPTION   OF  OIL  AND  WATER 

Absorption,  Per  Cent 
Type  of  Lining  Oil  Water 

Woven  14  to  30  10  to  27 

Folded  and  Rubberized  7  to  24  7  to  27 

Molded  8  to  17  4  to  24 

Measurements  to  ascertain  the  change  of  thickness 
due  to  absorption  have  so  far  been  taken  on  only  a  few- 
samples  soaked  in  oil  and,  where  any  change  was  found, 
it  was  so  small  as  to  indicate  that  such  changes  are  not 
likely  to  cause  dragging  of  brakes  having  standard 
linings.  In  cases  where  heating  may  have  destroyed  the 
impregnation,  the  effect  may  be  more  marked,  but  the 
effect  on  such  linings  has  not  been  investigated. 

Summary 

The  work  done  thus  far  permits  the  conclusion  that 
the  equipment  and  general  methods  developed  are  satis- 
factory for  laboratory  tests  to  ascertain  the  relative 
merits  of  fabric  brake-linings.  To  establish  a  suitable 
test  for  determining  the  relative  behavior  of  brake- 
linings  under  the  more  ordinary  service  conditions 
where  the  application  of  brakes  is  intermittent  and  the 
resultant  temperatures  are  comparatively  low,  further 
work  is  necessary.  The  severe-service  test  as  used  with 
an  uncooled  drum  is,  however,  believed  to  give  a  fair 
comparison  of  the  behavior  of  linings  when  subjected  to 
severe  service.  The  results  obtained  indicate  very  low 
values  of  the  coefficient  of  friction  as  a  result  of  the 
action  of  heat  on  the  impregnating  compounds. 

Very  wide  differences  in  the  comparative  endurance 
of  linings  now  in  use  are  indicated  by  the  tests,  as  well 
as  the  possibility  of  marked  improvement  in  durability 
under  severe-service  conditions.  Owing  largely  to  the 
users'  inability  to  obtain  reliable  information  of  the 
relative  merits  of  linings  otherwise  than  by  prolonged 
use  in  actual  service,  purchases  are  made  almost  exclu- 
sively on  the  basis  of  first  cost  and  without  adequate 
consideration  of  quality  or  economy  in  operation.  The 
general  adoption  of  standard  tests,  such  as  have  been  de- 
scribed, will  assist  the  producer  materially  in  the  sys- 
tematic improvement  of  his  product. 

The  better  understanding  by  the  user  of  the  relative 
merits  of  brake-linings,  which  can  be  brought  about  in 
the  same  way,  will  cause  an  increased  demand  for  the 
better  materials,  those  giving  the  most  reliable  and  most 
economical  braking  service.  The  manufacturer  will  be 
spared  the  indignity  of  having  to  market  materials  on 
the  basis  of  first  cost  alone,  while  aware  that  a  relatively 
slight  increase  in  first  cost  would  permit  him  to  offer 
materials  that  will  give  the  user  from  50  to  200  per  cent 
more  value  In  braking  service. 
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IN'  the  month  of  February  two  meetings  of  the  Society 
were  held  in  the  Middle  West.    The  first  e  waa 

thai  usually  held  at  Chicago  in  connection  with  the 
automobile  show.  This  took  the  form  of  two  technical  ses- 
sions de\  lutomotive  engineering  service  subjects 
on  the  morning  and  afternoon  of  Feb.  1,  followed  by  a 
dinner  in  the  evening.  The  other  gathering  at  Minne- 
apolis on  Feb.  8  and  9  was  the  annual  Tractor  Sleeting 
that  is  held  every  year  during  the  week  of  the  National 
Tractor  Show.  There  were  technical  -  on  the 
afternoons  of  both  days  and  a  dinner  on   the  evening  of 

Feb.  '.». 

Tin-:  Chicago  Service  Meeting 

The  two  technical  sessions  devoted  to  automotive 
engineering  service  subjects  held  in  Chicago,  Feb.  1,  were 
the  second  series  of  the  kind  conducted  by  the  Society. 
They  reflected  strongly  increasing  interest  in  the  appli- 
cation of  engineering  practice  to  the  work  of  maintain- 
ing and  operating  the  world's  automo  icles  and 
apparatus.  It  was  generally  agreed  by  those  in  attend- 
ance that  Engineering  Service  Meetings  should  be  an 
annual  feature  of  the  Society's  work.  The  scope  and 
complexity  of  the  service  industry  are  increasing  daily 
and  the  study  of  its  problems  will  soon  be  considered 
equally  as  important  as  the  other  major  functions  of  the 
automotive  engineer.  Engineering  analysis  must  be  ap- 
plied to  service  methods  in  greater  degree.  Better  tools 
and  practices  will  have  to  be  created  by  the  men  most 
familiar  with  motor-vehicle  design  and  construction.  The 
cooperation  of  the  repair  superintendent  must  be  sought 
and  closer  contact  maintained  with  him  by  the  automo- 
tive designer.  As  stated  by  President  Bachman  in  open- 
ing the  Chicago  meeting,  there  should  be  a  better  under- 
standing of  the  operator's  problems  on  the  part  of  the 
engineer. 

The  Society's  Service  Meetings  provide  an  open  forum 
for  the  mutual  discussion  of  service  engineering  matters 
by  the  constructor  and  the  operator.  Careful  study  of 
the  papers  and  discussion  presented  in  Chicago  last 
month  will  reward  every  progressive  designer  who  aims 
to  have  his  car  or  truck  render  the  ultimate  in  satisfaction 
to  the  owner.  The  first  paper  of  the  meeting  was  pre- 
sented by  B.  M.  Ikert  who  chose  as  his  title,  A  Service- 
Man's  Critical  Estimate  of  Automotive  Engineering.  He 
dealt  with  many  specific  cases  of  inaccessibility  in  current 
models,  slight  alteration  of  which  would  lighten  repair 
work  and  reduce  labor  costs.  He  called  attention  to  the 
desirability  of  studying  the  design  of  a  new  vehicle  from 
the  maintenance  standpoint  in  order  that  the  repairs  and 
adjustments  made  most  frequently  can  be  carried  out  at 
minimum  expense  to  the  car  owner.  It  was  the  author's 
opinion  that  the.  cars  displayed  at  the  1922  shows  reflect 
more  careful  thought  on  features  of  accessibility  and 
simple  adjustment,  indicating  that  designers  are  more 
inclined  to  respect  the  service-man's  desires.  In  abstract- 
ing his  paper  Mr.  Ikert  made  a  plea  for  the  broader  edu- 
cation of  service  engineers  and  urged  the  trouble  diag- 
nostician to  become  more  familiar  with  the  theory  of 
engine  and  car  performance  so  that  false  steps  in  repairs 
can  be  eliminated  by  better  engineering  analysis  of  car 
troubles. 

President  Bachman  reminded  the  service-.nen  that  the 


respect  the  preferences  of  the  salesman,  production 
engineer,  service-man  and  owner,  weighing  one  against 
the  other  and  effecting  the  best  compromise  in  each  case. 
There  are  bound  to  be  cases  where  the  service-man's  re- 
quest for  better  accessibility  is  outweighed  by  demands 
for  lower  production  cost.  In  the  opinion  of  R.  B.  May 
a  reliable  means  of  studying  design  changes  that  facili- 
tate service  is  to  analyze  repair  parts  orders  and  deter- 
mine what  relation  the  expense  of  installation  bears  to 
the  actual  cost  of  those  parts  most  frequently  ordered. 
It  has  been  his  experience  that  a  study  of  this  type  re- 
veals many  impractical  repair  operations  whose  cost 
could  be  materially  reduced  by  simple  changes  in  design. 

J.  Whyte  called  attention  to  the  lack  of  standardization 
in  the  electric  wiring  layouts  of  cars  today  and  urged 
not  only  the  adoption  of  a  more  uniform  practice  of  wir- 
ing but  also  a  schematic  wire  color-standard  to  simplify 
electrical  repairs.  He  has  found  that  a  closer  contact 
with  the  repair-man  during  the  early  stages  of  develop- 
ment invariably  leads  to  designs  that  are  most  economical 
from  the  repair  standpoint  and  cheaper  to  produce.  A.  D. 
T.  Libby  made  an  extremely  interesting  announcement 
in  presenting  his  discussion,  stating  that  the  officers  of 
the  Automotive  Electrical  Association  had  agreed  to 
stimulate  greater  use  of  S.  A.  E.  Electrical  Standards 
in  the  design  of  apparatus  made  by  the  members  of  that 
association. 

J.  F.  Page  presented  an  analysis  of  the  more  important 
organization  matters  in  a  modern  service-station,  which 
by  careful  study  or  by  neglect  can  wholly  determine  the 
attitude  of  the  car-owner  to  that  station.  While  his  paper 
was  not  of  an  engineering  nature,  Mr.  Page's  reasoning 
appealed  strongly  to  the  members  since  he  presented  the 
views  of  the  man  who  is  in  direct  contact  with  the  gen- 
eral public.  He  said  that  the  owner  can  reasonably  de- 
mand and  expect  courteous  and  intelligent  treatment, 
proper  mechanical  work,  quick  service,  dependable  prom- 
ises, fair  prices  and  correct  and  understandable  bills. 
The  particular  provisions  necessary  to  satisfy  these  ex- 
pectations were  outlined,  the  three  essential  factors  be- 
ing trained  personnel,  adequate  equipment  in  floor-space 
and  tools  and  an  effective  system.  Certain  unreasonable 
requests  will  continue  to  be  made  by  owners  but  Mr.  Page 
felt  sure  that  these  will  be  relatively  few  in  number.  He 
stated  that  the  public  is  fast  becoming  motor-wise  and 
that  the  present-day  active  competition  is  forcing  im- 
provements in  accessibility  and  adjustment  with  result- 
ant economy  in  repair  costs.  Organization  of  the  service- 
station  along  business-like  lines  can  no  longer  be  avoided 
if  a  company   expects   to   survive   in   a   buyer's-market. 

President  Bachman  believed  that  Mr.  Page's  paper 
made  possible  a  clearer  definition  of  service  as  "the 
rendering  of  facilities  for  the  efficient  and  economical 
operation  of  automotive  apparatus."  Past-President 
Beecroft  strongly  urged  greater  appreciation  of  the  value 
of  a  business  man's  time  when  he  enters  the  service- 
station.  The  delay  he  experiences  in  placing  his  order 
or  in  having  simple  adjustments  made  should  be  reduced 
to  an  absolute  minimum.  Mr.  Beecroft  reminded  those 
present  that  the  matter  of  rendering  efficient  service  is 
becoming  more  important  in  the  sale  of  all  goods  today. 
It  is  one  of  the  principal  elements  in  our  competing  with 
other  nations  in  foreicrn  markets.    Standardization  is  an- 
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and  materials  facilitates  the  servicing  of  automotive 
vehicles  in  distant  points  without  the  accumulation  of  a 
vast  stock  of  repair  parts. 

Body  Service  and  Garage  Equipment 

A  paper  enumerating  the  many  service  advantages  re- 
sulting from  motor-truck  body  standardization  was  pre- 
sented by  C.  B.  Veal  and  C.  M.  Manly  under  the  title. 
Commercial-Body  Supply  and  Service.  The  authors  de- 
scribed a  method  of  constructing  motor-truck  bodies  by 
assembly  from  a  series  of  interchangeable  standard  units 
and  stressed  the  economies  made  possible  by  this  de- 
parture from  the  more  general  practice  of  designing  and 
building  custom  bodies  to  suit  the  individual  whims  of 
the  truck  owner.  These  standardized  sectional  bodies 
also  hold  advantages  for  the  dealer  and  the  service-man. 
Repairs  resulting  from  collision  can  be  made  with  little 
delay  since  complete  interchangeable  units,  such  as  side- 
panels  and  roofs,  can  be  kept  in  stock  and  readily  as- 
sembled into  place.  A  strong  plea  was  made  for  the 
adoption  of  standard  body-mounting  dimensions  by  the 
truck  builders  as  one  means  of  reducing  the  ultimate 
ton-mile  cost  of  automotive  transportation.  J.  E.  Schipper 
said  that  the  tremendous  stocks  of  raw  and  partly  fabri- 
cated material  maintained  by  body-builders  in  anticipa- 
tion of  special  orders  is  largely  responsible  for  high  body 
prices.  If,  through  standardization,  the  body-builder 
could  be  assured  of  a  market  for  a  particular  body  type 
on  many  makes  of  chassis,  he  could  then  risk  producing 
to  an  economical  schedule  and  reduce  his  overhead  and 
detail  costs.  J.  R.  Willis  did  not  believe  that  the  com- 
plete standardization  of  truck  chassis  body-dimensions 
is  practical  on  account  of  the  wide  variation  in  weight 
per  cubic  foot  of  various  commodities  and  materials.  A 
truck  for  hauling  empty  barrels  must  necessarily  be 
longer  than  one  hauling  an  equivalent  weight  of  sand. 
He  felt,  however,  that  all  driver-cabs  could  be  made  inter- 
changeable between  chassis  of  different  makes  and  ca- 
pacities ;  also  that  spring  and  wheel  locations  relative  to 
the  frame  might  follow  a  uniform  practice  and  simplify 
body  mounting.  G.  S.  Cawthorne  said  cab  standard- 
ization is  not  only  feasible  but  would  soon  be  an  estab- 
lished fact.  In  closing  the  discussion  of  the  paper  Mr. 
Veal  called  attention  to  the  existing  S.  A.  E.  Recom- 
mended Practice  for  Commercial  Body-Mounting  Dimen- 
sions and  urged  truck  builders  to  adopt  this  standard 
more  generally  with  the  idea  of  lowering  the  ultimate 
cost  of  truck  transportation  and  thereby  stimulating 
truck  sales. 

H.  C.  Burlington's  paper,  The  Progress  Made  in  Garage 
Equipment,  served  to  acquaint  the  members  with  a  num- 
ber of  specialized  tools,  including  jacks,  engine  stands 
and  wrecking  cranes  that  are  now  developed  for  use  in 
garages  and  service-stations  where  lower  repair  costs  are 
considered.  In  his  opinion  this  development  has  only 
started  and  the  near  future  will  discover  a  large  number 
of  efficient  devices  for  the  easier  handling  of  automotive 
units  in  process  of  repair.  Mr.  Buffington  called  atten- 
tion to  many  points  encountered  in  the  design  of  this 
garage  equipment  that  warrant  special  attention  on  the 
part  of  the  Standards  Committee  of  the  Society.  It  was 
brought  out  in  the  discussion  that  car  jacks  cannot  be 
of  the  same  heig-ht  for  all  cars  because  no  provision  has 
been  made  for  the  jack-head  to  be  at  a  uniform  distance 
from  the  ground.  In  extreme  cases  it  is  not  even  pos- 
sible to  apply  the  same  jack  properly  under  the  front 
and  the  rear  axle  of  a  given  car.  Howard  Campbell 
read  some  discussion  he  had  prepared  after  a  compre- 


pare  tools,  operations  and  methods.  He  was  surprised  at 
the  lack  of  uniformity  in  methods  pursued  by  different 
stations  in  servicing  the  same  make  of  car.  He  pre- 
dicted that  the  car  builder  will  soon  give  as  careful  con- 
sideration to  the  standardization  and  design  of  tools  for 
the  repair  of  his  vehicles  as  he  has  given  to  the  tools 
used  in  car  production.  Standardized  operations,  tools 
and  methods  lead  to  standardized  service  charges  and 
this  assures  owner  satisfaction  from  the  price  angle. 
W.  C.  Allen  stated  that  $68,000,000  worth  of  garage 
equipment  had  been  sold  in  1921  and. that  40  per  cent  of 
this  equipment  had  to  be  discarded  as  unfit.  This  situa- 
tion indicates,  of  course,  lack  of  cooperation  between  the 
manufacturer  of  this  equipment  and  the  repair-man.  It 
must  be  corrected  by  more  intimate  knowledge  of  the 
work  to  be  done  by  the  respective  tools  and  fixtures.  One 
member  urged  the  adoption  by  all  service-stations  of  a 
flat-rate  charge  for  periodic  lubrication  of  cars  and 
trucks.  The  average  owner  is  negligent  in  the  matter  of 
proper  draining  and  refilling  of  the  crankcase,  transmis- 
sion and  rear  axle,  but  would  take  advantage  of  an  oil- 
while-you-wait  service  at  a  reasonable  cost. 

The  general  feeling  prevailed  during  both  service  ses- 
sions that  automotive  repair  and  maintenance  are  fast 
becoming  a  major  function  of  the  industry.  In  periods 
of  depression  the  service  branch  of  the  business  is  busier 
than  in  times  of  prosperity.  Owners  pay  more  attention 
to  the  adjustment,  lubrication  and  care  of  their  cars, 
for  they  are  anxious  to  lengthen  the  life  of  the  vehicles 
they  own  and  reduce  their  cost  of  operation.  The  grow- 
ing importance  of  service  work,  particularly  in  its  engi- 
neering phases,  demands  that  even  closer  attention  be 
paid  to  the  problems  of  the  repair-man.  He  can  be 
brought  into  closer  relation  with  the  designer  at  meet- 
ings such  as  those  held  in  Chicago.  It  is  the  intention  of 
the  Council  and  Meetings  Committee  to  enlarge  the  scope 
of  such  meetings  to  be  held  by  the  Society  from  time  to 
time. 

Chicago  Dinner 

At  the  dinner  on  the  evening  of  Feb.  1  President  Bach- 
man  referred  to  the  sessions  held  during  the  day  as 
having  given  a  broader  and  clearer  conception  of  the 
engineer's  responsibility  as  to  cooperating  with  other 
divisions  of  the  industry  in  assuring  that  motor  vehicles 
are  designed  not  only  in  accord  with  classroom  and  lab- 
oratory theory  but  to  meet  the  stern  requirements  of 
practical  use.  He  appealed  to  the  members  to  uphold  the 
ideal  of  service  to  the  end  of  surmounting  quickly  the 
problems  of  today  and  the  engineer  taking  his  proper 
place  and  shouldering  his  full  responsibilities. 

Toastmaster  Horning  said  that  the  industry  was 
facing  the  same  sort  of  decision  that  the  Generals  of  the 
Allies  faced  in  the  Battle  of  the  Marne,  but  that  no  man 
can  afford  to  look  into  the  future  with  eyes  of  fear.  He 
sounded  the  signal  for  dispelling  the  recent  gloom  and 
despair  and  for  going  forward  with  courage  to  real  vic- 
tory, the  psychology  of  the  period  being  that  there  is  no 
need  for  anything  but  victory  ahead. 

He  quoted  the  dictionary  as  defining  an  engineer  as  a 
manager,  notwithstanding  the  casual  interrogation,  How 
Can  a  Man  be  an  Engineer  and  a  Manager?  He  pointed 
out  that  occasions  like  this  dinner,  at  which  General 
Manager  Grant,  of  the  Dayton  Engineering  Laboratories 
Co.,  addressed  the  members  in  such  an  informative  and 
inspiring  manner,  made  it  possible  for  the  engineers  to 
function  in  the  highest  way  to  accomplish  the  greates! 
thing's  in  the  industry. 
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aged  by  Mr.  Grant's  remarks,  a^  well  aa  greatlj  amused 

by  his  similes  of  highbrow  production  practices.  His  cut- 
line  of  trade  development  ami  vicissitudes  during  tin'  last 
decade  and  his  analysis  of  the  industrial  outlook,  which 
are  reproduced  in  this  issue  of  The  Journal  under  the 
title,  How  the  Engineer  Can  Help  Business,  held  much  of 
Clarity  and  conviction.  It  is  recommended  that  the  mem- 
give  careful  study  to  what   he  said  and  take  home  to 

themselves  his  admonitions  and  advice  which  are  un- 
doubtedly very  pertinent  to  the  work  of  all  automotive 
engineering  departments.  The  thing  that  Mr.  (Irani  em- 
phasized most  perhaps  is  that  it  i-  essential  that  the 
activities  of  the  financial,  production,  Bales  and  • 
ing  departments  be  closely  knit  together  in  team-play 
for  the  accomplishing  of  the  purposes  of  the  compan 
a  whole,  the  head  of  each  of  these  departments  havii 

i  working  knowledge  of  the  problems  of  all  of  the 
departments. 

The  World  Economic  Situation 

H.  G.  Moulton,  of  the  University  of  Chicago  and  editor 
of  Chicago  Commt  ret .  presented  some  phases  of  the  pres- 
ent business  situation  from  the  standpoint  of  the  pro 
sional  student  of  political  economy  and  as  they  appear  to 
the  bankers  of  the  world.     He  said: 

European  nations,  unlike  our  own.  have  long  I" 
in  the  habit  of  making  budgets  hut.  unfortunately, 
since  the  war  they  have  not  been  in  the  habit  of  bal- 
ancing them.  In  the  year  1920  not  a  single  nation 
in  Europe,  with  the  exception  of  Great  Britain,  was 
able  to  balance  its  budget;  every  one  of  those  na- 
tions spent  money  far  in  excess  of  what  they  were 
able  to  raise  from  taxation,  with  the  single  excep- 
tion of  Great  Britain.  Even  Great  Britain  in  the  year 
1921  was  faced  with  the  inabilitj  to  raise  revenue  from 

taxation   sufficient   to   meet   expenditure.-. 

France  can  raise  from  taxation  somewhere  between 

1-. ,000.001)    and    jn.niio.OOO.OOO    francs.      The    total 

French  expenditures  are  still  running  from  lo.OOO.OOO,- 
000  to  50,000,000,000  francs.  In  the  year  L92I  alone 
the  French  deficit  amounted  to  35,000,000,000  francs. 
In  the  nations  of  Central  Europe  it  is  a  case  of  print- 
ing government  paper  money,  sometimes  by  the  gov- 
ernments themselves,  sometimes  through  the  intermedi- 
ation of  the  central  banks.  In  other  countries  it  is 
done  on  the  basis  of  short-time  loans  from  the  banks, 
and  in  part  on  the  basis  of  new  bond  issues  placed  in 
the  investment  markets.  But  in  any  event  it  means 
increased  borrowing. 

After  4  years  of  war  the  French  debt  had  increased 
from    84,000,000,000   to    150,000,000,000    francs,    almost 
quadrupled    in    the    period    of    the    war.      It    1 
than  doubled  Armistice.     And  yet   there  are 

very  many  writers  who  tell  you  that  France  is  coming 
back     to     normal    conditions     with  iy     rapid 

strides.     It  is  the  budgetary  situation  in  Prance,  Italy. 
Belgium,  Germany  and  the  nation-  of   Eastern  Europe 
that  has  given  the  statesmen  of  Europe  the  -rare  which 
has  led  to  the  calling  of  an  international  confi 
Genoa. 

France  sees  that  she  cannot  balance  her  budget  out 
of  her  own  taxation  revenues,  and  therefore  insist- 
that  she  receive  reparations  from  Germany.  Mean- 
while Germany's  budget  is  more  seriously  unbalanced 
than   that   of    France   and   she    insist  innot    pay 

reparations.  Great  Britain  stands  in  what  may  be 
called  a  neutral  position  on  the  matter  at  the  present 
time.  The  Reparations  Commission,  the  allied  experts 
and  most  of  the  students  of  the  world  have  agreed 
that  Germany  at  the  present  time  cannot  pay  repara- 
tions in   very  large  amounts.     The  only  way  in  which 


pay  with  gold.     The  total  gold  supply  of  Germany  is 

less    than    $250, .000.      That    is    less    than    SUfficienl    to 

pay  the   indemnity  for  a  single  half-year.     If.  thi 

fore,   Germany   is  to   pay.   she   must    pay   in   goods.      I 
the    main    truth    is    that    not    a    single    nation    is    willing 

to  receive   the  goods  with   which  alone   Germany  can 

pay.        In     other     woids,     all     the     allied     nations     them- 
selves, when   it  0  a  showdown,  do  not    want   <■ 

many  to  pay.     Lloyd  George  stated  this  officially  last 

winter;    Premier    Briand    stated    the    same   thing    in    al- 
most identical  word-,  and  it  is  perfectly  evident  to  any- 

bodj    who  will    read   the  facts   that   that    is  the  case. 

I  MUFF  w  ILLS 

France   has   raised   a   p  tarifl    for   the  expn 

purpose  of  keeping  German   g Is  out.     On  the  other 

hand,  she  would  l>e  willing  to  -ee  smiie  of  i he  German 
hipped   into   Great    Britain  to   permit   German} 
in  paj    reparations  to  France.     I'm   Great    Britain  ha 

inti-dumping  tariff  lull  designed  specifically  to  I 
German  goods  oul  of  Great  Britain.  Both  France  and 
Great  Britain  would  be  glad  to  see  Germany  ship  goods 
to  the  United  States  and  thus  get  the  means  of  paying 
nations  to  the  Western  European  countries,  but  we 
have  an  emergency  tariff  law  to  keep  German  goods 
from  inundating  our  markets  and  disturbing  our  do- 
mestic conditions.  On  the  part  of  the  United  States, 
those  who  believe  that  we  really  want  European  d< 
paid  to  us  and  would  like  to  see  Germany  paying  repa 
rations  say  it  is  not  after  all  necessary  for  the  United 
States  to  receive  those  goods;  that  the  matter  can  be 
accomplished  in  roundabout  ways.  Therefore,  tin- 
goods  should  be  shipped  to  South  America.  But  the 
American  manufacturers  who  are  looking  to  South 
America  as  their  best  chance  to  expand  their  exports 
in  the  face  of  a  declining  European  demand  do  not 
want  German  competition  to  drive  them  out  of  the 
South  American  markets  where  they  have  already  been 
obtaining  a  foothold.  So  they  say,  If  they  cannot  sell 
those  German  goods  in  South  America  to  pay  repara- 
tions, cannot  they  sell  them  in  Poland,  in  Czecho-Slo- 
vakia,  in  Russia?  That  question  was  propounded  by  an 
American  economist  to  a  high  French  official  at  the 
time  of  the  Armistice.  The  reply  was.  No,  Franc 
not  willing  to  see  Germany  regain  her  standing  in  the 
Eastern  European  markets.  France  is  looking  with 
eager  eyes  to  the  expansion  of  her  own  foreign  trade 
in  that  section  of  the  world. 

Russia  is  out  of  the  question  so  far  as  France  is 
concerned,  and  the  United  States  also  is  looking  to 
Russia  to  find  an  outlet  for  its  excess  manufacturing 
capacity;  and  the  same  is  true  of  the  great  British 
industries.  If  they  cannot  get  into  Russia,  what  al 
Asia,  China?  When  the  Celestial  Empire  conies  within 
the  folds  of  commercial  civilization,  when  that  great 
giant  of  the  Fast  awakens,  is  that  not  the  place  for 
Germany  to  sell  her  goods?  In  the  years  before  the 
war  there  was  an  international  banking  consortium 
for  the  development  of  Chinese  resources.  Five  na- 
tions, Germany.  England,  F'rance,  the  United  States 
and  Japan,  were  in  that.  Since  the  war  Germany  has 
been  excluded.  The  United  States  and  the  other  na- 
tions involved  have  become  a  four-power  consortium 
for  the  exploitation  of  those  resources. 

That  is  the  truth  of  the  matter,  as  it  is  recognized 
in  England  everywhere.  England,  therefore,  is  will- 
ing to  see  the  reparations  question  scrapped.  France 
is  hoping  against  hope  that  she  will  save  her  own  finan- 
cial position  by  receiving  German  reparations.  On  the 
other  hand,  England  sees  that  the  thing  that  Eng- 
land needs  and  the  thing  that  the  world  needs  is  a 
restoration  of  a  prosperous  Central  Europe.  She  is 
looking  forward  to  a  restoration  of  trade  with  Ger- 
many and  Central   Europe. 
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Eastern  Europe.  In  the  44  years  between  the  Franco- 
Prussian  War  and  the  outbreak  of  the  Great  War  in 
Europe  in  1914  a  remarkable  development  took  place 
in  the  heart  of  the  Continent  of  Europe.  Germany, 
until  that  time,  was  a  weak,  poor,  agricultural  nation, 
with  no  great  industrial  development  whatsoever.  In 
the  brief  space  of  44  years  there  occurred  a  remarkable 
economic  evolution.  That  nation  advanced  from  a 
population  of  40,000,000  to  a  population  of  68,000,000. 
By  linking  science  and  industry  in  a  remarkable  jvay 
the  standard  of  living  of  those  68,000,000  people  was 
raised  to  a  much  higher  level  than  ever  before,  and 
Germany  not  only  became  a  powerful  competitor  of  the 
other  nations  in  selling  goods  in  the  markets  of  the 
world,  but  Germany  became  by  all  odds  the  best  market 
for  English  goods.  Germany,  as  a  matter  of  fact,  ex- 
ported something  like  10,000,000,000  marks  worth  of 
goods  annually  to  the  rest  of  the  world,  but  imported 
11,000,000,000  marks  worth  annually  from  the  rest  of 
the  world. 

CENTRAL  EUROPE  CONDITIONS 

Germany  became  the  organizing  force  for  all  the  rest 
of  Central,  Southeastern  and  Eastern  Europe,  from 
the  North  Sea  to  the  very  borders  of  Asia.  It  was 
from  the  financial  offices  of  Berlin,  Hamburg,  Frank- 
fort and  Vienna  that  the  vast  economic  organization 
of  the  whole  of  Central  and  Eastern  Europe  radiated. 
That  organization,  as  the  result  of  the  settlements  that 
have  followed  the  war,  has  been  largely  broken  down. 
Some  of  the  reasons  for  this  are  political  and  some 
economic.  A  unified  economic  system  was  treading 
beyond  national  bounds.  It  has  been  torn  down,  and 
a  great  reduction  in  the  standard  of  living  of  the 
whole  region  has  resulted.  Mr.  Hoover  has  estimated 
that  even  in  Germany  the  standard  of  living  is  now  not 
more  than  60  per  cent  of  what  it  was  in  the  days  before 
the  war.  It  is  that  situation  in  Germany,  with  the 
lack  of  purchasing  power  there,  that  has  compelled 
England  to  shift  her  position  with  reference  to  the 
reparations  issue  completely.  England  is  opposing  the 
policy  of  France. 

I  hold  no  brief  whatsoever  for  the  German  political 
system  that  existed  before  the  war.  I  was  as  glad  as 
anybody  to  see  that  broken  once  and  for  all,  but  the 
situation  in  Europe  now  requires  us  to  view  it  with 
sanity,  because,  in  the  view  of  the  greatest  British 
statesmen,  bankers  and  economists,  the  very  fate  of 
European  civilization  is  at  stake  in  the  solution  of  the 
problems  involved. 

POSITION  OP  THE  UNITED  STATES 

How  does  that  come  back  to  the  United  States?  Mr. 
Grant  told  you  that  our  export  trade  to  Europe  in  the 
year  1921,  as  far  as  agricultural  produce  is  concerned, 
held  up  remarkably  well.  As  a  matter  of  fact,  the 
total  number  of  bushels  of  wheat  exported  in  1921  was 
in  excess  of  what  it  was  in  1920.  But  bear  in  mind 
that  the  price  dropped  from  roughly  $2  to  $1  a  bushel, 
with  the  quotations  now  below  prewar  levels  at  the 
farm.  That  has  given  rise  to  considerable  discussion 
among  economists  and  bankers.  I  am  informed  that 
Europe  is  willing  to  take  large  quantities  of  wheat, 
but  insists  upon  getting  it  at  a  very  low  price.  There 
is  an  extremely  sluggish  demand.  With  the  Govern- 
ment purchasing  power  in  the  field  Europe  was  able  to 
take  advantage  of  the  situation  at  every  step  and  re- 
duce the  prices  to  a  level  where  it  could  buy.  That  is 
the  explanation  on  the  demand  side.  On  the  other  hand, 
the  American  farmer  pressed  relentlessly  a  huge  sup- 
ply to  market  all  the  time,  partly  because  of  the  ne- 
cessities of  the  farmers  themselves  and  partly,  because 
of  the  insistence  of  bankers  that  farmers  liquidate 
their  loans.  On  the  one  side,  a  tremendous  pressure 
of  supply;  on  the  other  side,  a  very  halting  demand. 


their  grain  at  a  good  figure,  obviously  they  cannot  buy 
the  same  quantity  of  produce  from  the  local  retailers 
that  they  would  otherwise  buy.  The  local  retailer  can- 
not buy  the  same  volume  of  commodities  from  the 
wholesalers  of  the  distributing  centers,  and  of  course 
the  wholesalers  of  the  distributing  centers  cannot  buy 
the  same  volume  of  produce  from  the  manufacturers. 
That  means  that  the  manufacturers  cannot  employ  the 
same  number  of  laborers  that  they  otherwise  would, 
and  that  those  laborers  who  are  out  of  jobs  cannot  buy 
at  their  local  retail  stores  the  same  quantity  of  goods 
that  they  otherwise  would,  and  those  retail  stores  can- 
not pass  back  the  orders  to  their  wholesalers  and  man- 
ufacturers, and  so  on  around  the  circle.  That  is  per- 
fectly clear  and  simple. 

IMPORTANCE   OF  EXPORT   TRADE 

Take  the  cotton  situation.  There  is  practically  iden- 
tically the  same  thing  there.  Sometimes  people  say 
that  the  total  foreign  demand  is  only  8  or  10  per  cent 
of  our  total  domestic  trade  and,  therefore,  we  shall  not 
need  to  worry  much  even  if  it  disappears.  It  is  over 
50  per  cent  in  the  case  of  cotton  and  roughly  over  30 
per  cent  in  the  case  of  grain.  Let  the  foreign  demand 
for  cotton  drop  still  lower,  and  the  agricultural  de- 
pression in  the  South  will  be  more  severe.  You  may 
recall  the  "Buy  a  Bale  of  Cotton"  movement  in  1914, 
at  the  outbreak  of  the  war  when  the  cotton  exports 
were  almost  completely  eliminated.  Cotton  dropped  to 
6  cents  per  lb.  Six  cents  a  pound  meant  ruin  to  the 
cotton  industry.  It  meant  inability  on  the  part  of  the 
dealers  to  pay  the  bills  of  wholesalers  in  the  centers 
of  the  North;  it  meant  inability  on  the  part  of  the 
wholesalers  in  the  North  to  pay  their  debts  to  the 
banks;  and  so  the  banks  and  the  business  men  of 
Northern  cities,  instead  of  trying  to  drum  up  more 
home  business,  tried  to  get  a  "Buy  a  Bale  of  Cotton" 
movement  started  to  raise  the  price  of  cotton.  What 
happened  when  in  less  than  a  year  the  great  European 
demand  for  cotton  reasserted  itself  and  the  cotton  rose 
from  6  to  15  and  20  and  42  cents  per  lb.?  Plenty  came 
back  to  all  the  Southern  region.  Not  only  did  they 
pay  off  their  past  bills  but  they  expanded  their  scale 
of  living;  they  bought  things  and  developed  their  farm 
property  in  a  way  never  known  before.  That  shows 
that  the  United  States  is  linked  indissolubly  in  trade 
relations  to  Europe.  It  is  impossible  for  us  to  have 
real  prosperity  so  long  as  Europe  is  going  in  the  oppo- 
site direction. 

THE  WORLD  AN  ECONOMIC  UNIT 

I  agree  heartily  with  what  Mr.  Grant  has  said;  that 
it  is  up  to  every  one  of  us  to  do  his  level  best  in  his 
own  way  to  improve  the  situation  as  he  finds  it.  What 
can  we  do  with  reference  to  the  European  situation? 
We  have  a  foolish  notion  in  the  United  States  that 
Europe  is  no  concern  of  ours,  that  we  should  live  in 
isolation  from  the  rest  of  the  world,  if  need  be.  The 
plain  truth  of  the  matter  is  that  the  world  is  an  eco- 
nomic unit  now.  The  farmers  of  the  Country  are  com- 
ing to  understand  that.  The  bankers  know  that  the 
world  is  an  economic  unit.  Some  of  these  days  the 
irreconcilables  in  Congress  will  realize  it. 

I  attended  a  meeting  in  New  York  City  last  week  to 
consider  the  question  of  whether  the  United  States 
should  participate  in  the  Genoa  Conference.  This  is 
the  situation  that  existed:  The  United  States  could 
not  send  to  the  Genoa  Conference  any  official  repre- 
sentatives with  power  to  act  for  it  for  the  simple 
reason  that  Congress  would  not  bestow  any  such  au- 
thority upon  any  American  representatives.  There  is 
no  use  of  our  going  to  the  Genoa  Conference  unless  we 
can  join  in  working  out  some  solution.  Every  nation 
has  to  do  its  part  and  take  its  responsibilities.  If  we 
are  to  have  some  kind  of  international  organization  for 
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European  governments  now  insist,  we  must  have  some 
kind  of  international  economic  machinery  for  dealing 
with  tlu.se  problems.  The  duty  of  the  American  busi- 
ness-man in  1922  is  to  recognize  that  the  European 
problems  must  find  a  solution. 

DOMESTIC   PROGRESS 

So  far  as  the  domestic  situation  is  concerned,  un- 
questionably we  have  progressed  far  in  the  past  12 
months.  The  progress  henceforth,  as  1  see  it  as  an 
economist,  will  leave  us  in  a  gradually  hotter  position, 
provided  the  European  situation  does  not  grow  steadily 
worse.  As  manufacturing  prices  fall  toward  the  level 
of  agricultural  prices,  there  will  be  a  gradual  incn 
in  the  purchasing  power  of  the  farming  communities. 
Many  other  factors  are  working  toward  the  same  di- 
rection.  But  controlling  all  is  the  condition  of  the 
European  budgets,  and  the  condition  of  the  European 
budgets  will  remain  what  it.  is,  the  nations  going  fur- 
ther and  further  toward  the  condition  of  bankruptcy. 
until  some  thoroughgoing,  comprehensive,  economic  pro- 
gram is  worked  out. 

I   want  to  see  the  United   States  stand   shoulder  to 
shoulder   with    England    in    a   solution    of   the   probli 
because  in   that  I   think  lies  not  only  the  hope  of  the 
Anglo-Saxon  people  in  the  next  5  or  10  years,  but  the 
hope  and  prosperity  of  the  world  as  a  whole. 

Minneapolis  Tractor  Meeting 

Much  interest  was  shown  in  the  meeting  of  the  Soi :ii 
held  at  Minneapolis  during  the  National  Tractor  Show 
Week.  The  first  technical  session  on  Wednesday  after- 
noon. Feb.  8,  was  devoted  to  the  application  of  the  trac- 
tor to  the  building  and  maintenance  of  roads.  C.  M. 
Babcock,  commissioner  of  highways  of  Minnesota,  ad- 
dressed the  members  and  gave  some  interesting  statis- 
tical data  that  indicated  the  extent  of  road-building  op- 
erations in  that  State  during  1921.  He  urged  those 
present  to  use  their  influence  to  keep  the  matter  of  high- 
way construction  and  maintenance  out  of  politics.  Road 
building  is  one  of  the  most  extensive  engineering  opera- 
tions in  the  United  States  and  it  is  essential  that  it  !><= 
conducted  on  business-like  lines.  Each  State  must  in- 
terest itself  in  the  road  programs  of  its  neighboring 
States,  keep  them  active  in  the  road-building  business 
and  arrange  trunk  highways  with  proper  relation  to  in- 
terstate transportation.  According  to  Mr.  Babcock,  only 
35  States  were  able  to  absorb  their  share  of  the 
Federal-aid  fund  for  road  construction  in  1921.  He 
fears  that  this  condition  may  result  in  a  substantial 
reduction  in  Federal  appropriations  for  the  coming  year 
and  presented  it  as  another  reason  for  each  State  main- 
taining interest  in  the  road-building  activity  of  the  other 
States. 

During  1921  the  State  of  Minnesota  expended  $33,- 
656,145  in  extending  and  maintaining  its  highway  sys- 
tem. This  fund  was  raised  from  State  automobile  license 
fees,  county  and  township  taxes  and  the  Federal-aid 
funds.  It  enabled  the  State  Highway  Department  to 
grade  765  miles  of  road,  gravel  497  miles  and  pave  109 
miles.  A  total  of  885  miles  was  regraveled  and  1131 
miles  was  reshaped.  The  work  included  the  patroling 
and  inspection  of  6855  miles  of  highway.  It-  is  readily 
appreciated  how  helpful  this  work  is  in  an  agricultural 
State  like  Minnesota.  The  highway  funds  available  did 
not  warrant  the  expenditure  of  large  sums  of  money  on 
snow  removal.  Mr.  Babcock  said  that  it  is  better  to 
let  the  highways  remain  somewhat  blocked  for  a  few- 
weeks  in  mid-winter  than  to  spend  maintenance  funds  for 
snow  removal  and  have  the  roads  go  to  pieces  from  lack 


derived  from  the  following  sources  in  the  proportions 

given:     County   taxes.   82%   cents;    township   taxes,   20'- 

cents;  motor-vehicle  licenses,  n;  cent-;   road  bonds,  12 

cents;    Federal    aid,    9   cents;    State    taxes,    6    coins,    anil 
city  taxes,   1  c< 

The  paper  on  Operation  of  Automotive  Equipment 
in  Road  Construction  and  Maintenance,  given  by  A.  C.- 
Godward,  contained  some  extremely  interesting  cost  data 
on  t 'actors  and  trucks  operated  by  the  Minneapolis  Park 
Board.  Mr.  Godward  had  compiled  figures  to  impress 
the  tractor  designers  with  the  value  of  first-cost  of  auto- 
motive equipment  compared  with  its  operation  and  main- 
tenance expense.  His  data  indicated  that  first-cost  rep- 
resents  only  20  to  30  per  cent  of  the  total  annual  cost 
of  operating  a  5-ton  truck  or  a  10-ton  track-laying 
tractor.  The  ratio  of  fixed  to  operating  expense  was 
1  to  2  in  the  case  of  the  truck,  1  to  3  in  the  case  of  the 
tractor  and  1  to  6  in  the  case  of  a  %-yd  steam  shovel. 
From  these  data  it  can  be  readily  seen  how  much  worth 
while  it  is  to  pay  a  higher  price  for  new  equipment  pro- 
vided its  operating  and  repair  expense  is  reduced  by  the 
guarantee  of  better  quality,  dependability  and  rugged- 
ness.  Mr.  Godward  felt  sure  that  automotive  designers 
would  always  find  the  road  engineer  willing  and  glad  to 
furnish  cost  information  for  the  guidance  of  the  tractor 
builder.  From  his  own  figures  he  could  define  certain 
development  in  tractor  design  that  would  lessen  operat- 
ing expense  and  establish  the  tractor  as  a  more  econom- 
ical unit.  It  is  also  the  practice  of  the  road  engineer 
to  offer  suggestions  gathered  from  his  field  experience 
and  pass  them  on  to  the  man  responsible  for  the  design 
of  the  unit  he  uses.  In  response  to  a  question,  Mr.  God- 
ward stated  that  the  cost  system  he  is  using  had  been  laid 
out  by  his  own  organization,  is  adaptable  only  to  reason- 
ably small  road  operations  and  probably  could  not  be  fol- 
lowed as  a  standard.  In  connection  with  Mr.  Godward's 
statement  that  tractors  in  his  service  work  1600  hr.  per 
year  and  have  a  life  of  5  years,  or  an  equivalent  of  8000 
working  hr.,  A.  W.  Scarratt  remarked  that,  since  the  av- 
erage automobile  would  travel  100,000  miles  in  this  same 
period,  this  is  an  indication  of  the  ruggedness  built  into 
the  modern  tractor.  Mr.  Godward  agreed  and  attributed 
the  results  largely  to  the  excellent  care  given  these  ma- 
chines. They  were  generally  operated  on  heavy  work  such 
as  elevating  graders,  snowplowing  and  pulling  of  stumps. 
In  addition  to  continuous  attention  to  adjustments  and 
lubrication,  each  machine  was  thoroughly  overhauled  in 
the  winter  before  starting  the  spring  road-work. 

The  adaptation  of  the  tractor  to  road-grading  work 
was  treated  by  C.  O.  Wold.  He  believes  that  although 
the  tractor  is  well  suited  to  the  hauling  of  all  sizes  of 
grading  machinery,  the  horse  competes  strongly  with  it 
when  the  grader-blade  width  is  less  than  10  ft.  When  the 
work  in  hand  warrants  the  first  expense  it  is  always 
economical  to  use  tractors  with  graders  of  large  blade- 
width;  a  12-ft.  blade  will  always  build  a  mile  of  road 
at  less  cost  than  a  10-ft.  blade.  This  fact  is  much  in 
favor  of  the  tractor  for  grader  work.  In  analyzing  the 
sales  of  grading  machinery  Mr.  Wold  said  that  approxi- 
mately 2500  machines  of  the  larger  sizes  are  sold  annu- 
ally. All  of  these  machines  are  for  tractor  use.  On  the 
other  hand,  15,000  of  the  smaller  graders  are  marketed 
annually,  nearly  all  of  them  being  of  the  horse-drawn 
type.  The  combination  of  grader  and  tractor  in  a  single 
machine  did  not  strike  Mr.  Wold  as  being  feasible  since, 
at  times,  it  would  necessitate  the  tractor  working  in 
the  ditch  where  it  might  not  be  stable.  A  slow  tractor 
speed,  about  2  m.p.h.,  was  recommended  for  this  class 
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for  tractor  wheels  varies  greatly,  Mr.  Wold  has  found 
the  simple  cone  lug  is  preferable  in  road-maintenance 
work.  Tractor  wheels  should  be  made  heavier  for  road- 
work  than  is  the  practice  in  the  case  of  agricultural  ma- 
chines. Answering  a  question,  Mr.  Wold  said  that  the 
recent  low  cost  of  horses  and  feed  had  reduced  the  pur- 
chase of  small  tractors  for  the  lighter  maintenance  work, 
but  that  the  larger  units  are  still  in  demand  for  the 
heavier  duties  of  road  building. 

The  experience  with  tractors  of  a  contractor  was  given 
by  R.  C.  Shoen  in  his  paper,  Practical  Road  Construc- 
tion. He  applies  tractors  extensively  in  his  road-build- 
ing operations  and  is  a  confirmed  believer  in  their  su- 
periority to  horses  for  this  class  of  work.  He  employs 
tractors  exclusively  on  all  gr-ading  machines.  He  uses 
them  to  transport  his  camp  houses  and  equipment  as  the 
w^ork  advances,  having  found  camp  mobility  a  large  fac- 
tor in  the  reduction  of  road-construction  costs.  His 
tractors  have  been  utilized  frequently  to  move  very  large 
boulders  that  could  not  be  handled  with  horses;  they 
performed  to  marked  advantage  in  turning  time;  and 
were  superior  in  the  finishing  operations.  The  tractors 
cost  $40  per  day  to  operate,  compared  with  $46  for  horses 
doing  the  same  work.  Under  conditions  favorable  to 
the  horse,  Mr.  Schoen  found  it  cost  1%  cents  less  per  cu. 
yd.  to  move  dirt  with  the  tractor.  One  of  the  interest- 
ing statements  he  made  was  that  he  adhered  strictly  to 
the  builder's  recommendations  on  grades  of  lubricant 
to  be  used  with  the  tractors.  He  attributed  a  good  part 
of  his  success  to  this  care  in  selecting  and  using  good 
lubricants. 

Mr.  Schoen  pointed  out  that  one  automotive  link  is 
missing  in  the  road-building  business,  a  suitable  machine 
for  hauling  dirt  where  operations  are  necessarily  limited 
to  travel  over  loose  earth.  The  motor  truck  is  capable 
of  hauling  gravel,  but  in  this  case  all  of  its  tra.vel  is  over 
hard  surface.  One  solution  of  the  problem  would  be  the 
development  of  a  special  dump  trailer  to  be  hauled  by 
the  tractor. 

Following  Mr.  Shoen's  address,  motion  pictures  were 
shown  of  tractors  engaged  in  road  construction  and 
maintenance  operations. 

At  the  technical  session  devoted  to  agricultural  appli- 
cations of  the  tractor  the  first  paper,  by  G.  Douglas  Jones, 
was  on  The  Relation  of  the  Tractor  to  the  Farm  Imple- 
ment. Mr.  Jones  directed  the  attention  of  the  members 
to  those  lines  of  tractor  design  development  that  impressed 
him  as  possessing  the  greatest  promise  for  the  future  ex- 
pansion of  the  tractor  industry.  He  stated  that  there  are 
4,000,000  farms  in  the  United  States  having  an  indi- 
vidual area  of  50  to  200  acres,  and  that,  since  th^se  rep- 
resent  80  per  cent  of  the  total  number  of  farms  in  this 
country,  their  owners  logically  constitute  the  principal 
body  of  tractor  buyers.  The  majority  of  these  farms  are 
operated  as  producers  of  diversified  crops  and  a  great 
many  types  of  implement  are  required  to  work  them. 
To  fulfill  the  requirements  of  the  farmer  raising  diver- 
sified crops  on  these  smaller  farms,  it  will  be  necessary 
to  develop  small  tractors  of  light  weight,  capable  of 
handling  all  of  the  power  work  on  the  farm.  They  must 
lie  adaptable  to  the  cultivation  of  row  crops  and  not  be 
designed  for  plowing  work  only.  Although  Mr.  Jones 
acknowledged  that  his  specifications  represented  an  ideal, 
he  believed  that  they  pointed  the  way  to  the  accomplish- 
ment of  a  broader  application  of  tractors  to  farm  work 
and  a  consequent  expansion  and  stabilization  of  the  trac- 
tor industry.  His  paper  elicited  very  active  discussion. 
A.  VV.  Scarratt  was  of  the  opinion  that  the  concent  im- 


practicable, and  that  two  types  would  always  be  required 
for  farm  work,  a  heavy  unit  capable  of  handling  plowing 
operations  or  other  work  demanding  a  rugged  machine 
subjected  to  heavy  drawbar  loads,  and  a  lighter  machine 
for  harrowing,  intertillage  work,  mowing,  binding  and 
belt  duty.  In  reply,  Mr.  Jones  expressed  the  hope  that 
the  plow  will  be  superseded  by  a  far  more  efficient  imple- 
ment that  will  make  possible  more  direct  application  of 
automotive  power  to  the  preparation  of  the  soil.  Prof.  J. 
B.  Davidson  concurred  in  this  hope.  He  had  noticed  that 
there  are  two  schools  of  tractor  designers.  One  group 
aims  only  to  replace  the  horse  on  the  farm  and  accepts 
the  present-day  horse-drawn  implement  as  the  final  stage 
of  implement  development.  The  other  group  is  studying 
the  possibilities  of  a  more  direct  application  of  automo- 
tive power  to  soil  tillage,  cultivation  and  harvesting. 
Professor  Davidson  has  faith  in  this  second  group  and 
feels  that  eventually  they  will  perfect  lightweight  trac- 
tors and  implements  that  are  not  only  more  efficient  on 
the  farm  but  more  nearly  automatic  in  operation.  Frank 
N.  G.  Kranich  believed  that  more  attention  should  be 
given  to  the  operation  of  farm  tractors  and  implements 
as  single  rather  than  independent  units.  Replying  to 
Professor  Davidson  and  Mr.  Jones,  A.  W.  Scarratt  stated 
that  it  would  be  a  difficult  task  to  convert  the  farmer  to 
the  use  of  an  implement  other  than  the  plow  for  tilling 
the  soil.  Farmers  as  a  class  are  reluctant  to  accept  any 
development  that  tends  to  revolutionize  practices  of  cen- 
tury-long standing.  E.  R.  Greer  suggested  that  the 
heavier  tractor  duties  such  as  plowing  might  be  handled 
by  community-owned  tractors  of  the  heavy  type,  leaving 
the  lighter  and  diversified  work  to  the  all-purpose  ma- 
chine owned  and  operated  by  the  individual  farmers. 
Professor  Davidson  said  that  community  ownership  of 
tractors  has  not  proved  practical  in  the  majority  of  cases 
and  is  not  to  be  recommended.  Contract  plowing  with 
tractors  is  practical,  however,  and  feasible  in  the  scheme 
suggested  by  Mr.  Greer.  Professor  Davidson  felt  cer- 
tain that  a  compromise  type  of  tractor  can  be  used  suc- 
cessfully, although  its  power  may  be  slightly  inadequate 
for  plowing  and  excessive  cultivation.  Such  a  machine 
will  possess  greater  utility  and  be  of  much  value  to  the 
farmer  of  diversified  crops.  J.  S.  Clapper  also  expressed 
favorable  interest  in  Mr.  Jones'  ideal  tractor.  He  stated 
that  45  per  cent  of  the  farm  land  in  this  country  is 
planted  with  row  crops  which  represent  55  per  cent  of 
the  total  crop  value.  It  is  not  possible  to  convince  the 
diversified-farm  owner  that  a  single-purpose  heavy-duty 
tractor  is  suitable  for  this  work.  Present  types  of  trac- 
tor are  satisfactory  for  work  in  the  grain  fields,  but  the 
tractor  engineer  must  establish  a  closer  relation  with  the 
row-crop  farmer,  familiarize  himself  with  the  numerous 
functions  this  farmer  expects  his  tractor  to  perform  and 
then  perfect  an  automotive  unit  that  will  meet  the  real 
need  economically. 

In  the  second  paper  of  the  Thursday  meeting,  P.  M. 
Heldt  outlined  the  history  of  engineering  standardization 
in  the  automotive  industry  and  urged  not  only  a  more 
extended  application  of  standards  in  tractor  design  but 
a  greater  interest  in  the  work  of  creating  additional 
standards  in  the  tractor  and  farm-power  fields.  He  cited 
many  instances  of  material  savings  in  production  cost 
effected  by  the  use  of  S.  A.  E.  Standards  in  the  passenger- 
car  industry.  He  pointed  out  the  value  of  S.  A.  E.  Stand- 
ard steels  to  the  tractor  builder,  and  mentioned  the  stand- 
ard magneto  mounting  as  an  illustration  of  passenger- 
car  standards  that  are  applicable  to  tractor  design. 
Hitches,  belt  speeds,  screw  sizes  and  lug  attachments  were 
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ardization  is  of  value.    In  closing,  Mr.  Heidi  again  u 
ration  between  tractor  producers  in  th< 
tension  of  the  Society's  tractor  standard-  as  a  means  of 
reducing  production  costs  and   meeting  the  demand  of 
the  farmer  for  lower  tractor  prices.    This  paper  was  fol 
lowed   by   a   general   discussion   of   the   S.    A.    K.   Steel 
Specifications  and  their  application   in  the  construction 

Of  farm  traitors.  Chester  S.  Moody  expressed  apprecia- 
tion of  the  steel  standards  but  hoped  that  further  inves 
tigation  would  he  made  of  the  penetration  ol  heat  treat 
ment  in  sections  exceeding  l '  _•  in,  in  diameter  since  these 
are  often  encountered  in  tractor  construction.  C  F 
Clarkson  advocated  a  more  thorough  understanding  of 
the  advantages  of  standardization  between  the  engineer 
and  those  who  were  his  superiors  in  the  executive  branch 
of  the  business. 

Tractor  and  Plow  Reactions  to  Various  Hitch,-  was 
the  subject  of  a  very  valuable  and  interesting  paper  pre- 
0.  B.  Zimmerman  and  T.  (i.  Sewall.  The 
authors  had  made  an  analytical  stud]  of  the  forces  and 
reactions  in  effect  when  single  and  multiple  plows  are 
being  drawn  by  a  tractor.  Formulas  were  derived  that 
are  readily  applicable  to  the  solution  of  problems  of  trac- 
tor stability  against  overturning.  Using  the  method- 
developed  in  the  analysis,  it  is  possible  to  find  more 
readily  the  answer  to  such  questions  as:  Shall  the  trac- 
tor he  run  on  the  land  or  with  one  wheel  in  the  furrow? 
Should  the  tractor  hitch  lie  low  or  high  in  relation  to  the 
ground?  Where  is  the  center  of  plow  reaction?  The 
reaction  of  the  plow  to  forward  motion  is  resolved  into 
three  major  components:  one  across  the  furrow;  another 
down  the  furrow:  and  the  third  the  vertical  force.  These 
in  turn  are  considered  as  acting  at  one  point  that  the 
authors  designate  as  the  center  of  plow  reaction.  The 
effect  of  varying  the  direction  of  the  line  of  draft  through 
this  point  is  studied  in  a  way  that  shows  the  necessity 
of  exercising  care  in  the  selection  of  a  common  hitch- 
point  tor  the  draft  of  multiple-plow  units.  Diagrams  and 
tahles  are  given  that  enable  the  engineer  to  determine 
whether  long  or  short  hitches  are  desirable  in  a  given  case 
and  what  relation  the  hitch  center  should  bear  to  the 
center  of  plow  reaction.  It  is  shown,  for  example,  that 
if  the  tractor  is  operated  on  the  land  in  preference  to 
the  furrow,  a  long  hitch  is  desirable  with  two  and  three- 
plow  units.  The  forces  that  tend  to  overturn  the  tractor 
are  carefully  analyzed  and  the  effect  of  engine  torque, 
draw  i      lions,   rolling   resistance,   slippage   of   drive- 

wheels,  gradient  and  weight  of  operator  is  clearly  pointed 
out.  Two  representative  tractors  reported  in  the  Ne- 
braska tests  are  compared  lor  stability  bj  the  u  -  "!  thi 
formulas  developed  in  the  paper.  Stability  curves  are 
strutted  for  each  of  these  machines  showing  their  rel- 
ative tendency  to  overturn  under  the  same  operating 
ditions.  Mr.  Zimmerman  stated  that  while  the  analysis 
might  be  more  closely  and  correctly  refined,  the  main 
•  loped  clarify  and  segregate  tin-  primary  in- 
fluent ting  the  several  actions  an 
net  sum  might  be  approximately  ascertained  under  any 
of  conditions,  by  applying  the  simple  formulas  given. 
The  analysis  set  forth  also  establishes  a  definite  method 
of  attack  for  a  more  correct  determination  of  the  most 
suitable  hitch  and  the  selection  of  proper  wheel  lugs. 

The  Dinner 

O.  W.  Young,  second  vice-president  of  the  Society  for 
traitor  engineering,  presided  at  the  dinner  held  at  the 
Hotel  Radisson.     E.  A.  Merrill,  who  was  toastmaster,  in- 


the  evening,  the  first  ol'  whom  was   K.  G,  Quammc,  presi- 
dent of  the  Federal  Land  Bank  of  Si.  Paul.  Minn. 
Mr.  Quamme  said   in  part: 

The     agricultural     indl  I      the     United     Stale-. 

which   is  our   foundation    industry,   is   in   a   had  way   ami 

has  been  for  -  years.  Two  things  have  contributed 
largely  to  disorganizing  it,  the  first  being  the  rapid  and 

drastic  decline  in  prices  of  farm  product-,  ami  the 
><■<  "Mil  the  inflation  that  entered  into  land  values.  Many 
who    have    studied    lie     situation    carefully    have    thought 

all   along  that   it    was  a  great   mistake   to  deflate  the 

value  of  farm  products  so  drastically  and  so  rapidly. 
It  would  have  been  better  for  our  Country  if  we  had 
moved  a  little  more  slowly,  I'm  the  \morican  farmer 
and  the  villager  Constitute  the  besl  market  that  Amer- 
ican industry  has.  While  they  constitute  only  37  per 
cent  of  the  population,  they  purchase  fully  60  per  cent 
of   all   the  manufactured    product-   sold    in    this   Country. 

When  there  is  a  mortgage  of  Sinn  an  acre  hearing 
7  per  cent  interest,  there  i.-  a  charge  of  $7  per  acre 
"ii  that  land  that  must  he  paid  before  anything  else 
is  paid.  While  inflation  entered  into  land  values,  it 
entered  also  into  governmental  costs,  school  districts, 
town-hips,  counties,  State  government,  until  the  taxes 
had  gone  up  from  $40  per  farm  of  160  acres  to  as  high 
as  *:;  an  acre,  or  $4S0  per  quarter-section.  Twenty 
years  ago  s:;  per  acre  was  considered  good  rent  for  a 
farm. 

The  gross  producing  power  of  this  Nation  is 
$40,000,000,000  a  year.  If  our  governmental  costs  are 
$4,00(1, (100, 00(1,  one-tenth  of  the  gross  earning  power  of 
the  entire  Nation  is  used  for  governmental  purposes. 
We  do  not  realize  the  full  importance  of  this  yet,  but 
we  will  as  time  goes  on. 

After  the  war  of  1 S 1 2  we  had  a  down-curve,  as  all 
of  you  who  have  studied  economics  know,  for  30  years. 
After  the  Civil  War  we  had  a  down-curve  of  30  years 
and  an  up-ctirve  of  20.  In  times  of  peace  and  when 
there  is  no  obstruction  on  the  part  of  the  government 
or  otherwise  by  regulation,  there  is  a  relative  value 
between  all  things,  between  the  bushel  of  wheat  and  the 
monkey-wrench,  and  the  bushel  of  wheat  and  any  other 
article.  That  relation  has  now  been  thrown  out-of- 
joint;  it  does  not  exist,  food  products,  farm  products 
and  raw  materials  have  been  deflated  down  to  the  rock- 
bottom,  below  anything  that  we  have  seen  in  the  last 
two  decades  and  much  below  the  cost  of  production. 

Our  industry  has  been  developed  to  such  a  point  that 
if  it  is  operated  at  60-per  cent  efficiency  it  will  satisfy 
all  the  needs  of  our  Country.  If  it  is  to  be  operated  at 
100-per  cent  efficiency  we  must  find  a  foreign  market 
for  in  pet  cent  of  our  products.  Agriculture  also  has 
been  efficiently  organized  and  developed.  We  do  not 
80  per  cent  of  the  efficiency  that  the  agricul- 
tural production  in  this  Country  has  attained  to  feed 
our  Nation.  If  it  is  to  operate  10(1  per  cent.,  we  must 
find  export   for  over  20  per  cent  of  our  products. 

from  1910  to  1920  the  farm-mortgage  indebtedness 
of  (he  United  States  increased  137  per  cent.  The  farm 
values,  including  both  land  and  improvement,  increased 
only  117  per  cent.  The  mortgage  indebtedness  of  the 
United  States  in  the  last  L0  year-  increased  much 
faster  than  the  wealth  and  the  population.  In  other 
words,  we  were  mortgaging  the  future.  Much  of  the 
increases  in  value  during  1916  and  the  four  following 
year-  were  fictitious,  not  being  based  upon  income. 

AGRICULTURAL  AND  FINANCIAL  SITUATION   IMPROVING 

The  agricultural  situation  today  is  not  so  bad;,  it  is 
rather  hopeful  and  much  better  than  it  was  last  year 
01  the  year  before.  We  are  past  the  worst.  The  worst 
period  we  have  left  is  that  between  this  and  harvest 
time.      We  need  cooperation  and   coordination  of  effort 
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through  until  we  get  a  crop.  Then  we  will  be  on  the 
uptrend  and  will  have  seen  the  worst. 

As  to  how  long  it  will  take  to  readjust,  bring  the 
crops  back  again  in  regard  to  all  things,  I  think  it  will 
take  at  least  20  years,  but  we  will  learn  to  adjust  our- 
selves to  these  conditions  and  the  worst  will  be  over. 
Industry  will  be  operated  not  on  a  100-per  cent  basis 
but  will  start  after  a  while  on  a  20,  30,  40  and  50-per 
cent  basis,  and  so  on,  and  if  we  can  find  more  markets 
we  can  extend  our  operations. 

The  financial  situation  is  improving  wonderfully.  It 
began  to  improve  in  the  East.  Reserves  are  getting 
into  good  shape.  There  has  been  good  liquidation.  We 
have  laid  a  solid  foundation  so  far  as  financing  is 
concerned.  It  is  the  best  that  we  have  had  in  many 
years,  and  is  getting  better  every  month.  There  is  a 
good  demand  for  mortgages,  which  will  help  to  stabil- 
ize the  agricultural  situation. 

It  was  absolutely  wrong  for  the  Government  to  en- 
courage the  counties,  the  States  and  all  public  sub- 
divisions to  build  courthouses,  schoolhouses  and  the  like 
at  the  time  the  war  ended,  when  we  needed  capital  and 
material  and  did  not  have  labor  enough  to  go  around. 
Many  people  said  at  the  time,  "For  heaven's  sake, 
when  we  cannot  find  enough  labor  for  essential  indus- 
try, let  us  not  inject  this  political  and  public  work;  let 
us  save  it  so  that  if  hard  times  come  later  on,  we  will 
have  it."  We  have  created  billions  of  dollars  of  tax- 
free  securities  and  spent  the  money  lavishly  and  fool- 
ishly. Now  is  the  time  to  stop  and  safeguard  what 
capital  we  have  left  for  industry. 

The  automotive  industry  is  one  of  the  largest  indus- 
tries in  this  Country  and  one  of  the  largest  in  the 
world,  but  I  believe  that  it  was  overdone. 

FREIGHT  RATES  AND  COAL  PRICES 

What  are  the  two  main  things  that  stand  in  the 
way  of  immediate  resumption  of  business?  They  are 
railroad  freight-rates  and  the  price  of  coal.  We  have 
always  thought  very  highly  of  our  wheat  crop  in  Min- 
nesota; when  people  of  the  East  think  of  Minnesota, 
they  think  of  the  wheat  crop.  It  is  important,  of 
course,  but  it  is  not  one  of  our  greatest  crops.  Last 
year  we  sold  about  $170,000,000  worth  of  butter.  Our 
wheat  crop  amounted  to  about  $30,000,000.  This  season 
we  bought  $30,000,000  worth  of  coal  in  Minnesota. 
With  the  present  price  of  coal  we  have  to  trade  off  our 
magnificent  wheat  crop  in  this  State  to  have  fuel  for 
1  year.  Necessity,  the  mother  of  invention,  drives  peo- 
ple to  many  things.  It  will  drive  us  to  using  lignite 
coal  mined  in  North  Dakota  and  Montana.  Processes 
are  already  under  way  that  will  prepare  that  coal  for 
producing  iron  ore  and  for  every  other  useful  thing 
that  requires  grate  fuel.  It  will  not  be  long  until  we 
can  declare  our  independence  of  Pennsylvania  and 
West  Virginia. 

Our  railroad  division  points  were  laid  out  on  the 
basis  of  a  10-hr.  day.  A  train  would  run  so  far  in  10 
hr.  Then  there  came  the  8-hr.  day  on  the  railroads. 
This  necessitated  extra  crews,  time  and  overtime, 
time-and-a-half,  and  pay-and-a-half  for  time-and-a- 
half.  Unless  the  freight  rates  are  readjusted,  the 
whole  industrial  map  of  the  United  States  will  be 
changed.  Large  areas  of  territory  will  be  depopulated. 
There  are  manufacturers  in  New  England  who  cannot 
afford  to  stay  there  any  longer  because  they  have  to 
ship  their  products  into  the  interior  of  the  Country. 
The  food  supply  comes  from  the  interior,  and  it  costs 
so  much  to  send  it  to  these  people  that  they  cannot 
afford  to  pay  wages  high  enough  to  continue  in  busi- 
ness, maintaining  the  high  standard  of  living  that  their 
employes  are  entitled  to  as  American  citizens.  It  will 
be  better  and  cheaper  for  us,  if  necessary,  to  subsidize 
the  railroads,  and  make  them  go  back  again  to  their 
freight  charges  of  1912,  1913  and  1914. 


J.  L.  Record,  chairman  of  the  board  of  directors  of  the 
Minneapolis  Steel  and  Machinery  Co.,  gave  a  comprehen- 
sive analysis  of  general  business  conditions,  saying  in 
part: 

While  the  agricultural  situation  in  the  corn-produc- 
ing States  is  exceptionally  bad,  there  are  other  locali- 
ties where  it  is  exceptionally  good.  In  California  they 
have  never  experienced  such  prosperity  as  now.  In  the 
vineyard  sections  they  have  produced  wonderful  crops 
and  sold  them  at  prices  never  heard  of  before. 

RECOVERY  IN  WHEAT-PRODUCING  TERRITORY 

In  some  of  the  cotton-producing  territory  where 
crops  were  fairly  good  and  harvested  early  and  prices 
were  fair,  there  is  a  substantial  start  toward  recovery. 
The  wheat-growing  sections  of  the  Middle  West,  while 
subjected  to  a  decrease  in  the  price  of  their  products, 
have  not  suffered  much  from  the  decline  in  the  value 
of  the  farms  because  there  has  been  there  little  infla- 
tion of  values.  One  crop  in  that  territory  with  a  good 
fair  price  will  see  it  well  on  its  way  to  recovery.  I  be- 
lieve we  shall  have  satisfactory  business  from  this  ter- 
ritory very  much  sooner  than  from  the  corn-producing 
sections. 

Reliable  information  comes  to  us  from  the  East 
indicating  that  the  situation  there  is  improving  stead- 
ily; because  of  its  diversified  farming  this  territory  did 
not  suffer  to  the  same  extent  as  the  West,  and  satis- 
factory conditions  will  prevail  soon.  This  advice  comes 
direct  from  the  tractor  and  implement  dealers.  Trade 
is  fairly  satisfactory  in  the  East  now. 

Taking  the  agricultural  situation  over  the  Country 
as  a  whole,  there  is  nothing  about  which  the  farmer  or 
the  community  should  be  greatly  discouraged.  That 
recovery  will  take  some  little  time  there  is  no  question, 
but  that  there  will  be  recovery,  and  much  more  quickly 
than  most  of  us  think,  there  is  not  the  slightest  doubt 
in  my  mind.  There  is  no  class  that  can  buckle  down 
and  work  harder  than  the  farmers.  No  industry  that 
I  have  ever  been  connected  with  has  the  recuperative 
powers  of  agriculture.  When  it  comes  to  getting  back 
to  normal,  whatever  that  word  may  mean,  I  believe  the 
agriculturist  will  be  very  nearly  at  the  head  of  the 
procession,  if  not  at  the  head. 

We  are  not  suffering  so  much  from  a  depression  in 
agriculture  as  from  the  result  of  too  much  prosperity 
during  the  war  period.  The  agricultural  industry  it- 
self is  all  right.  Some  of  those  engaged  in  it  are  hurt 
but  they  will  recover,  or  others  will  take  their  place. 
It  is  the  same  in  manufacturing;  somebody  else  will 
build  tractors  if  we  do  not.  I  have  never  seen  any 
satisfactory  general  business  condition  or  situation  ex- 
cept when  the  railroads  were  prosperous  and  in  the 
market  for  their  normal  supplies. 

THE  ARGENTINE  AND  OTHER  COMPETITORS 

In  the  Argentine,  which  is  our  principal  competitor 
in  grain  production,  the  average  rail-haul  from  all  of 
the  grain-producing  sections  to  the  ocean  is  less  than 
200  miles.  The  same  thing  is  true  of  Uruguay  and  of 
Southern  Brazil.  A  glance  at  the  map  of  South  Africa 
indicates  that  the  haul  is  no  greater  there.  The  grain 
produced  in  the  Upper  Mississippi  Valley,  in  Iowa, 
Minnesota,  the  Dakotas  and  parts  of  other  States,  must 
be  carried  to  our  Great  Lakes  ports,  a  distance  that 
averages  from  300  to  500  miles;  and  from  the  Lake 
ports  it  is  1500  miles  to  tidewater.  We  have  main- 
tained our  place  in  the  markets  of  the  world,  but  the 
changed  and  changing  conditions  of  transportation  and 
handling  will  make  it  more  and  more  difficult  for  us  to 
compete   if  the   present   transportation   rates  continue. 

In   the   prewar  period   our  freight  rates  were   very 
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STATING    that    present    interna]  combustion   engine 
fuel  is  too  low  in  volatility  for  economical  use  and 
that  this  is  the  ca  ingine-maintenance  troubles, 

the  authors  believe  that,  since  it  is  not  possible  to  ob- 
tain the  more  volatile  grades  in  sufficient  quantity,  the 
only  hope  of  remedying  this  condition  is  to  learn  how- 
to  use  the  heavy  fuel,  and  that  the  most  promising 
method  of  doing  this  lies  in  the  effective  us,'  of  heat. 
\  thi  experimental  data  regarding  the  host  tem- 
perature at  which  to  maintain  the  metal  in  a  hot 
manifold  and  the  range  of  temperatures  available  in 
the  exhaust  gases,  are  meager,  the  authors  experi- 
mented in  the  Purdue  University  laboratory  to  secure 
additional  data.  They  present  a  summary  of  the  re- 
sults. They  feel  that  the  exhaust-gas  temperatures 
are  high  enough  so  that  properly  designed  manifolds, 
together  with  thermostatically  controlled  carbur 
temperatures,  should  make  possible  the  satisfactory 
carburetion  of  fuels  considerably  heavier  than  the 
present  "power"  gasoline,  without  seriously  limiting 
the  power,  efficiency  or  flexibility  of  passenger-car  en- 
gines or  causing  any  engine-maintenance  troubles. 

THE  present  fuel  situation  is  one  calling  for  serious 
thought.  Internal-combustion-engine  fuel  is  so 
low  in  volatility  that  it  is  not  being  utilized  eco- 
nomically. A  large  number  of  maintenance  difficulties 
can  be  attributed  to  the  low  volatility  of  the  fuel.  The 
petroleum  reserves  cannot  be  increased  and,  even  grant- 
ing a  liberal  use  of  substitute  fuels,  we  can  scarcely  ex- 
pect the  time  to  arrive  when  the  refiner  will  be  willing 
to  return  to  a  fuel  of  higher  volatility.  Therefore,  our 
only  hope  of  progress  is  to  learn  how  to  use  the  heavy 
fuel.  A  first-class  solution  of  this  problem  might  go  so 
far  as  to  make  possible  the  use  of  still  more  of  the  heavy 
ends,  enable  us  to  get  more  out  of  each  gallon  of  fuel  and 
decrease  the  operating  difficulties,  thus  constituting  a 
real  step  in  progress. 

A  considerable  portion  of  our  present  grade  of  engine 
fuel  passes  through  the  intake-manifolds  of  automobile 
engines  in  liquid  form.  It  is  difficult  to  design  a  mani- 
fold that  will  distribute  uniformly  to  all  of  the  cylinders 
this  liquid  portion  of  the  mixture  furnished  by  the  car- 
bureter. No  matter  what  condition  the  fuel  is  in  when 
it  reaches  the  cylinder,  it  must  be  vaporized  before  it  can 
be  burned.  The  most  effective  way  yet  found  of  improv- 
ing distribution  and  combustion  is  to  apply  heat  in  some 
form  or  other.  This  makes  it  valuable  to  know  how  much 
heat  to  introduce  and  how  to  introduce  it  to  get  the  best 
results. 

One  of  the  commonly  used  methods  of  heating  the  mix- 
ture is  to  have  portions  of  the  metal  in  the  intake-mani- 
fold heated  by  the  exhaust  gases.  The  liquid  fuel  in  the 
manifold  tends  to  flow  along  the  walls;  therefore,  it  will 

■MS  A  K — Chief  engineer.  Wheeler-Schebler  Carburetor  Co..  In- 
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come  in  contact  with  these  hot  portions  and  be  flashed 
into  a  vapor.  A  considerable  portion  of  the  liquid  is 
thrown  out  of  the  mixture  at  the  carbureter  throttle- 
valve  and  onto  the  walls  immediately  above  the  throttle. 
This  liquid  tends  to  cling  to  the  walls.  At  very  low  air 
velocities,  as  when  the  engine  is  idling  very  slowly,  it  will 
often  collect  in  a  puddle  immediately  above  the  throttle, 
especially  when  the  manifold  has  a  long  vertical  section 
at  that  point.  At  higher  air-velocities  this  liquid  will 
risi'  through  the  vertical  section  of  the  manifold  and  col- 
lect at  the  bottom  of  the  horizontal  sections.  The  mani- 
fold is  swept  clean  continuously  of  these  liquid-fuel  pud- 
dles only  at  comparatively  high  air-velocities.  Still  other 
portions  of  the  liquid  fuel  tend  to  collect  wherever  the 
direction  of  the  flow  changes,  or  wherever  there  are  eddy 
currents  due  to  any  other  cause.  Therefore,  the  ideai 
condition  for  drying  the  mixture  would  be  to  have  the 
metal  heated  at  these  points,  especially  on  the  outside 
walls  at  the  bends  and  at  the  vertical  section  just  above 
the  throttle.  These  heated  portions  of  the  intake-mani- 
fold are  called  "hot-spots." 

,  It  is  claimed  for  this  hot-spot  method  that  it  produces 
a  mixture  sufficiently  dry  without  heating  it  as  much  as 
is  necessary  in  the  "heated-air"  method.  The  ideal  hot- 
spot  manifold  would  accordingly  be  one  that  produced  a 
mixture  dry  enough  to  distribute  evenly  and  burn  well 
in  the  cylinders,  with  the  least  possible  heating  of  the 
mixture  itself.  Some  hot-spot  arrangements  allow  the 
whole  mixture  to  come  into  contact  with  the  hot  metal, 
and  consequently  operate  by  heating  the  whole  mixture. 
Others  are  arranged  to  keep  the  gases  away  from  the 
hot  metal  as  much  as  possible,  while  the  liquid  portions 
of  the  fuel  are  brought  into  contact  with  it  and  are  va- 
porized. Such  manifolds  operate  principally  by  heating 
the  fuel  itself  after  it  has  been  metered. 

The  Society  of  Automotive  Engineers  appointed  a  spe- 
cial committee  in  1919  to  study  the  problems  involved  in 
the  use  of  present  internal-combustion-engine  fuels. 
H.  L.  Horning  served  as  chairman  of  this  committee,  and 
a  careful  study  was  made  of  the  whole  situation  under 
his  direction.  The  committee  felt  that  the  hot-spot  mani- 
fold offered  the  most  promising  means  of  alleviating  the 
difficulties  encountered  in  carbureting  the  present  engine 
fuels.  Therefore,  it  made  an  exhaustive  report  on  the 
present  state  of  the  art  of  designing  hot-spot  manifolds. 
This  was  presented  to  the  Society  and  published  in  The 
Journal.* 

In  this  report,  however,  as  in  the  other  literature  on 
the  subject,  there  is  a  lack  of  experimental  data  showing 
the  optimum  temperature  at  which  to  maintain  the  metal 
in  the  hot-spot,  and  the  range  of  temperatures  available 
in  the  exhaust  gases  of  an  engine  under  different  run- 
ning conditions.  This  information  is  fundamental  in 
designing  and  perfecting  any  particular  hot-spot  mani- 
fold.    Tests   have   therefore    been   carried    out    in    the 
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tion.  These  tests  were  divided  into  two  groups.  The 
first  deals  with  the  optimum  temperatures  in  the  metal 
in  the  hot-spot;  the  second,  with  temperatures  available 
in  the  exhaust  gases,  together  with  the  factors  influenc- 
ing these  temperatures.  A  complete  report  of  these  tests 
is  contained  in  a  bulletin  published  by  the  Purdue 
Engineering  Experiment  Station,  entitled  The  Hot-Spot 
and  Factors  Affecting  the  Exhaust-Gas  Temperatures. 
The  present  paper  is  presented  through  the  courtesy  of 
the  Purdue  Engineering  Experiment  Station  and  gives 
the  general  conclusions  of  the  bulletin  in  an  abbreviated 
form. 

Hot-Plate  Tests 

Before  a  hot-spot  manifold  is  designed  for  any  fuel, 
it  is  well  to  determine  the  following  three  points: 

(1)  The  rate  of  vaporization  per  unit  of  area  for  dif- 
ferent temperatures 

(2)  The    best    temperature    of    the    hot-spot    for    the 
vaporization  of  the  fuel 

(3)  The  cracking  point  of  the  fuel  and  the  deposition 
of  solid  matter 

This  information  will  provide  a  foundation  on  which 
practical  designs  can  be  based  for  any  hydrocarbon  fuel. 

Fig.  1  gives  a  general  view  of  the  apparatus  used  in 
the  tests  mentioned.  An  iron  plate  %  in.  thick,  4  in. 
wide  and  8  in.  long  was  placed  over  an  electrical  heating 
element  and  packed  in  a  box  filled  with  asbestos,  at  A  in 
Fig.  1.  A  well  B,  1.015  in.  in  diameter  and  0.128  in. 
deep,  was  located  at  the  top  center  of  the  plate.  Two 
thermometer  wells  were  drilled  on  each  side  of  the  plate, 
one  of  each  pair  being  as  close  as  possible  to  the  vapor- 
izing well  and  the  others  farther  away  to  give  the  plate 
temperature  at  a  point  where  there  was  little  or  no  flow 
of  heat.  The  heat  was  regulated  by  a  salt-water  rheostat, 
C,  in  series  with  the  heating  coil,  ammeter  and  switch. 
The  vaporized  fuel  was  carried,  away   through   a   hood 
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Fig.   1 — General   View  of  the  Apparatus  Used  in*   Making 
the  Tests 


over  the  plate  connecting  with  an  8-in.  vertical  pipe. 
The  gasoline  was  weighed  on  a  small  chemist's  balance, 
the  fuel  being  siphoned  from  a  beaker  on  the  scale 
through  a  small  copper  tube  to  a  point  V2  in.  above  the 
top  of  the  well.  This  prevented  any  portion  from  touch- 
ing the  liquid  or  interfering  with  the  vaporization.  The 
flow  of  fuel  was  regulated  by  a  needle-valve,  placed  in 
the  line  just  outside  of  the  hood.  The  temperatures  were 
measured  by  950  deg.  fahr.  nitrogen-filled  mercurial 
thermometers,  accurate  to  within  5  deg.  at  the  extreme 
conditions.  The  time  of  each  test  was  taken  with  a 
manually  operated  stop-watch. 

A  portion  of  the  fuel  was  thrown  out  over  the  edge 
when  the  first  well,  which  was  shallow,  was  used;  conse- 
quently, too  high  a  rate  of  vaporization  per  unit  area 
was  indicated.  Therefore,  in  the  later  tests  the  vapor- 
izing well  was  made  deeper  by  welding  additional  metal 
around  the  top.  When  machined,  this  gave  a  well  of 
1.051-in.  diameter  and  0.610-in.  depth.  In  this  well  too 
low  a  rate  of  vaporization  was  indicated.  The  reason 
for  this  is  that  the  iron  forming  the  upper  part  of  the 
well  was  considerably  farther  away  from  the  heating 
element  than  the  thermometers  and  was  consequently 
considerably  below  them  in  temperature.  This  resulted 
in  a  decreased  vaporization  from  these  upper  portions. 
The  entire  wetted  area  was  measured  as  the  vaporizing 
surface;  so  the  average  rate  of  vaporization  was  lower 
than  it  would  have  been  had  the  entire  surface  been  at 
the  temperature  indicated  by  the  thei-mometers.  Since 
the  results  obtained  from  the  first  well  tended  to  be  too 
high,  and  those  from  the  deeper  well  too  low,  an  average 
between  the  two  will  represent  nearly  the  real  truth.  In 
plotting  the  curves  and  reporting  the  results  of  these 
tests,  the  average  figures  are  used. 

The  apparatus  is  liable  to  a  few  errors  that  can  be 
eliminated  by  calibration.  They  are  errors  due  to  siphon- 
ing and  the  evaporation  from  the  surface  of  the  fuel  in 
the  beaker.  The  siphoning  error  is  small  and  equal  to 
the  weight  of  gasoline  displaced  by  the  fuel-pipe  between 
the  initial  and  final  levels  of  the  fuel  in  the  beaker,  the 
pipe  being  considered  as  a  solid.  The  error  is  0.88  per 
cent  for  the  individual  beaker  and  pipe,  and  was  cor- 
rected in  the  computation  of  the  tests.  The  largest 
error  is  the  evaporation  from  the  surface  of  the  fuel  in 
the  beaker.  This  is  especially  large  for  the  lighter 
gasolines.  This  evaporation  will  vary  according  to  the 
saturation  of  the  air  in  the  scale  box.  The  temperature 
of  the  air  above  the  beaker  was  recorded  for  each  series 
of  tests  and  from  calibration  tests  this  error  was  cor- 
rected with  a  considerable  degree  of  accuracy. 

Fuels  Tested 

One  kerosene  and  three  gasoline  samples  were  tested. 
The  specific  gravity  and  distillation  data  are  shown  in 
Table  1.  These  fuels  were  obtained  directly  from  a 
refinery  through  the  courtesy  of  one  of  the  leading  manu- 
facturers of  petroleum  fuels. 

The  distillation  curve  of  a  fuel  is  very  valuable  because 
the  temperatures  at  which  the  fractions  distill  are  the 
criteria  by  which  comparisons  of  different  fuels  for 
volatility  should  be  made.  The  specific  gravity  is  a  very 
uncertain  indication  of  quality,  because  several  combina- 
tions of  petroleum  fractions  may  have  the  same  specific 
gravity  and  yet  be  wholly  different  fuels.  The  end- 
points  and  boiling  temperatures  of  the  fractions  deter- 
mine the  character  of  the  fuel  more  than  the  specific 
gravity. 

The  results  of  the  tests  are  shown  in  Fig.  2,  which 
gives  the  curve  for  each  of  the  fuels  tested.     In  these 
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curves  the  temperature  is  plotted  horizontally  in  Fahren- 
heit degrees;  vertically  the  time  in  minutes  required  to 
vaporize  0.01  lb.  of  fuel  per  sq.  in.  of  hot   surface   is 

shown.  The  temperatures  are  in  all  eases  those  indi- 
I  by  the  thermometers  nearest  to  the  hot-spot  in  the 
hot  plate.  They  represent  70.0-deg.  high-tesl  gasoline. 
64.2-deg.  domestic  aviation  gasoline,  •"><>. 5-deg.  commer- 
cial power  gasoline  and  41.5-deg.  kerosene,  as  shown 
the  Baume  scale.  The  curves  are  similar  in  general 
characteristics,  the  difference  being  thai  increasingly 
high  temperatures  are  necessary  to  vaporize  the 
volatile  fuels. 

It  was  necessary  to  hold  the  temperature  constant  and 
continue  the  evaporation  for  a  considerable  length  of 
time  before  each  test  was  started.  When  the  fresh  gaso- 
line was  first  introduced  into  the  hot  well,  its  rate  of 
vaporization  was  rather  high,  the  more  volatile  portions 
evaporating  and  leaving  the  heavier  parts  as  a  com- 
paratively inert  mass  in  the  hot  well.  After  a  time, 
however,  a  state  of  equilibrium  would  be  reached,  when 
the  fumes  leaving  the  hot  well  would  contain  the  same 
percentages  of  the  lighter  and  heavier  tractions  as  the 
original  gasoline,  and  the  proper  rates  of  vaporization 
would  be  reported. 

The    fuel    showed    evidences    of   cracking    during    the 
period  of  rapid  boiling,  and  a   deposit  of  solid  matter 
was  left  on  the  edges  of  the  well.    The  two  lighter  g; 
lines,  70.0  and  64.2  deg.  Baume,  left  a  deposit  that  re- 
sembled   paraffin,    while    the    deposit    from    the   heavier 
gasoline  and  the  kerosene  had  more  the  appearance  of 
tar  or  carbon.    When  the  liquid  film  was  allowed  to  jeep 
over  the  edge  of  the  well  these  deposits  were  dissol 
and  carried  out  with  the  vapor.  This  vapor  afterward  re- 
deposited  some  of  the  solid  matter  in  the  hood  behind  the 
well.    When  the  spheroidal  state  was  reached,  the  depi 
tion  of  solid  matter  ceased  entirely.     This   is   very   im- 
portant   to   the  designer  of  a   hot-spol    manifold.     The 
temperatures  that  cause  a  deposition  of  solid  matter  are 
rather   limited    in    extent   and   are   entirely    below    tl 
that  will  throw  the  fuel  into  the  spheroidal  state.     The 
very  high  temperatures  are  not  the  ones  that  cause  the 
clogging  of  the  manifold. 

The  appearance  of  the  vapor  under  different  conditions 
was  interesting.  When  the  liquid  was  boiling  from  a 
wetted  surface  the  vapor  was  very  wet  and  condensed 
easily.  In  fact,  its  appearance  as  it  was  carried  to  the 
rear  of  the  hood  was  that  of  a  dense  fog.  In  the 
spheroidal  state,  the  vapor  was  dry  and  almost  invisible; 
so  that,  even  after  it  had  traveled  a  few  feet  in  a  cool 
pipe,  no  appreciable  condensation  was  noticed. 


hot-spol  drops  Off  very  rapidly  at  the  lower  end  of  the 
temperature  range.  A  similar  curve  for  the  fuel  to  be 
used  will  show  the  lowest  temperature  thai  it  will  pay 
to  use  with  thai  fuel.  It  Is  nol  wise  to  attempl  to  make 
use  of  the  highesl  rate  of  vaporization  for  two  rea- 
sons. The  temperature  range  is  tOO  narrow  anil  this  is 
where    cracking    and    deposition    of    solid     matter    takes 

place,     it  is  better  to  use  the  higher  temperatures  that 

produce  the  spheroidal  state.  Alter  the  spheroidal  state 
is  once  reached,  an  increase  in  temperature  does  not 
make  an>  very  great  change  in  the  rati'  of  vaporization. 
The  metal  in  the  hot  plate  was  often  red-hot  during  these 
,  bul  at  no  time  were  the  fumes  from  the  hot-spot 
ignited  by  the  plate  when  the  latter  was  below  1425  deg. 
fahr.  This  makes  it  practicable  to  use  a  very  wide  range 
of  temperatures  in  the  metal  of  a  hot-spot,  and  elimi- 
nates the  necessity  of  using  a  thermostat. 

Exhausi  <i\s  Tkmpkrature  Tests 

The  second  group  of  tests  was  intended  to  determine 
the  exhaust-gas  temperature  of  an  automobile  engine 
under  different  running  conditions.  Some  very  careful 
work  had  been  done  previously  by  several  investigators 
to  determine  these  temperatures  under  specific  running 
conditions,  but  little  attention  had  been  given  to  the 
factors  influencing  them.  The  more  important  of  these 
factors  are  as  follows  I 
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Fig.  3 — The  Six-Cylinder  Engine  Used  in  Making   the   Tests   Was    Mounted   on   a   Test-Block   and 

Connected  to  an  Electric  Dynamometer 


(1)  Temperature  of  the  cooling  water 

(2)  Temperature  of  the  inlet  air 

(3)  Timing  of  the  spark 

(4)  Richness  of  the  fuel  mixture 

(5)  Speed  of  the  engine 

(6)  Load  carried  by  the  engine 

Therefore,  tests  were  carried  out  to  determine  the 
effect  of  each  of  these  factors  on  the  temperature  of  the 
exhaust  gases.  The  apparatus  used  was  an  Oakland- 
Northway  six-cylinder  engine  having  a  2  13/16-in.  bore 
and  a  4?4-in.  stroke,  mounted  on  the  test-block  and  con- 
nected to  a  Diehl  electric  dynamometer  as  shown  in  Fig. 
3.  Two  manifolds  were  used,  designated  as  manifolds 
A  and  B.  Manifold  A  had  the  early  conventional  type 
of  hot-spot  formed  by  passing  a  very  small  portion  of 
the  exhaust  gases  around  the  exterior  of  the  three 
headers  of  the  intake-manifold.  Manifold  B  had  the 
intake  cast  on  top  of  the  exhaust  and  enough  contact  be- 
tween the  two  headers  to  cause  considerable  flow  of  heat. 
These  were  interchanged  for  some  of  the  tests.  The  air 
was  measured  by  an  Emco  No.  4  diaphragm  meter  read- 
ing to  cubic  feet,  the  dial  being  arranged  so  that  an 
accurate  estimation  to  tenths  was  possible.  The  gaso- 
line was  siphoned  from  a  2-liter  beaker  on  a  large  chem- 
ists's  balance.  The  speed  was  measured  by  a  tachometer 
on  the  dynamometer  and  verified  by  the  stop-watch  and 
revolution-counter  readings.     The  watch,  the  revolution 
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counter  and  the  air  meter  were  electrically  controlled 
by  the  scales,  to  start  and  stop  the  measurement  of  these 
quantities  at  the  same  instant.  The  air  was  heated  to 
any  temperature  desired  by  a  gas-heater  that  could  be 
regulated  by  controlling  the  gas-burners.  All  tempera- 
tures, such  as  those  of  the  inlet  air,  and  the  cooling 
water,  and  all  the  hygrometer  readings,  were  measured 
with  mercurial  thermometers;  the  exhaust-gas  tempera- 
tures were  measured  with  iron-constantin  thermocouples, 
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Pig.   4 — The  Effect  op  the  Temperature  of  the  Cooling  Water 


Fig.  5 — Curve  Showing  the  Effect  of  Changing  the  Temperature 
of  the  Air  Entering  the  Carbureter 

and  these  were  calibrated  carefully.  These  thermo- 
couples were  placed  near  the  outlet  end  of  the  exhaust 
manifold.  The  manifold  was  drilled  and  the  couples  al- 
lowed to  extend  a  little  more  than  half-way  through 
the  passageway.  The  couples  were  not  covered,  thus  al- 
lowing the  gases  to  come  directly  in  contact  with  them, 
and  the  point  where  they  entered  the  manifold  was 
packed  with  asbestos,  to  prevent  them  from  being  cooled 
by  the  manifold  walls.  The  temperatures  reported, 
therefore,  represent  the  actual  temperature  of  the  gases 
at  the  point  where  they  would  be  most  likely  to  be  used 
in  producing  a  hot-spot. 

The  tests  to  show  the  effects  on  the  exhaust  tempera- 
ture of  the  temperature  of  the  cooling  water  and  of  the 
inlet  air,  the  timing  of  the  ignition  and  the  richness  of 
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gine  speed  of  1000  r.p.m.,  holding  all  of  the  running 
conditions  constant  except  the  one  to  be  tested.  The 
engine  was  allowed  to  run  under  test  conditions  for  a 
considerable  length  of  time  until  all  of  the  temperat  u 
had  come  to  an  equilibrium  before  each  test  was  started. 
The  temperature  of  the  cooling  water  was  varied  be- 
tween 70  and  212  deg.  fahr.,  the  tests  being  run  at  one- 
half  load,  at  1000  r.p.m.  The  results  are  represented 
graphically  bj  the  curve  in  Fig.  4.  Contrary  to  what 
might  be  expected,  the  effect  is  shown  to  be  rather  small. 
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and  heating  the  engine  produces  a  slightly  lower  exhaust- 
gas  temperature. 

Two  series  of  tests  at  one-half  load,  at  1000  r.p.m., 
were  run  to  determine  the  effect  of  changing  the  inlet- 
air  temperature,  this  being  varied  between  59  and  335 
deg.  fahr.  The  results  are  shown  in  Fig.  5.  The  peculiar 
shape  of  the  curve  can  possibly  be  explained  by  saying 
that  the  59-deg.  air  probably  did  not  enable  the  engine 
to  burn  all  of  the  fuel.  As  the  temperature  increased  to 
about  80  deg.  fahr.,  the  combustion  became  complete 
and,  since  it  was  so  very  slow,  the  loss  of  temperature 
due  to  radiation  and  work  were  at  a  minimum  and  the 
exhaust-gas  temperatures  were  at  a  maximum.  During 
the  period  between  80  and  160  deg.  fahr.  the  vaporization 
of  the  fuel  improved  very  rapidly,  the  combustion  became 
more  and  more  rapid  until  it  was  complete  at  the  begin- 
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ning  of  the  working  stroke,  the  loss  of  temperature  due 
to  radiation  and  useful  work  reached  a  maximum,  and 
the  heat  left  in  the  gases  at  the  time  they  were  exhausted 
from  the  cylinder  decreased  rapidly.  The  decrease  in 
the  exhaust  temperature  above  an  inlet  temperature  of 
160  deg.  fahr.  was  not  so  pronounced,  since  an  increase 
in  the  rate  of  combustion  beyond  the  point  where  it  was 
complete  before  the  beginning  of  the  working  stroke 
could  not  have  very  much  effect. 

The  effect  of  changing  the  spark-timing  was  studied 
with  the  engine  running  at  one-half  load,  at  1000  r.p.m. 
The  tests  showed  that  advancing  the  spark  reduced  the 
exhaust  temperature,  but  that  the  effect  is  not  large. 
Fig.  6  shows  the  results  graphically. 

The  effect  of  changing  the  fuel-air  ratio  was  checked 
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by  running  three  series  of  tests  at  one-half  load,  at  1000 
r.p.m.  Two  series  were  run  with  manifold  A  and  a  third 
series  with  manifold  B.  The  tests  on  manifold  A  checked 
very  well,  the  results  being  shown  in  Fig.  7. 

In  determining  the  effect  of  changing  the  speed,  tests 
were  run  at  speeds  varying  from  300  to  2000  r.p.m.  and 
at  light,  one-half  and  full  load,  using  manifold  B.  Figs. 
8  and  9  show  results  that  are  characteristic  of  these 
tests. 

The  speed  tests  also  show  the  effect  of  changing  the 
load,  as  is  indicated  by  Fig.  10.  The  maximum  differ- 
ence in  exhaust  temperatures  between  no  load  and  full 
load  is  270  deg.  fahr.,  which  occurs  at  the  lowest  speed 
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creased,  this  difference  decreased  until,  at  2000  r.p.m., 
it  was  only  110  deg.  fahr. 

The  maximum  exhaust  temperature  obtained  at  2000 
r.p.m.  was  1460  deg.  fahr.,  under  full  load,  with  a  31-deg. 
spark  advance,  a  mixture  temperature  of  220  deg.  fahr. 
and  a  mixture  ratio  of  0.08  lb.  of  gasoline  per  lb.  of  dry 
air.  A  special  test  was  made  at  300  r.p.m.  with  all  of 
the  conditions  adjusted  to  produce  the  lowest  possible 
temperature.  It  was  possible  to  get  down  to  300  deg. 
fahr.  under  these  conditions.  It  is  obvious  that  the 
main  factor  in  determining  the  exhaust  temperatures  is 
the  speed  at  which  the  engine  is  running. 

Discussion  of  Results 

The  tests  show  that  the  temperature  of  the  exhaust 
gases  from  an  engine  vary  through  a  wide  range,  accord- 
ing to  the  conditions  under  which  the  engine  is  running. 
They  seldom  get  below  300  deg.  fahr.,  even  when  the 
engine  is  idling  at  a  very  low  speed,  and  do  not  often 
reach  1500  deg.  fahr.,  even  at  full  load  and  maximum 
speed.  The  lower  end  of  this  range  is  too  low  to  be 
effective  in  vaporizing  many  of  the  fractions  of  petro- 
leum that  are  offered  to  the  public  as  fuel.  There  is 
little  choice  left  to  the  designer  or  operator  of  an  en- 
gine, however,  as  to  what  he  can  do  to  influence  the  ex- 
haust temperatures.  Nearly  all  of  the  factors  influencing 
the  engine  performance  must  be  adjusted  to  meet  other 
more  important  requirements. 

The  speed  and  load  of  the  engine  are  the  main  factors 
in  determining  the  exhaust-gas  temperatures,  but  they 
are  governed  usually  by  the  service.  To  prevent  getting 
below  any  specified  exhaust-temperature,  it  will  be  best 
to  operate  the  engine  under  conditions  that  will  result 


in  good  performance  and  maximum  power  and  efficiency, 
but  to  plan  to  stay  above  the  special  speeds  and  loads 
that  are  shown  to  be  necessary  in  producing  the  desired 
temperature.  The  speed  is  more  important  than  the 
load;  so  the  principal  requirement  will  be  to  stay  above 
some  specified  speed. 

An  effort  should  be  made  to  heat  the  fuel  without 
heating  the  air  in  the  manifold  itself.  There  are  two 
main  reasons  for  this.  The  fuel  can  thus  be  vaporized 
at  a  very  high  temperature  without  the  use  of  a  great 
amount  of  heat,  and  this  vaporization  can  be  accom- 
plished very  rapidly.  The  dry  fuel-vapor  can  then  be 
mixed  with  cool  air  and  drawn  into  the  cylinder  before 
it  has  time  to  condense  and  drop  out  of  the  mixture. 
The  final  mixture  can  thus  be  made  usably  dry  at  the 
lowest  possible  temperature.  When  the  air  is  allowed 
to  come  in  contact  with  the  hot-spot,  it  becomes  unneces- 
sarily heated  itself  and  tends  to  keep  the  metal  in  the 
hot-spot  at  too  low  a  temperature  to  be  most  effective  in 
vaporizing  the  fuel. 

After  completing  this  work,  we  feel  that  the  greatest 
cause  of  the  poor.carburetion  of  our  present  engine-fuel 
is  due  to  improper  manifold  design  and  that  a  great 
opportunity  for  progress  lies  in  the  improvement  of  the 
manifolding  of  engines.  The  advance  will  be  made 
through  learning  how  to  use  the  heat  in  the  exhaust 
gases  and  in  introducing  this  heat  into  the  intake  charge 
in  the  proper  amount  and  in  the  best  way. 

An  important  element  in  this  problem,  but  one  that 
lies  outside  of  the  scope  of  this  paper,  is  the  thermo- 
static control  of  carbureter  temperatures.  There  is 
enough  heat  in  the  exhaust  gases  and  the  temperatures 
are  high  enough  so  that  properly  designed  manifolds, 
together  with  thermostatically  controlled  carbureter 
temperatures,  should  make  possible  the  satisfactory 
carburetion  of  fuels  considerably  heavier  than  our  pres- 
ent "power"  gasoline,  without  seriously  limiting  the 
power,  efficiency  or  flexibility  of  passenger  cars  or  re- 
sulting in  any  of  the  difficulties  that  are  now  due  to  poor 
manifolding  systems.  By  a  small  increase  in  the  mini- 
mum engine  speed,  still  heavier  fuels  can  be  used.  A 
careful  study  of  how  to  use  the  exhaust  heat  best  should 
therefore  prove  a  great  benefit  to  the  whole  motoring 
public,  and  a  real  step  in  the  direction  of  progress.  The 
manufacturers  of  the  cars  that  are  already  built  should 
take  this  fact  seriously  and  provide  not  only  for  their 
future  models  but  also  produce  improved  manifolds  that 
can  be  installed  on  their  older  cars,  thus  improving  the 
quality  of  their  service  and  prolonging  their  years  of 
usefulness.  It  is  our  hope  that  the  information  we  have 
assembled  will  prove  of  assistance  to  those  in  the  indus- 
try who  are  striving  to  accomplish  these  results  that  are 
greatly  to  be  desired. 


THE  MIDDLE  WEST 


IT^ROM  an  agricultural  standpoint  the  Middle  West  produces 
an  abundance  far  beyond  its  own  consuming  power. 
With  but  little  more  than  50  per  cent  of  the  population  of  the 
United  States  and  not  more  than  5  per  cent  of  the  world's 
population,  this  region  produces  approximately  20  per  cent 
of  all  of  the  wheat  grown  throughout  the  entire  world  and 
60  per  cent  of  the  world's  corn  crop. 

In  addition  to  producing  these  two  essential  food  products, 
this  portion  of  the  United  States  is  an  important  source 
for  basic  materials  and  a  great  manufacturing  center.  Here 
is   produced  over  30  per  cent  of  the  world's  supply  of  bitu- 


42.0  per  cent  of  the  world's  cotton,  and  45.0  per  cent  of  the 
world's  oil.  So  far  as  transportation  facilities  are  concerned, 
this  region  stands  pre-eminent. 

At  least  44  per  cent  of  the  total  manufactures  of  the 
United  States  are  produced  in  this  region.  This,  however, 
is  but  a  fraction  of  its  potential  producing  ability. 

In  1920,  the  United  States  exported  $4,163,354,637  of 
partly  or  wholly  manufactured  products.  This  represented 
about  50  per  cent  of  the  Country's  total  exports  of  domestic 
products.  The  Middle  West  contributed  44  per  cent  of  this 
total,   or   $1,842,284,426.— W.    F.    Gephart   in    The   Economic 
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The   Relation   of    the   Tractor   to  the 

Farm    Implement 


By  <  ■    Douglas  Jones 


Miwi  irm.h  Thactoh  Mii  riNG   Papeb 


STATING  that  the  trend  of  tractor  development  must 
be  toward  the  small  tractor  that  is  capable  of 
handling  all  of  the  power  work  on  a  farm,  the  authoi 
quotes   farm   and  crop-acreage   statistics   ami   outlines 

reified  farming  requirements,  inclusive  of  row 
cultivation. 

Tractor  requirements  are  stated  to  t >•  ■  for  a  sturdy 

compact  design  to  meet  tin-  demands  of  the  diversified 

.    which    include    plowing,    seeding,    cultivating, 

hauling  and  belt -power  usage,  and  these  requirements 

commented  upon  in  general  terms.  Consideration 
is  given   to  farm  implements   in  connection   with   traitor 

Btion,  and  the  placing  of  cultivating  implements 
ahead  of  the  tractor  is  advocated. 

FA  KM  traitors  have  been  in  general  use  for  more 
than  a  decade,  but  the  industry  finds  itself  still 
in  the  development  stage.  Its  future  will  depend 
largely  upon  the  ability  of  the  tractor  manufacturer  to 
rfy  the  farmer  by  providing  both  a  power  unit  ami 
suitable  farm  implements  to  accompany  it  that  will  ac- 
complish his  farm  work  without  requiring  any  radical 
change  in  working  methods.  Therefore,  the  trend  of  de- 
velopment must  be  toward  the  small  tractor  that  is  calla- 
ble of  handling  all  of  the  power  work  on  a  farm,  because 
the  volume  of  sales  must  come  from  the  smaller  farms, 
which  are  in  the  majority  by  4  to  1.  These  farms  com- 
prise an  area  of  from  50  to  200  acres.  The  number  of 
farms  of  this  size  in  the  United  States  is  in  excess  of 
4,000,000,  while  farms  of  greater  acreage  number  slightly 
in  excess  of  1,000,000.  The  tendency  of  to-day  is  to 
redu  reage  of  the  larger  farms. 

The  average  size  of  farm  in  the  corn  belt  is  approxi- 
mately 100  acres.  The  same  is  true  in  the  South.  Even 
in  Texas  the  records  show  the  average  to  be  approxi- 
mately 125  acres.  In  the  East  farms  average  100  acres. 
Thus  the  large  acreage  practically  is  confined  to  the  in- 
land empire.  A  simple  method  of  illustrating  farm 
volume  is  by  the  use  of  a  pyramid.  Let  a  section  near 
the  apex  represent  the  large  individual  acreage  with  small 
tractor  volume;  let  a  section  near  the  middle  represent 
all  individual  acreage  above  200  and  below  1000  acn 
and  let  the  base  section  represent  the  farms  of  less  than 
200  acres.  This  base  section  represents  the  diversified 
crop  area. 

Diversified-Farming  Requirements 

A  farmer  raising  diversified  crops  must,  of  necessity. 
own  and  use  a  great  many  types  of  implement  to  carry  on 
his  farming  successfully.  A  typical  list  of  this  farmer's 
implement  requirements  includes  a  plow,  a  disc  harrow, 
a  Bpringtooth  harrow,  a  drag  harrow,  a  corn  planter,  a 
corn  cultivator,  a  corn  harvester,  a  wagon,  a  mower,  and, 
in  the  majority  of  instances,  a  grain  binder.  In  addi- 
tion, the  farmer  has  belt-driven  units,  which  range  from 
a  circular  saw  to  a  threshing  machine.  A  large  invest- 
ment is  represented  by  these  implements  that  are  neces- 


sary to  carry  on  his  work  successfully.  All  of  them  have 
been  horse-drawn  heretofore.  They  must  be  adapted  to 
the  tractor  or  the  tractor  must  be  adapted  to  them,  before 
the   farmer  can  gel   complete  power-farming  service. 

The  unusually  high  prices  paid  for  farm  products  in 
1919  and  early  in  1920  led  the  farmer  to  buy  tractors  in- 
discriminately. When  prices  again  became  normal  main 
of  these  farmers  found  that  their  power  equipment  could 
not  produce  the  crops  at  a  profit  on  the  basis  of  the  new 
and  lower  market  prices.  This  situation  makes  it  doubly 
necessary  that  the  tractor  industry  produce  both  tractors 
and  implements  that  will  compete  effectually  with  the 
cost  of  raising  farm  crops  by  animal  power.  The  problem 
before  us  is  to  meet  this  diversified  farmer's  requirements 
as  completely  as  possible  without  interfering  too  severed) 
with  his  present  working  methods.  In  considering  the 
crops  raised  by  him,  the  paramount  obstacle  has  been  his 
inability  to  handle  intertillage  work;  that  is,  to  cultivate 
his  row  crops. 

Row-Crop  Cultivation 

Although  corn  is  grown  on  more  than  102,075,000  acres 
in  the  United  States,  other  row  crops  that  must  be  con- 
sidered include  potatoes,  with  an  average  acreage  of  more 
than  4,000,000;  cotton,  covering  an  acreage  in  excess  of 
35,000,000;  beans,  which  exceed  1,000,000  acres;  peanuts, 
in  excess  of  1,000,000  acres  and  steadily  increasing;  and 
sugar  beets,  which  average  1,000,000  acres  and  show  a 
rapidly  increasing  acreage.  There  are  many  more  im- 
portant row-crops  that  cover  smaller  acreages,  such  as 
tobacco  and  truck  crops,  inclusive  of  cabbage,  onions  and 
tomatoes.  They  cover  an  acreage  in  excess  of  2,000,000. 
Thus,  we  have  approximately  140,075,000  acres  of  row 
crops  in  the  United  States,  and  practically  all  of  this 
acreage  is  located  on  the  smaller  or  diversified  farms, 
where  crop  rotation  plays  an  important  part. 

Tractor  Requirements 

A  tractor  must  be  of  sturdy  and  compact  design  to 
meet  the  demands  of  the  diversified  farm;  yet  it  must 
be  so  simple  that  it  can  be  operated  easily  after  the 
briefest  period  of  instruction.  The  accessibility  of  its 
working  parts  is  just  as  important  so  that  repairs  can 
be  made  with  minimum  of  delay  and  without  the  neces- 
sity of  summoning  an  expert  mechanic.  Lubrication  and 
greasing  should  be  confined  to  no  more  than  two  points. 
so  that  the  day's  work  in  the  field  need  not  be  cut  short 
by  tedious  delays  to  attend  to  this  rather  vexing  but  all- 
important  duty.  This  type  of  tractor,  which  appeals  be- 
cause of  its  cheapness  of  maintenance  and  simplicity  of 
operation,  must  be  adaptable  to  the  farmer's  manifold 
needs  and  to  the  implements  that  he  already  possesses. 
It  is  essential  that  he  be  not  overburdened  with  the  cost 
of  purchasing  new  implements  to  effect  this  much-desired 
result. 
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from  6  to  10  acres  in  a  10-hr.  day  with  a  two-bottom 
gangplow  of  the  disc  or  the  moldboard  type.  He  must  be 
able  to  travel  at  such  speed  as  to  pulverize  for  seed  bed- 
ding the  particular  type  of  soil  that  predominates  on  his 
farm,  eliminating  the  work  of  harrowing  so  far  as  pos- 
sible. This  requires  a  variety  of  speeds,  for  sandy  soil 
demands  far  different  treatment  than  clay  or  loam. 

The  new  type  of  tractor  must  be  able  to  exert  adequate 
drawbar  pull  and  at  the  same  time  be  light  enough  to 
drag  the  harrow  over  the  tilled  field  without  packing 
the  soil  too  firmly  and  retarding  the  germination  of  the 
budding  seed.  To  accomplish  this,  the  tractor  must  be 
able  to  pull  a  double-disc  harrow,  a  spring-tooth  harrow 
and  a  drag  harrow,  of  such  size  and  at  such  a  rate  of 
speed  as  to  complete  from  20  to  30  acres  in  a  10-hr.  day. 
Tractor  lightness  is  necessary  also  to  permit  the  seeding 
machine  to  be  hauled  over  the  ground  and  yet  leave  the 
seed-bed  in  such  a  state  of  tilth  that  rapid  germination 
of  the  seed  will  follow  without  the  ill  effects  due  to  tramp- 
ing or  mashing  the  soil. 

The  tractor  must  be  able  to  handle  the  long  list  of  haul- 
age jobs  that  are  necessary  on  these  farms  throughout  the 
year.  It  is  evident  how  numerous  these  are,  and  what 
a  variety  of  demands  they  entail.  Cultivation  of  the  soil 
is  just  as  important  as  plowing  in  connection  with  the 
successful  growth  of  row  crops.  In  the  past  this  work  has 
been  done  by  animal  power  or  by  special  units  primarily 
designed  for  cultivating.  It  is  not  necessary  to  have  a 
specially  designed  powerplant  unit  that  is  used  only  dur- 
ing 6  to  8  weeks  throughout  the  year,  because  all  the 
essentials  of  this  unit  can  be  incorporated  into  the  ideal 
tractor  so  that  it  can  be  used  as  expeditiously  for  culti- 
vating as  for  any  other  farm  work.  Thorough  cultiva- 
tion is  necessary;  not  a  system  of  cultivation  that  covers 
the  ground  in  the  quickest  manner  possible,  but  a  system 
that  will  bring  about  far  better  results  than  ever  have 
been  accomplished  by  handpower  or  animal  power  in  the 


past.  The  problem  is  not  a  difficult  one.  It  can  be  solved 
by  tractor  methods  simply  and  easily  if  thought  and 
effort  are  devoted  to  it.  The  ideal  tractor  must,  of  neces- 
sity, handle  the  numerous  belt-power  jobs  on  the  farm, 
such  as  furnishing  power  for  the  feed  mill,  the  wood  saw, 
the  corn  shredder,  the  ensilage  cutter,  odd  demands,  the 
small  cream-separator  and  the  threshing  machine.  This 
problem  of  belt  work  has  been  and  is  being  handled  very 
satisfactorily  by  all  tractors  built  today. 

The  requirements  for  a  simple  tractor  for  the  diver- 
sified farmer  demand  a  small  compact  sturdy  machine  of 
sufficient  flexibility  and  ease  of  manipulation  to  handle  all 
of  the  numerous  tasks  better,  more  cheaply  and  expedi- 
tiously than  they  have  been  handled  in  the  past.  Radical 
changes  are  needed.  We  still  are  holding  to  the  cumber- 
some design  of  pioneer  tractor  that  broke  the  virgin  sod ; 
one  that  caused  endless  delay  through  innumerable 
troubles  and  was  designed  primarily  as  a  plowing  unit. 
We  must  evolve  a  small  design  to  meet  the  requirements 
of  the  farmer  of  today.  This  must  be  borne  in  mind 
constantly  so  that  present-day  implements  will  be  avail- 
able for  use  with  the  tractor.  While  making  it  rangy,  the 
design  must  be  kept  simple,  so  that  the  tractor  can  be 
widened  or  narrowed  and  raised  or  lowered  to  give  clear- 
ance, without  the  addition  of  complicated  parts  that  re- 
quire time  and  expense  in  the  making  of  alterations. 

Implement  Requirements 

Unobstructed  vision  for  the  operator  is  a  prime  requi- 
site in  the  successful  manipulation  of  cultivating  imple- 
ments. This  can  be  accomplished  most  feasibly  by  plac- 
ing the  implements  before  the  tractor,  the  driver  being 
enabled  thereby  not  only  to  manipulate  the  machine  but 
to  watch  the  progress  of  the  work  and  note  any  emer- 
gency that  arises.  The  working  force  can  be  cut  in  half 
in  this  manner.  When  the  implement  is  drawn  behind  the 
tractor,  a  helper  is  necessary  to  manipulate  it. 


ORGANIZATION  BY  FARMERS 


OUR  Nation  was  established  by  one-man  enterprise;  the 
one-man  farm  whose  products  fed  and  clothed  the  family, 
the  one-man  store,  the  one-man  blacksmith  shop,  the  one-man 
stage  coach,  the  one-man  mail  service.  What  distinguishes 
the  Nation  today  is  the  fruit  of  associated,  or  organized, 
effort.  Transportation,  communication,  manufacture,  mer- 
chandising, are  all  conducted  by  great  groups,  often  thou- 
sands of  individuals,  each  with  its  leadership  of  superior 
ability,  a  leadership  which  has  been  earned  by  the  survival 
of  the  fittest  in  years  of  competition. 

Because  every  farm  is  a  home,  it  is  not  likely  to  become 
factory  organized;  but  agriculture,  like  other  industries,  has 


come  to  a  time  when  all  its  problems  cannot  be  solved  by  the 
farmer  acting  as  an  individual.  Farmers  must  associate  in 
groups.  They  must  acquire  the  assistance  and  benefits  of  as- 
sociated effort  under  skilled  leadership.  Successful  leadership 
is  the  result  of  accumulated  experience.  The  permanence  and 
effectiveness  of  associated  groups  in  agricultural  efforts  de- 
pends upon  the  development  of  successful  leaders,  able  to 
read  all  factors  aright,  to  think  rightly  and  to  decide  rightly, 
to  the  end  that  all  groups  may  prosper  better  because  of  the 
proper  kind  of  leadership  and  the  associated  effort  of  many 
individuals  acting  in  harmony. — President  Van  Norman  of 
World's  Dairy  Congress  Association. 


THE  BASIC  INDUSTRY 


WE  frequently  think  of  the  iron  and  steel  industry  or 
some  other  industry  with  which  we  are  most  familiar 
as  being  the  greatest  and  most  important  of  the  industries  of 
the  country  upon  which  the  prosperity  of  business  mainly 
depends.  But  after  all,  the  present  business  depression  has 
shown  that  the  country's  prosperity  depends  largely  on  the 
buying  power  of  the  farmer.  Nearly  one-third  of  the  people 
of  the  United  States,  or  more  than  30,000,000,  live-on  farms. 
Nearly  20,000,000  live  in  communities  having  a  population  of 
less  than  2500  and  depend  for  their  well-being  mainly  upon 
the  prosperity  of  the  farmer.    In  other  words,  nearly  one-half 


of  the  population  of  the  United  States  is  directly  dependent 
upon  the  farms  for  .  its  income  and  its  purchasing  power. 
When  this  large  part  of  the  population  begins  to  curtail  its 
purchases  to  a  minimum,  as  has  been  the  case  since  the  fall 
in  the  prices  of  farm  products,  every  industry  in  the  country 
suffers.  In  1919  the  value  of  the  farm  property  in  the  United 
States  was  estimated  at  more  than  $50,000,000,000  or  more 
than  the  combined  capital  of  all  the  manufacturing  establish- 
ments, railroads,  mines  and  quarries  in  the  country.  The 
value  of  the  output  of  the  farms  at  prewar  prices  is  esti- 
mated at  $8,000,000,000.— Machinery. 
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SPECIFYING  the  four  general  plans  that  have  been 
follow,!)  i  y  chassiB  builders  in  securing  body  equip- 
ment as  being  the  building  of  bodies  in  their  own  shops; 
OH  contract  by  the  body  maker  to  plans  and  specifica- 
tions of  tlio  chassis  builder;  by  a  local  body  maker  to 
the  order  of  the  dealer  or  the  owner;  and  the  assembling 
from  stock  of  standard  sectional  units  recommended  by 
the  dealer  or  selected  by  the  owner,  the  authors  discuss 
each  of  these  plans  in  detail. 

With  regard  to  the  plan  of  using  standardized  sec- 
tional bodies,  the  different  sizes  of  chassis  used  for  com- 
mercial purposes  are  separated  into  four  specified 
groups  and  the  production  of  a  complete  standard  line 
including  a  number  of  styles  of  body  for  each  chassis 
is  commented  upon  and  illustrated,  inclusive  of  detailed 
considerations  of  the  all-metal  body.  The  advantages 
to  the  dealer  and  to  the  user  of  the  factors  that  are 
advocated  in  body  building  are  enumerated,  and  the 
standardization  of  commercial  cars  and  trucks  is  con- 
sidered briefly. 

SERVICE,  in  its  broadest  sense,  must  cover  every 
phase  of  the  marketing  and  operation  of  commer- 
cial motor  vehicles  and  trucks.  Whatever  success 
is  attained  in  the  industry  must  be  based  fundamentally 
on  service.  Service  to  the  dealer,  good  or  bad,  begins 
directly  when  the  chassis  is  assembled,  and  continues 
through  him,  or  directly  to  the  consumer,  throughout  the 
usable  life  of  the  vehicle.  The  best  interests  of  the 
dealer  demand  a  service  that  results  in  the  largest  volume 
of  sales,  quickly  made,  with  the  minimum  capital  invest- 
ment, and  at  the  same  time  insures  that  greatest  of  all 
selling  assets,  satisfied  customers. 

The  commercial  car  and  truck  chassis  builder  turns  out, 
for  the  most  part,  a  product  that  can  be  rendered  useful 
only  by  the  application  of  a  body.  Therefore,  he  should 
be  vitally  interested  in  having  the  final  user  of  his 
vehicle  obtain  a  body  of  good  quality,  properly  mounted 
and  adapted  to  the  chassis  and  the  work  to  be  done.  He 
is  likewise  concerned  with  everything  that  helps  his 
dealers.  The  consumer,  in  this  case  the  truck  owner  and 
operator,  deserves  to  receive  promptly,  with  a  newly 
purchased  chassis,  a  body  suited  to  his  needs  with  the 
assurance  that  it  is  durable  and  can  be  repaired  with  a 
minimum  of  delay  and  lost  time  for  the  vehicle. 

The  whole  fabric  of  body  service  must  be  woven  around 
the  idea  that  a  commercial  motor  vehicle  has  rendered  its 
maximum  of  profit  and  usefulness  only  when  the  paying 
operation  begins  as  soon  as  possible  after  it  is  assembled 
and  continues  steadily  at  a  maximum  per  diem  for  the 
longest  time  with  minimum  losses  through  lay-ups  for 
repairs  and  renewals.  Any  attempt  to  analyze  the  ques- 
tion of  body  service,  therefore,  must  bring  into  consider- 
ation all  phases  of  body  design,  production  and  distribu- 
tion, as  related  to  the  chassis  manufacturer,  the  dealer 
and  the  owner,  as  well  as  the  body  manufacturer,  or 
builder. 

Four  distinct  general  plans  have  been  followed  by 
chaaaia  builders  in  securing  body  equipment: 


(1)  Building  in  their  own  shop 

(2)  Building  on  contract  by  body  maker  to  plans  and 
specifications  of  chassis  builder 

(3)  Building  by  local  body  maker  to  order  of  dealer  or 
owner 

(4)  Assembling    from    stock    standard    sectional    units 
recommended  by  dealer  or  selected  by  owner 

All  four  are  available,  to  a  greater  or  less  extent,  at 
present  and  to  determine  the  effect  of  each  upon  the 
ultimate  question  of  service  we  will  examine  each  plan 
as  related  to  the  interests  of  the  chassis  builder,  the 
dealer  and  the  owner. 

Chassis  Builder  Constructing  Bodies 

The  chassis  producer  who  attempts  to  enter  the  body- 
building all-metal  bodies  is  contemplated.  Even  then  the 
chassis  with  bodies,  will  find 'it  necessary  to  make  large 
investments  in  plant  and  equipment,  as  well  as  pro- 
vide an  entirely  separate  organization  for  their  design 
and  manufacture,  since  body-building  is  essentially  a 
wood-working  industry,  as  contrasted  with  the  metal- 
working  operations  of  chassis  construction,  unless  the 
questionable  procedure,  treated  more  specifically  later,  of 
building  all-mate)  bodies  is  contemplated.  Even  then  the 
type  of  metal  work  involved  is  entirely  different  from 
that  of  chassis  construction,  and  requires  radically  dis- 
similar shop  and  tool  equipment  and  personnel.  Many 
of  the  large  sheet-metal  workers  have  been  kept  out  of  the 
body  business  because  sufficient  quantities  of  bodies  of 
uniform  type  and  dimensions  cannot  be  sold  to  make  the 
tooling  and  other  quantity-production  worthwhile.  The 
fact  that  some  of  these  companies  turned  out  truck  bodies 
efficiently  and  at  a  low  price  for  the  Government  in  war 
time  but  have  since  found  it  unprofitable  to  produce  for 
the  trade  under  present  conditions  of  standardization,  or, 
rather,  lack  of  standardization,  should  make  clear  to  the 
chassis  builder  the  inadvisability  of  going  into  the  con- 
struction of  metal  bodies  where  the  outlet  for  these 
bodies  must  necessarily  be  limited  by  the  sales  of  their 
own  chassis. 

If  the  chassis  builder  plans  anything  like  national  dis- 
tribution of  his  product,  he  must  offer  a  line  of  bodies 
sufficient  to  meet  the  widely  varying  demand  in  different 
sections  of  the  Country.  To  satisfy  the  requirements  of 
Northern  winters  the  driver  must  be  protected  from  the 
cold  with  a  complete  enclosed  job,  while  in  California  and 
the  Southwest,  in  fact,  all  through  the  South,  there  is  no 
market  for  such  body  types.  In  addition  to  these  cli- 
matic considerations,  every  section  of  the  Country  insists 
upon  certain  features  peculiar  to  itself,  either  because 
of  more  or  less  clearly  defined  limitations  of  the  prevail- 
ing business  in  which  the  body  is  employed,  or  through 
unnecessary  but  obstinate  adherence  to  established  local 
custom. 

Even  if  local  distribution  only  is  attempted,  a  consider- 
able variety  in  types  must  be  offered,  for  not  only  must 
"the  butcher,  the  baker  and  the  candlestick  maker"  be 
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manufacturer,  the  farmer,  and,  in  fact,  every  conceivable 
business  and  trade,  comes  in  for  special  attention  in  de- 
veloping any  adequate  line  of  bodies. 

A  large  proportion  of  the  city  demand  will  be  for  panel 
bodies,  if  for  no  better  reason,  because  the  large,  plain 
panels  of  the  sides  have  a  real  value  for  advertising  pur- 
poses. In  sparsely  settled  districts  advertising  space  is 
of  less  value  and  consequently  the  small  town  and  coun- 
try merchant  and  tradesman  will  purchase  only  an  ex- 
press-type body,  with  or  without  top.  The  farmer  gen- 
erally has  little  use  for  the  commercial  body  type  that  is 
most  popular  in  the  cities,  and  demands  an  entirely  differ- 
ent design,  depending  in  detail  upon  the  particular  branch 
of  agriculture  in  which  he  is  engaged.  In  the  wheat  belt 
his  body  must  be  grain-tight  and  preferably  fitted  with  a 
special  grain  endgate  and  other  features  peculiarly  suited 
to  his  needs.  If  he  is  raising  cattle  or  hogs,  he  will  prob- 
ably want  a  stock  body,  and  if  this  body  can  be  equipped 
with  a  stock-loading  chute,  its  sale  will  be  made  easier. 
While  the  general  all-around  farmer  will  prefer  some 
form  of  universal,  convertible  platform-type  of  body,  the 
dairy  farmer  will  demand  something  different,  the  or- 
chardist  something  else,  and  so  on;  each  prospective  pur- 
chaser will  insist  upon  some  type  as  being  suited  to  his 
need.  No  scheme  of  body  service  will  be  satisfactory  to 
these  various  consumers,  or  promote  the  best  interests  of 
the  industry,  that  does  not  take  seriously  into  account  all 
the  conditions  leading  up  to  their  individual  demands. 

There  are  many  groups  of  merchants  that  require  more 
highly  specialized  bodies,  such  as  ice-cream  manufac- 
turers, furniture  dealers,  florists  and  undertakers.  Then 
there  is  a  large  class  of  users  of  dump-bodies  or  other 
bodies  with  special  loading  or  unloading  devices,  includ- 
ing contractors  and  dealers  in  coal,  lumber,  sand,  gravel, 
brick,  cement  and  other  builders'  supplies. 

The  larger  department-stores  are  representative  of  an 
extensive  class  of  buyers  who  have  created  an  unmistak- 
able advertising  value  through  years  of  use  of  bodies  of 
distinctive,  uniform  design,  painting  and  attractive  ap- 
pearance. For  purely  economic  reasons,  such  users  can 
ill  afford  to  purchase  bodies  of  varying  type,  even  though 
the  saving  in  first  cost  may  be  considerable. 

Frequently  peculiarities,  not  always  evident  to  the  out- 
sider, in  the  transportation  problems  of  a  particular  com- 
pany fully  justify  the  employment  of  highly  specialized 
bodies,  through  savings  actually  effected  thereby.  In 
contrast  with  these  cases,  it  is  true  that  there  is  a  large 
class  of  users,  who,  so  far  as  efficient  handling  of  their 
goods  is  concerned,  could  use  a  common  type  of  body 
but,  to  gratify  their  personal  preferences  or  pride  or 
idiosyncrasies,  insist  upon  exceptional  construction  and 
are  willing  to  pay  a  higher  price  to  obtain  a  body 
changed  or  built  to  suit  them. 

In  the  final  analysis  the  chassis  builder  can  find  no 
better  reason  for  entering  the  body-building  field  than 
that  of  increasing  the  sale  of  his  chassis.  A  serious  con- 
sideration of  the  widely  varied  types  of  body  required  to 
meet  the  demands  of  his  market  cannot  but  convince  him 
that  the  investment  and  expense  involved  will  be  out  of 
all  proportion  to  the  increased  profit  on  his  product  if  he 
attempts  to  cater  to  all  prospective  customers.  On  the 
other  hand,  limitation  of  the  body  types  offered  with  his 
chassis  to  a  very  few  standardized  jobs,  combined  with 
insistence  on  selling  the  chassis  and  mounted  body  as  a 
unit,  is  certain  to  result  not  only  in  small  body  sales  but 
in  reduced  sales  of  chassis,  since  a  large  proportion  of 
buyers  will  not  take  kindly  to  having  a  so-called  stand- 
ardized body  forced  upon  them  regardless  of  its  suitabil- 


will  be  greater  than  any  possible  gain,  since  the  customer 
will  buy  the  chassis  that  gives  him  a  free  hand  in  ob- 
taining the  body  best  suited  to  his  needs. 

Commercial  motor-vehicle  bodies  are  too  bulky  to  be 
shipped  long  distances  economically  by  rail  and,  except- 
ing the  limited  number  of  vehicles  that  can  be  driven 
away  from  the  factory,  the  mounting  of  bodies  at  the 
builder's  plant  need  not  be  considered  as  having  any 
great  possibilities. 

One  of  the  great  obstacles  in  the  way  of  chassis  and 
body  standardizaton  has  been  the  bulkiness  of  bodies  in 
railroad  freight  transportation,  the  possibility  of  dam- 
age in  shipment  and  the  expense  of  crating.  The  pro- 
hibitive expense  of  shipping  complete  bodies  "set-up"  can 
be  somewhat  reduced  by  shipping  them  to  dealers 
"knocked-down,"  thus  increasing  the  number  of  bodies 
which  may  be  placed  in  a  40-ft.  freight-car  from  6  to  16, 
and  throwing  the  burden  of  assembly  and  mounting  on 
the  dealer. 

In  any  case  the  dealer's  capital  requirements  will  be 
increased  by  having  bodies  added  to  the  inventory  that 
he  must  carry.  If  the  line  of  bodies  he  has  to  offer  is 
sufficient  to  meet  the  demand,  the  expense  of  storage 
space  becomes  no  small  item,  while  a  limited  line  cannot 
meet  competition  and  results  in  loss  of  sales  through  in- 
ability to  assure  proper  body  service  to  prospective 
chassis  purchasers.  It  is  generally  accepted  that  the 
dealer  in  commercial  cars  and  trucks  can  succeed  only  by 
selling  transportation  rather  than  simply  vehicles  and  he 
cannot  claim  to  sell  transportation  unless  he  is  prepared 
to  recommend  the  body  types  best  adapted  to  the  pur- 
chaser's needs.  The  whole  process  becomes  still  more 
expensive  for  the  dealer  if  he  must  furnish  the  facilities 
and  labor  for  assembling  and  mounting  bodies. 

If  the  chassis  builder  takes  a  compromise  course  and 
offers  a  medium  number  of  well-selected  types,  of  which 
the  dealer  carries  a  small  stock  continually,  the  most 
promising  purchaser  is  likely  to  be  disgruntled  because 
the  body  service  offered  with  the  chassis  is  not  all  that  he 
expects,  or  can  obtain  elsewhere,  so  far  as  variety  is  con- 
cerned. Even  if  he  does  not  go  elsewhere  to  buy  at  first, 
the  dealer  is  certain  to  find  it  burdensome  to  carry  parts 
and  be  prepared  to  make  repairs  on  the  limited  number 
of  each  type  going  out  on  sales  of  complete  units.  As 
anything  less  than  a  maximum  of  service  in  repairing 
and  remodeling  bodies  will  prove  unsatisfactory  eventu- 
ally to  the  user,  the  effort  expended  in  trying  to  build  up 
a  permanent  business  of  selling  the  chassis  and  the  body 
as  a  unit  is,  with  few  exceptions,  certain  to  be  entirely 
out  of  proportion  to  the  results  attained. 

Bodies  Built  According  to  Specification 

The  second  plan,  while  it  necessitates  the  chassis 
builder  carrying  a  body-designing  and  engineering  de- 
partment, relieves  him  of  the  greater  investment  in  shop 
and  tool  equipment  and  body  fabricating  organization. 
The  body  builder,  through  his  ability  to  furnish  other 
designs  of  his  own  for  the  trade  and  to  take  on  contracts 
to  supply  various  chassis  producers,  is  in  a  much  better 
position  than  the  latter  to  acquire  an  adequate  volume 
of  body  business  for  efficient  and  economical  production. 
Here  the  advantage  to  all  concerned,  as  compared  with 
the  first  plan,  ceases,  however,  since  the  distribution 
troubles  remain  the  same,  with  the  possible  addition  of 
an  initial  freight  shipment  of  bodies  from  the  body 
builder  to  the  chassis  plant,  and  the  complications  aris- 
ing in  repair  service  with  the  attendant  embarrassment 
to  the  ultimate  user  through  the  interdependence  of  the 
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responsibility  affecting  the  guarantee,  proper  function- 
ing and  durability  of  the  body.     Of  the  four  methods 

applicable  to  the  supply  of  bodies  for  commercial  veh 
and  trucks  having  national  distribution  under  existing 

conditions,   undoubtedly   this   plan   has   the  least    to   rec- 
ommend it. 

Custom-Built  Bodies 

The  third  plan,  historically,  has  been  the  accepted 
method  of  most  motor-vehicle  builders  upon  first  enter- 
ing the  commercial-car  field,  and  is  still  the  plan  gen- 
erally followed  by  the  majority  of  truck  companies.  This 
practice  came  into  effect  not  through  the  application  of 
any  special  economic  theory  but  rather  through  the  nat- 
ural working-out  of  conditions  as  they  were  and  still  are 
to  a  lamentable  degree,  especially  in  connection  with 
heavy-duty  trucks. 

Comparatively  few  automobiles  were  used  tor  commer- 
cial purposes  until  within  the  last  ten  years,  and  even  as 
late  as  1913  the  bodies  necessary  for  these  few  commer- 
cial chassis  were  built  principally  bj  small  wagon-shops 
for  the  owner  or  furnished  to  him  by  the  chassis  builder. 
Where  the  body  problem  is  put  up  to  the  dealer  and  he 
endeavors  to  answer  it  through  the  medium  of  the  custom 
builder,  he  may  expect  bodies  only  slightly  developed 
from  those  for  horse-drawn  wagons,  in  the  production  of 
which  custom  builders  have,  for  the  most  part,  obtained 
their  experience.  The  result  is  a  body  of  much  greater 
weight  than  is  necessary  from  an  engineering  stand- 
point, and  built,  rather  than  designed,  without  regard 
for  the  principles  involved.  Progress  in  the  art  of 
custom  body-building  for  commercial  transportation  has 
been  almost  negligible,  all  alike  having  followed  horse 
tradition.  Nor  is  progress  to  be  expected  from  the  local 
body-builder,  hampered  as  he  is  by  tradition  and  lack  of 
technical  training;  he  cannot  advance  even  if  he  desires 
to  advance. 

With  the  exception  of  dealers  in  vehicles  of  exception- 
ally high  quality,  the  dealer  is  forced  by  competition  to 
obtain  a  fairly  good  body  at  a  medium  price.  The 
methods  and  equipment  of  the  local  builder  are  usually 
very  crude.  He  generally  has  little  or  no  modern  wood- 
working machinery  and  must  depend  upon  tedious  hand- 


Fig.   2 — Interior  op    Partiaixt  Assembled  Panel  Rudy  and 
Rear   i 'oor 

work  for  all  or  most  of  the  fitted  parts.  Through  hurry, 
carelessness,  or  improper  supervision,  poor  workmanship 
results.  Such  bodies,  loosely  fitted  together,  soon  become 
wobbly,  decay  sets  in  prematurely  from  moisture  get- 
ting into  the  joints  and  the  life  of  the  body  is  wofully 
reduced. 

The  dealer  who  expects  to  get  from  the  local  builder 
just  what  he  specifies  at  a  low  or  even  a  medium  price  is 
certain  to  experience  disappointment.  But  not  all  cus- 
tom bodies  are  poorly  built;  many  of  them  show  excep- 
tional workmanship  and  materials.     The  difficulty  with 
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such  bodies  is  that  the  price  is  disproportionately  high, 
and  even  the  best  of  them,  constructed  with  the  most 
conscientious  care,  are  usually  deficient  insome  particu- 
lar. The  making  of  the  body  is  based  on  the  more  or 
less  restricted  experience  of  the  builder  who,  as  a  prac- 
tical man,  following  custom,  has  exaggerated  the  care  and 
expense  above  the  true  requirements  in  certain  details. 
Under  the  critical  inspection  of  a  competent  engineer, 
wasted  effort  will  be  evident  in  the  construction  of  vir- 
tually all  good  custom-bodies.  In  his  anxiety  to  turn  out 
a  durable  product  and  always  "throw  any  errors  on  the 
safe  side,"  the  small,  scrupulous  builder  is  inclined  to  use 
timber  a  little  larger  than  necessary  here  and  there  and 
place  heavy  and  elaborate  iron  forgings  where  they  can 
do  no  good.  All  of  this  adds  to  the  price  and,  as  in- 
creased non-pay  load,  permanently  reduces  the  efficiency 
of  the  vehicle  by  just  that  much  as  a  transportation  unit. 

The  dealer  is  quick  to  realize  the  loss  he  sustains 
through  delayed  deliveries  of  the  chassis  while  he  waits 
for  a  body  to  be  built.  Both  dealer  and  customer  are 
aggravated  and  suffer  a  substantial  loss  during  this  period 
of  waiting,  which  may  run  into  weeks  after  the  truck  is 
sold.  The  tying-up  of  the  dealer's  money  in  chassis  in- 
ventories presents  a  retardation  in  the  process  of  mer- 
chandising that  cannot  be  ignored  by  the  chassis  builder. 
He  should  be  just  as  much  interested  as  the  dealer  in 
having  his  chassis  promptly  placed  in  active  service,  for 
idle  equipment  represents  an  investment  earning  no  in- 
terest, a  definite  economic  waste  that,  like  time  itself, 
cannot  be  recovered. 

This  plan  of  body  handling  leaves  the  dealer  almost 
powerless  in  rendering  service  to  the  buyer  in  matters  of 
repair,  all  of  which  are  likely  to  prove  relatively  expen- 
sive in  both  time  and  direct  cost;  a  condition  that  is 
rendered  more  exasperating  by  enforced  total  loss  in 
earning  capacity  of  the  vehicle  while  it  is  laid  up  for 
repairs,  which  commonly  takes  considerably  more  time 
than  the  proportionate  value  of  the  parts  affected,  be- 
cause the  custom  body-builder  habitually  gives  little  or  no 
attention  to  the  incorporation  in  his  product  of  features 
that  will  facilitate  rapid  and  economical  repair. 

Standardized  Sectional  Bodies 

The  successful  operation  of  the  fourth  plan  has  been 
made  possible  only  comparatively  recently  owing  to  a  lack 
of  sufficient  demand  and  the  continuous  evolutionary 
changes  in  body  requirements  as  the  business  developed. 
Through  the  adoption  of  this  plan  the  chassis  builder  and 
his  dealer  derive  a  great  many  benefits.  Not  the  least 
of  these  for  the  former  is  complete  relief  from  the  under- 
taking of  body-building.  While  eliminating  the  capital 
investment  involved  in  the  first  plan,  he  simultaneously 
removes  from  his  dealers  the  burden  of  body  inventories 
common  to  the  first  and  second  plans.  Moreover,  he  is 
assured  that  his  chassis  will  not  be  abused  by  being  made 
to  carry  a  poorly  proportioned  or  ill-fitting  body  of  exces- 
sive weight  or  capacity.  The  dealer  is  further  helped  by 
overcoming  the  slowing-up  of  merchandising  while  wait- 
ing for  each  body  to  be  built  individually  under  the  third 
plan. 

To  assist  in  getting  a  clear  understanding  of  the  de- 
velopment and  possibilities  of  this  whole  scheme,  a  dis- 
tinction will  be  made  between  the  different  sizes  of 
chassis  used  for  commercial  purposes,  dividing  them  into 
the  following  classes: 

(1)  Commercial  chassis,  requiring  a  "commercial  body," 
comprising  all  light  popular  chassis,  whether  de- 
signed primarily  for  passenger  or  commercial  pur- 


(2)  Truck  chassis,  rated  at  1  to  IY2  tons,  requiring  a 
truck  body 

(3)  Truck  chassis,  rated  at  2  to  2%  tons,  requiring  a 
truck  body 

(4)  Truck   chassis,  rated  at  3  to  5  tons,  requiring  a 
truck  body 

The  plan  involves  the  production  of  a  complete  stand- 
ard line  including  a  number  of  styles  of  body  for  each 
chassis. 

The  large  volume  of  trade  available  in  a  single  design 
of  chassis  early  in  the  commercial-car  business  made 
possible  the  successful  beginning  of  standardization  in 
stock  bodies  for  the  first  class  of  vehicle  and,  as  bodies 
for  both  the  first  and  the  second  classes  have  now  bee'n 
standardized  thoroughly,  they  can  be  treated,  not  as  a 
theory,  but  as  a  matter  of  practical  accomplishment,  and 
the  results  regarded  as  an  indication  of  what  can  be 
accomplished  by  the  standardization  of  heavy-duty 
trucks. 

The  prospect  of  a  large  market  for  these  lighter  bodies 
has  permitted  the  treatment  of  body  design,  production 
and  maintenance  as  engineering  problems  to  an  extent 
never  before  realized  in  the  body  field.  The  needs  of 
every  large  class  of  users  have  been  analyzed  thoroughly 
and  standard  types  developed,  each  with  features  that 
fit  it  to  the  actual  requirements.  There  is  occasionally 
some  exceptional  service  that  cannot  be  satisfied  by  any 
possible  standard,  but  the  vast  majority  can  find  what 
they  want  in  the  standard  types.  The  demand  for 
infinite  variety  is  founded  on  custom  and  prejudice 
rather  than  practical  experience  or  analysis,  and  a  trial 
usually  convinces  the  buyer  that  the  design  of  the 
standard  body  for  his  use  is  based  on  a  more  compre- 
hensive and  accurate  study  of  his  requirements  than 
he  could  possibly  make  for  himself. 

By  building  the  bodies  in  sections  and  standardizing 
these  sections,  it  has  been  found  possible  to  use  certain 
sections  for  very  many  different  types  of  these  bodies. 
In  some  respects,  the  scheme  parallels,  although  in  a 
very  different  field  and  with  much  greater  economic 
possibilities,  the  flexibility  and  utility  of  the  sectional 
bookcase.  Standardization  has  been  carried  to  such  an 
extent  that  the  reduction  in  the  total  number  of  com- 
ponent parts  has  diminished  noticeably  the  body-builder's 
investment  in  raw  materials,  work  in  process  and 
finished  goods. 

Many  major  parts  of  bodies  and  cabs  are  interchange- 
able on  various  types  of  body.  Starting  with  one  plat- 
form or  base,  a  choice  can  be  made  from  several  side- 
panels,  rear  sections  and  tops,  thus  making  it  possible 
to  assemble  any  one  of,  literally,  a  dozen  body  styles  on 
this  one  design  of  base.  Likewise,  doors  and  wind- 
shields used  on  cabs  or  vestibules  can  be  assembled 
interchangeably  with  a  variety  of  other  body  units.  In' 
fact,  windshield,  vestibule  doors,  vestibule  side-windows, 
rear  doors,  toe-boards,  cushion  and  lazy-back  are  worked 
out  readily,  each  in  a  single-unit  design  common  to  all 
bodies  of  whatever  model  where  any  one  of  these  items 
is  required.  A  single  endgate  can  be  used  to  equip 
many  different  models. 

Fig.  1  shows  several  of  the  principal  sectional  units 
of  a  panel  body,  and  illustrates  how  these  units  can  be 
built  easily  into  a  substantial  assembly.  Fig.  2  shows 
the  interior  of  the  same  body  partially  assembled  with 
the  rear  door  in  place.  Interior  and  exterior  views  of 
a  vestibule  door  common  to  all  closed-vestibule  bodies 
is  shown  in  Fig.  3,  while  Fig.  4  clearly  indicates  a  stand- 
ard seat-cushion  and  lazy-back  construction. 
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Pio.  3 — Interior  Side  of  the  Vestibule  Imor  Section  at  the 
Left  am.  at  the   Right  the  Exterior 

the  assembly  of  a  six-post  express-body  with  a  vestibule 
compartment  for  the  driver,  including  doors  that  can 
be  held  open  by  a  special  fastener  when  it  is  desired  to 
use  the  body  with  an  open  front.  An  inspection  of  these 
illustrations,  taken  in  order,  demonstrates  how,  be- 
ginning with  the  platform,  the  side-panels,  the  toe-board 
brackets,  the  seat,  the  top,  the  endgate,  the  toe-boards, 
the  windshield  and  the  vestibule  doors  are  added  as 
separate  unit-sections  to  make  up  the  complete  body. 
An  examination  of  these  views  also  serves  to  make  clear 
how  comparatively  easy  it  is  to  replace  any  section  in 
overhauling  or  repair. 

Standardization  on  a  few  stock  sizes  of  lumber  has 
made  possible  its  purchase  under  carefully  prepared 
specifications  that  insure  a  quality  best  suited  to  the 
purpose  at  reduced  prices.  In  the  case  of  the  heavier 
frame  and  platform  members  it  permits  the  direct 
shipment  of  properly  conditioned  and  seasoned  fully 
machined  parts  from  the  lumber-mill  to  the  bodj 
assembly  plants.  This  reduces  the  weight  to  a  low 
minimum  before  shipment,  since  it  is  fully  dried  instead 
of  green  and  all  waste  in  the  machine-finishing  of  the 
parts  occurs  at  the  lumber  mill  before  shipment.  The 
total  cost  of  freightage  is  still  further  reduced  by  replac- 
ing the  double  haul  from  the  lumber-mill  to  the  fabricat- 
ing plant  for  machining  and  then  on  to  the  assembling 
plant,  by  a  single  shipment  from  the  mill  direct  to  the 
ambling  plant.  By  adopting  efficient  quantity-produc- 
tion methods  in  the  manufacture  and  subassembly  of 
parts,  substituting  machine  for  hand  labor  and  manu- 
facturing and  fabricating  the  parts  and  units  under 
steel  jigs,  the  quality  has  become  more  uniform  and 
better  at  a  reduced  cost,  which  has  been  lowered  still 
further  by  simplifying  operations,  decreasing  the  num- 
ber of  operations  and  making  possible  the  employment 
of  a  less  skilled  class  of  workmen. 


of  the  standardized  sectional  bodj  over  the  earlier  forms 
of  construction  more  evident  than  in  freight  shipment. 
Whereas  only  six  bodies,  completely  set-up,  can  be 
shipped  in  a  40-ft.  freight -car.  this  number  can   be  in- 

,  leased  to  a  maximum  of  1(1  by  having  them  "knocked 
down".  After  the  bodies  are  completely  buill  and  set-up 
by  body-makers  and  have  been  put  through  the  paint- 
ing and  trimming  departments  they  are  sent  to  the 
shipping  department  where  the  tops  and  sides  are  dis- 
connected and  then  crated  for  loading  in  the  car. 
Sectional  units  for  40  bodies  can  be  packed  in  the  same 
car,  with  a  much  lower  rate  classification,  effecting  a 
striking  saving  in  freight-cost  and  in  the  labor  of 
assembling,  disassembling  and  crating. 

To  pass  a  maximum  of  these  economies  on  to  the 
dealer  and  insure  continuous  service  to  the  user,  the 
advantages  of  this  plan  are  still  further  extended  by 
establishing  factory  assembling-branches  in  all  large 
distributing  centers,  carrying  complete  stocks  of  bodies 
and  parts  and  well  equipped  for  mounting,  painting,  let- 
tering and  repairing.  The  body  sections,  as  received 
from  the  fabricating  plants  by  those  branches,  occupy  a 
minimum  of  storage  space  and  need  be  assembled  only 
to  care  for  sales  demands.  At  first  many  were  skep- 
tical concerning  the  possibility  of  turning  out  body 
sections  with  sufficient  accuracy  to  make  all  parts  inter- 
changeable and  permit  assembly  in  the  fabricating 
plant,  at  assembling  branches  or  by  dealers  themselves. 
Of  course,  it  had  been  fully  established  that  this  could 
be  done  in  the  case  of  machines  composed  of  all-metal 
parts,  but  it  had  to  be  demonstrated  that  this  is  not 
rendered  impracticable  in  a  combination  of  wood  and 
steel  by  the  expansion  and  contraction  of  wood  caused 
by  variations  in  moisture  and  temperature.  While  it 
is  true  that  extraordinary  care  must  be  taken  in  the 
selection   and  conditioning  of  the  lumber   and    finished 
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wood-parts,  all  this  attention,  in  quantity  operations, 
results  in  little  additional  expense,  and  this  is  more 
than  offset  by  improved  quality  in  the  product  as  com- 
pared with  bodies  built  under  less  exacting  conditions. 

.Metal  Bodies 

While  the  all-metal  body  may,  appai-ently,  offer 
attractive  features  from  the  standpoint  of  quantity 
production,  as  affecting  the  purchase  price,  it  must  not 
be  forgotten  that  maintenance  cost  and  useful  life,  or 
depreciation  charge,  are  equally  and  frequently  more 
important  in  determining  the  maximum  utility  of  any 
transportation  unit.  The  railroad  freight-car  probably 
offers  as  close  a  parallel  to  motor-truck  bodies  in  the 
requirements  to  be  met  as  can  be  found  in  any  long- 
established  business.  The  experience  of  the  railroads 
with  all-metal  freight-cars  certainly  does  not  justify  the 
conclusion  that  metal  truck-bodies  will  find  very  general 
acceptance  in  the  near  future,  although  the  all-metal 
body  will,  undoubtedly,  continue  to  meet  the  demands 
of  certain  restricted  classes  of  motor-truck  haulage. 
Some  of  the  railroads  recently  have  converted  all  their 
steel  coal-cars  into  the  so-called  "composite",  wood  and 
metal,  cars,  substituting  wood  for  the  steel  floor-plates, 
side-sheets  and  hopper-doors.  Others  unconditionally 
recommend  the  wood  body  on  account  of  the  corrosion 
of  the  steel. 

The  history  in  the  railroad  industry  is,  briefly,  that 
for  many  years  freight-cars  were  built  altogether  of 
wood,  with  only  sufficient  steel  parts  to  tie  it  together. 
About  1890  a  few  firms  started  to  build  steel  cars.  The 
industry  was  stampeded  and  there  was  a  rapid  revolu- 
tionary movement  to  the  steel  car,  and,  as  usual,  the 
pendulum  swung  too  far,  forcing  great  loss  upon  all  con- 
cerned before  the  industry  could  recognize  the  advan- 
tages of  both  lumber  and  steel  properly  combined  and 
each  used  in  its  proper  place.  The  result  at  the  present 
time  is  the  composite  car,  which  the  master  car  builders 
have  found  to  possess  advantages  in  all  essential 
factors. 

The  first  cost  of  the  composite  car  is  much  less,  quality 
considered,  than  that  of  the  all-steel  freight-car.  The 
average  cost  of  repairing  composite  cars  is  less  than 
40  per  cent  of  that  of  steel  cars  in  the  same  service,  and 
the  former  can  be  repaired  in  one-half  the  time  neces- 
sary to  repair  the  latter.  Furthermore,  the  composite 
car  can  be  repaired  fully  with  many  materials  locally 
available  and  without  any  special  equipment,  while  the  all- 
steel  car  can  be  repaired  or  rebuilt  only  in  a  manufactur- 
ing establishment  equipped  with  special  presses  and 
machinery  representing  no  inconsiderable  investment. 
One  of  the  factors  seriously  entering  into  the  main- 
tenance and  depreciation  charges  is  the  fact  that  in  case 
of  a  bad  accident  an  all-steel  car  is  frequently  almost  a 
complete  loss,  due  to  the  practical  impossibility  of 
economical  repair.  Railroad  operating  officials  have  come 
to  regard  the  steel  car  as  an  unwarranted  transporta- 
tion cost  in  view  of  the  period  of  their  actual  worthwhile 
service  being  limited  to  10  years;  whereas  the  life  of 
ordinary  composite  equipment  under  normal  conditions 
is  at  least  20  years.  Thus  both  the  reproduction  value 
and  the  actual  depreciation  of  composite  cars  are  less 
than  these  costs  for  all-steel  cars. 

The  average  composite  car  weighs  approximately 
1000  lb.  less  than  corresponding  steel  cars.  The  wood 
sides  do  not  bulge  as  the  sides  of  steel  cars  bulge.  The 
composite  car  is  better  for  shippers  in  packing  and 
loading,  since  greater  protection  is  obtained  for  the  con- 
tents   of    the    car,    and    no    precautions    are    necessary 


against  rusted  side-sheets,  bulging  ends,  condensation 
from  roofs  or  leaks  of  bulk  lading  through  holes  in  cor- 
rugated sheets. 

The  all-metal  underf rame  for  freight  cars,  unquestion- 
ably, has  been  justified  by  experience.  In  motor  vehicles 
its  function  is  served,  substantially,  by  the  chassis  frame. 
While  metal  members  will,  undoubtedly,  prove  of  increas- 
ing importance  in  the  framing  and  bracing  of  motor- 
vehicle  bodies,  and  designers  will  do  well  to  incorporate 
gradually  more  light  metal  parts,  it  is  believed  that  the 
deficiency  of  metal  in  some  of  the  properties,  notably 
resilience,  required  in  truck  bodies  will  prohibit  its  gen- 
eral adoption  to  the  exclusion  of  composite  wood  and 
metal  body-frames.  The  excuse  for  metal  end-panels 
does  not  exist  in  motor  truck  as  in  freight-car  bodies. 

The  advantages  of  first  cost  demonstrated  by  the 
composite  freight-car  apply  in  the  same  manner,  al- 
though possibly  to  a  less  degree,  to  motor-truck  bodies. 
The  item  of  maintenance  and  repair  should  result  in  an 
even  greater  advantage  for  the  combined  wood  and  metal 
body  as  compared  with  the  all-metal  body  upon  which 
only  minor  repairs  can  be  made  outside  a  specially 
equipped  shop.  Even  when  such  a  shop  is  available, 
major  repairs  cannot  be  made,  without  unwarranted 
difficulty  and  expense,  if  at  all. 

A  vehicle  operating  on  the  streets  and  public  roads 
is  caught  in  a  collision  or  otherwise  damaged  so  much 
more  frequently  than  a  freight-car  operating  upon  steel 
rails  of  a  private  right-of-way,  that  the  occasion  for 
repairs  becomes  greater,  and,  when  necessary,  a  metal- 
braced  and  reinforced  wood  body  can  be-  repaired 
quickly  and  cheaply  with  material  generally  at  hand,  by 
an  average  workman.  A  steel  body,  on  the  other  hand, 
whose  parts  are  specially  formed  and  held  together 
by  welding,  riveting  or  some  other  permanent  jointing, 
presents  an  expensive,  if  at  all  practical,  repair  job. 
The  same  properties  that  make  for  difficulty  in  repair 
work  also  restrict  or  entirely  eliminate  one  element  of 
service  that  is  decidedly  in  favor  of  the  composite  body ; 
namely,  there  are  many  little  utility  changes  that  the 
user  may  need  to  make  to  meet  the  requirements  of  his 
own  business  better.  In  the  composite  body,  with  lumber 
as  the  principal  material,  a  saw  will  readily  remove  any 
portion  and  any  handy  carpenter  with  nails  and  screws 
can  make  any  desired  change  easily. 

The  decrease  in  weight  effected  through  the  use  of 
the  composite  body,  as  compared  with  the  all-steel  con- 
struction, is  of  even  greater  importance  in  the  case  of 
the  motor  car  than  of  the  railroad  car.  To  a  certain 
extent  there  is  less  likelihood  of  damage  resulting  to  the 
load  from  the  body  itself  where  it  is  made  of  wood 
instead  of  steel. 

Advantages  to  Dealer 

The  accumulated  savings  due  to  increased  pur- 
chasing power,  elimination  of  waste,  economical  produc- 
tion and  distribution  methods,  and  reduced  labor,  freight 
and  storage  charges,  when  passed  on  to  the  dealer, 
enable  him  to  offer  his  customers  the  combined  unit  of 
chassis  and  body  at  a  lower  price  than  it  can  be  secured 
by  any  other  practical  solution  of  the  body  problem. 
These  combined  benefits  can  be  attained  only  by  quantity 
output,  assured  through  national  distribution  of  a  very 
complete  line  and  accompanied  by  the  ability  to  equip 
not  only  the  chassis  of  one  but  those  of  several  of  the 
largest  builders. 

The  lower  price  at  which  standardized  production 
bodies  can  be  sold  benefits  the  dealer  directly  through 
increased  sales.    The  dealer's  volume  of  sales  is  further 
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ruled  by  the  development  of  large  new  fields  for  the 
■  if  chassis,  made  possible  by  the  creation  of  stand- 
ardized body-types  especially  suited  to  these  fields.  In 
the  body  builder  has  been,  and  still  is,  doing  as 
much  as,  if  not  more  than,  the  chassis  builder  in  develop- 
ing new  fields  for  the  use  of  comm<  ■  is.  The 
opening  of  new  provinces  of  employment  for  the  motor 
car  by  the  creation  of  special  bodies  is  well  illustrated  by 
the    variously    called    park,    country-club    or    suburban 


bodies.  Thousands  of  light  chassis  with  these  bodies 
are  now  sold  every  year,  and  their  sale  is  increasing 
very  rapidly.  Well-to-do  people,  with  country  estates  or 
suburban  homes,  frequently  use  a  light,  popular-priced 
chassis  with  this  body  as  a  general  utility  car  for  taking 
passengers,  baggage  or  freight  to  and  from  the  railroad 
station,  marketing,  going  to  the  golf  club,  or  general 
knockabout  purposes. 

Not  the  least  of  the  advantages  to  the  dealer  is  that 


Fig 
The   Upper  Pair 
Mounted   Respectively 


Successive  Stages  in  the  Assembling  or  tub  Standardized  Sectional  Body 
of*  Views  Show  thf-  Body  Platform  Heine  Placed   in    Position    for  Assembly   and    the   Side   Section    Being 
?vel\       In    the  Middle    View   at   the  Left   thi  \ttached   and  at  the    Right 

■'i.e:  v..  In  i  le  .J1  "pit;;,!  in   Position   in   the  Lower  Left  forner  and   Adding  the  Vestibule 
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of  immediate  delivery.  In  common  with  most  pur- 
chasers, the  commercial-car  or  truck  prospect  generally 
postpones  the  buying  of  a  new  vehicle  as  long  as  possible 
but,  when  finally  he  is  persuaded  to  close  a  deal,  he 
wants  the  car  immediately.  It  may  be  that  his  old 
chassis  has  broken  down  suddenly,  or  that  additional 
transportation  must  be  provided  for  at  once.  In  any 
case  the  buyer  does  not  want  to  wait.  Consequently, 
the  dealer  who  can  make  immediate  delivery  of  the 
chassis  complete  with  body,  ready  for  service,  has  a 
very  tangible  advantage,  for  the  chassis  without  the 
body  is  of  no  use  to  the  purchaser.  To  "reap  the  full 
benefit  of  prompt  delivery,  the  dealer  must  be  able  to 
offer  a  sufficiently  wide  line  of  types  to  meet  all  the  usual 
demands.  With  the  assistance  of  the  body-builder's 
engineers  the  dealer  is  able  to  give  the  customer  expert 
advice  regarding  the  type  of  body  best  suited  to  his 
business.  Furthermore,  the  body  builder,  through  his 
branch  assembly-plants,  is  prepared  to  give  the  buyer  not 
only  what  he  needs  but  what  he  may  reasonably  want 
in  the  way  of  special  painting,  lettering,  accessories, 
numerous  variations  or  additions,  in  rear  and  front 
enclosures,  shelves,  partitions,  doors,  etc.,  so  long  as  the 
standard  basic  sections  are  employed  without  variation 
in  the  design  and  dimensions. 

If  the  volume  of  his  business  is  sufficient,  the  dealer 
can  carry  profitably  on  the  floor  of  his  own  showroom 
various  bodies,  the  "best-sellers",  mounted  on  his  chassis 
for  demonstration  purposes.  But  whether  or  not  the 
chassis  dealer  exhibits  sample  bodies,  the  body  builder's 
branch  should  maintain  salesrooms  and  displays  where 
the  dealer  can  show  his  customer  exactly  the  type  of 
body  he  is  to  get.  Incidentally,  the  branch  organization 
becomes  a  very  potent  factor  in  assisting  and  making 
sales  for  the  chassis  dealer,  who  finds  that  often  partic- 
ularly difficult  customers  can  be  brought  to  the  closing- 
point  by  taking  them  to  the  body  builder's  branch  and 
showing  them  well-made  and  well-finished  bodies  and 
giving  them  the  advantage  of  the  body  engineers'  advice 
as  to  style  and  type.  Thus,  these  branches  not  only 
carry  the  necessary  complete  line  of  bodies  and  parts  to 
meet  the  needs  of  dealers  and  customers,  but  they  render 
many  helpful  services  to  both  in  turning  out  the  fully 
equipped  unit. 

Not  only  does  the  dealer  benefit  by  increased  chassis 
sales,  but  by  handling  the  body  sale  he  realizes  an  addi- 
tional profit  on  the  body  itself  in  discounts  in  which  he 
is  protected  by  the  reliable  manufacturer.  This  profit, 
while  attractive  to  the  dealer,  does  not  detract  seriously 
from  the  economies  effected  by  quantity  production. 

With  this  scheme  of  body  supply  the  dealer  not  only 
avoids  tieing  up  his  capital  in  carrying  a  stock  of  bodies 
but,  by  quicker  sales  and  more  especially  by  immediate 
delivery  and  collection,  he  is  able  to  reduce  the  time  his 
money  is  lying  idle  in  the  chassis  by  from  three  to  six 
weeks,  or  even  more  in  many  cases. 

Advantages  to  User 

That  which  helps  the  dealer  benefits  the  chassis 
builder  indirectly,  and,  to  a  great  extent,  the  advantages 
that  they  enjoy  are  passed  on  to  the  owner  and  operator. 
Better  bodies  at  more  attractive  prices  and  immediate 
delivery  are  the  first  of  these  benefits  to  appeal  to  the 
user.  When  he  finds  that  without  losing  any  of  these 
he  can  obtain,  generally,  exactly  what  he  wants  and, 
if  not,  a  body  designed  to  satisfy  his  actual  needs,  he 
is  not  likely  to  look  further  in  making  his  initial  pur- 
chase of  body  equipment.    It  is  after  purchase,  however, 


method ;  namely,  prompt,  effective  and  economical  service 
and  repair.  If  he  has  been  a  user  of  custom-built  bodies, 
individually  fitted  together  by  hand  by  body-builders, 
he  has  learned  that  they  are  usually  framed  so  that  in 
case  of  damage  it  is  almost  as  expensive  to  repair  a 
body  as  to  purchase  a  new  one.  Also,  he  has  found  that 
the  small  body-builder,  after  supplying  the  original  body, 
makes  no  pretense  of  giving  service  on  the  body.  Under 
these  conditions  the  user  not  only  has  to  pay  the  local 
small  shop  an  excessive  price  for  repairs  but  he  must 
bear  an  even  greater  expense  in  that  his  whole  invest- 
ment in  the  chassis  and  the  body  is  tied  up  and  his 
business  suffers  heavily  while  his  equipment  is  out  of 
commission. 

A  standardized  sectional  body  can  be  smashed  by 
collision  or  other  accident  and,  regardless  of  the  extent 
of  damage,  within  a  very  few  hours  any  damaged  piece, 
or  entire  sections,  can  be  replaced,  if  necessary.  The 
manufacture  of  interchangeable  body-parts,  reduced  to 
a  low  minimum  in  variety,  coupled  with  attention  in 
design  to  facilitating  replacement,  offers  about  all  that 
can  be  expected  reasonably  in  the  possibilities  of  quick, 
economical  repair. 

The  extent  to  which  these  possibilities  have  been 
realized  in  actual  practice  is  well  illustrated  by  three 
typical  cases.  One  of  the  large  accident-insurance  com- 
panies, in  the  settlement  of  a  claim  for  damages  to  a 
1-ton  truck  partially  wrecked  by  a  street-car  in  St.  Louis, 
undertook  recently  to  repair  a  standardized  sectional 
body.  Three  quotations  were  obtained,  two  from  local 
body-builders  and  one  from  the  body  builder's  local 
branch.  The  builders  each  required  2  weeks  to  put  the 
body  into  shape,  and  the  quotations  were  $168  and  $192, 
respectively,  while  the  body  builder's  branch  quoted  $52, 
naturally  got  the  job  and  actually  completed  the  repair, 
putting  in  a  new  side  and  a  new  panel,  in  2  hr.  time. 
A  Boston  truck-gardener  skidded  across  the  Charles 
Street  Bridge,  smashing  a  side-panel  and  part  of  the  top 
of  the  truck  body.  Having  but  the  one  truck,  he 
needed  it  every  day  and  could  not  afford  to  lay  it  up 
for  repair.  Fortunately  for  him,  it  was  a  standardized 
sectional  body,  and  the  builder's  branch  replaced  the 
side  panel  and  top  and  had  the  truck  back  on  the  street 
in  18  min.  A  dairy  company  operating  a  fleet  in  New 
York  City,  building  its  own  bodies  and  maintaining 
repair  and  paint  shops,  purchased  three  sectional  bodies 
because  they  had  to  have  equipment  at  once.  On  the 
first  day  of  operation  one  job  had  an  accident,  smashing 
a  side-panel  and  the  top  against  a  pillar  on  the  Third 
Avenue  elevated  railroad.  Finding  that  it  would  require 
2  weeks  to  make  the  repair  in  its  own  shop,  the  company 
appealed  to  the  body  builder's  local  branch,  which  turned 
the  job  out  in  the  regular  course  of  the  day's  work  in  less 
than  5  hr. 

Similar  examples  of  prompt  and  economical  service 
could  be  added  indefinitely,  but  these  are  typical  and 
indicate  what  has  been  accomplished.  The  fact  that  all 
parts  and  body  sections  are  built  on  thoroughly  co- 
ordinated jigs,  thus  insuring  easy  assembling  and  the 
perfect  fitting  of  all  parts,  makes  possible  such  excep- 
tional low  cost  and  speed  in  handling  repairs  and 
replacement. 

Standardization  of  Commercial  Cars  and  Trucks 

The  largest  builders  of  light  chassis  have  modified 
their  stripped  chassis  offered  for  commercial  purposes 
to    accommodate    the    mounting   of   existing   models    of 
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At  IKK   pointing  out   thuL  although   kerosene  1 
than  gasoline  at  the  present   time  and  is  a 
cheaper  fuel  for  the  farmer  to  use,  the  author  Btates 
that  if  the  industry  continues  to  construct  tractors  de- 
signed  to  use  kerosene  as  fuel  it  will  not  be  long  before 
the  cost  of  it  is  the  same  as  that  of  gasoline.     He  an 
that  automotive  engines  should  be  designed  to  rui 
any  liquid  fuel  and  gives  figures  on  thi  ile  supply 

of  petroleum  products  and  distillates  in  the  world  at  the 
present  time.  The  requirements  laid  down  by  the  1 1 
eminent  for  gasoline  are  mentioned  and  it  is  stated  that 
it  is  not  possible  for  the  oil  industry  to  supply  generally 
to  the  trade  a  gasoline  meeting  the  recently  adopted 
Government  specifications  which  the  author  considers  are 
very  lenient.  The  possibilities  of  utilizing  the  cracking 
process  to  increase  the  gasoline  supply  are  referred  to 
but  the  author  considers  it  economically  sounder  to  de- 
velop automotive  engines  to  run  efficiently  on  uncracked 
fuel,  pointing  out  what  has  been  done  abroad  in  devel- 
oping the  injection  type  of  engine  for  airplanes,  auto- 
mobiles and  tractors. 

A  table  giving  data  on  practically  all  of  the  liquid 
fuels  that  have  been  considered- in  the  past  rive  or  six 
years  is  presented  and  the  advantages  and  disadvan- 
tages of  these  are  brought  out,  together  with  informa- 
tion on  the  available  supply.  Considerable  attention  is 
paid  to  the  possibility  of  utilizing  the  various  farm- 
product  sources  of  alcohol  and  the  conclusion  is  reached 
that  such  utilization  is  not  practicable  under  the  present 
prices  that  are  being  paid  for  various  products.  Men- 
tion is  made  of  a  process  that  is  being  employed  in 
Switzerland  for  producing  alcohol  from  coal.  In  conclu- 
sion the  possibilities  of  utilizing  oil  shales  as  a  source 
of  fuel  are  emphasized. 

I  UNDERSTAND  that  you  are  interested  in  fuel  sub- 
stitutes, that  you  have  tried  to  construct  tractors 
to  utilize  kerosene  as  fuel  and  that  you  have  had 
trouble  with  kerosene.  If  I  ask  why  you  have  been  de- 
signing tractors  to  run  on  kerosene,  your  probable  an- 
swer will  be  t hat  kerosene  costs  much  less  than  gaso- 
line and  is  a  cheaper  fuel  for  the  farmer  to  use.  This 
condition  may  not  endure,  however.  It  is  as  difficult  to 
produce  kerosene  as  it  is  to  produce  gasoline.  If  you 
continue  to  construct  tractors  to  run  on  kerosene,  in  a 
short  time  kerosene  will  cost  as  much  as  gasoline. 

The  prices  in  Kansas  City  are  a  fair  example  of  the 
price  movement  of  kerosene  within  the  past  few  years. 
In  1917  the  market  price  there  was  6.8  cents  per  gal., 
but  that  price  had  increased  to  17.  G  cents  by  J  tine 
30,   1920.     In  1917  gasoline  was   1-  per  gal.  and 

by  June  30,  1920,  it  had  increased  to  26.2  cents.  The  in- 
crease in  the  price  of  gasoline  was  44  per  cent  and  that 
of  kerosene  160  per  cent.  Kerosene  in  1917  cost  only  37 
per  cent  of  what  gasoline  cost  at  Kansas  City;  in  1920 
it  cost  67  per  cent  of  what  gasoline  cost.  The  produc- 
tion of  kerosene  has  increased  very  little.  In  1909  we 
produced  40,000,000  bbl.  and  in  1919  55,000,000  bbl..  an 
increase  of  something  like  37  per  cent;  at  the  same  time 
gasoline  production  increased  from  15,000,000  to  94,000, 
000  bbl.,  an  increase  of  600  per  cent. 

Our  home  use  of  kerosene  reached  its  minimum  in 
1916;  it  was  very  small.    From  that  time  the  home  use 
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has  increased  and  the  exports  have  decreased.  There  is 
a  parallel  between  the  great  increase  in  price  and  the 
increase  in  home  use.  Tractors  came  into  use  after  1916 
in  tremendously  increasing  numbers  and  the  growing  use 
of  kerosene  in  tractor  operation  had  much  to  do  with  the 
rise  in  the  price  of  kerosene.  1  am  therefore  justified 
in  saying  that  the  more  tractors  arc  adapted  to  run  on 
kerosene,  the  higher  the  cost  of  kerosene  will  become. 
Before  the  development  of  anything  new  is  begun,  it  is 
of  extreme  importance  to  consider  carefully  the  fuel  sit- 
uation and  the  economic  conditions  that  must  be  met; 
otherwise  we  might  find  that  after  years  of  effort  we 
had  produced  something  of  no  economic  value  whatever. 
Regarding  the  present  necessity,  my  opinion  is  that 
engines  should  be  designed  so  that  they  will  run  on  any 
liquid  fuel;  not  only  to  run  on  gasoline  or  kerosene,  but 
on  a  mixture  of  the  two.  I  think  that  can  be  done.  I 
will  try  to  show  what  we  have  available  in  the  world 
today  in  the  way  of  petroleum  products  and  distillates  of 
petroleum,  so  that  we  may  know  the  rational  line  to  fol- 
low in  tractor  design  to  meet  the  fuel  situation  as  it  is. 

Available  Supply  of  Petroleum 

We  have  to-day,  according  to  David  White,  about 
7,000,000,000  bbl.  of  crude  oil  in  the  United  States  that 
can  be  extracted  from  the  ground  by  present-day 
methods  of  production.  Those  methods  are  very  inefficient. 
J.  O.  Lewis,  of  the  Bureau  of  Mines,  states  that  prob- 
ably about  50  to  70  per  cent  of  the  crude  oil  is  never 
extracted  but  remains  in  the  ground.  The  experts  in 
the  Bureau  of  Mines  have  accomplished  much  toward  im- 
proving the  methods  of  extracting  oil.  The  consumption 
of  crude  oil  in  the  United  States  at  present  is  over  400,- 
000,000  bbl.  per  year.  This  means  that  our  petroleum 
resources  may  be  exhausted  in  something  like  14  or  15 
years.    The  question  is,  what  will  happen  then? 

We  know  that  long  before  such  a  condition  occurs  pro- 
duction will  commence  to  drop.  Mr.  White's  estimate 
seems  to  be  that  the  maximum  production  of  crude  oil 
for  the  United  States  will  occur  about  the  year  1925.  Up 
to  that  time  we  will  produce  450,000,000  bbl.  of  crude 
oil  per  year;  after  that  the  United  States'  production  will 
go  down.  We  actually  consume  in  this  country  about 
450,000,000  bbl.  per  year  at  present;  so,  from  1925  on, 
it  will  be  a  physical  impossibility  for  this  country  to  pro- 
duce the  crude  oil  it  needs.  Where  is  the  remainder  to 
come  from.  During  the  war  we  were  looking  for  substi- 
tutes such  as  alcohol  and  benzol.  We  found  we  had  tre- 
mendous shale-oil  resources.  We  found  also  that  there 
are  very  large  petroleum  resources  outside  of  the  United 
States.  At  the  Petroleum  Congress  in  November,  1920, 
in  Washington,  the  predominant  note  was  that  we  ought 
to  be  able  to  get  into  all  oil  fields  beyond  the  boundaries 
of  the  United  States,  no  matter  where  they  are,  on  an 
equal  footing  with  everyone  else  and  derive  our  oil  mainly 
from  abroad. 

In  1919  we  imported  53,000,000  bbl.  of  oil  from  Mex- 
ico. We  exported  60,000,000  bbl.  of  petroleum  products. 
We  could  have  eliminated  the  importation  if  we  had  kept 
all  our  petroleum  products  at  home.  However,  at  pres- 
ent we  are  importing  from  Mexico  60,000,000  to  70,000,- 
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world  for  our  crude  oil  supply  to  the  extent  of  perhaps 
20,000,000  bbl.  The  question  is,  can  we  continue  to  do 
that?  The  best  estimates  that  can  be  procured  are  made 
by  Eugene  Stebinger,  of  the  United  States  Geological 
Survey,  who  is  an  expert  on  foreign  oil  fields.  There  is 
a  small  supply  in  Canada;  in  Mexico  about  4,500,000,- 
000  bbl.;  in  Northern  South  America,  including  Peru, 
5,700,000,000  bbl. ;  and  in  Southern  South  America  about 
3,500,000,000  bbl.  That  includes  about  all  the  supplies 
of  oil  in  this  hemisphere.  We  find  oil  in  quantities  of, 
roughly,  5,500,000,000  bbl.  available  in  Persia  and  Meso- 
potamia, 5,500,000,000  bbl.  in  Russia  and  3,000,000,000 
bbl.  in  the  East  Indies. 

Can  we  get  this  oil  if  we  want  it?  Here  we  are  faced 
with  a  most  startling  situation.  It  appears  that  while 
we  have  been  exhausting  our  natural  resources  at  a  ter- 
rific rate,  Great  Britain  has  put  oil  resources  under  her 
commercial  and  in  some  cases  her  political  sway,  all  over 
the  globe.  She  controls  at  present,  directly  and  indi- 
rectly, 75  per  cent  of  the  world's  future  oil  supply.  The 
oil  in  Persia  is  controlled  by  an  agreement  with  the  Per- 
sian Government.  The  oil  in  Mesopotamia  is  controlled 
jointly  by  France  and  England.  Holland  shuts  out  all 
nationals  except  the  Dutch  from  the  exploitation  of  oil 
in  Java.  In  other  places  British  capital  simply  is  in 
control.  We  must  compete  with  Great  Britain  to  obtain 
oil  from  the  countries  on  this  side  of  the  globe. 

If  we  do  not  want  to  be  dependent  upon  foreign  coun- 
tries for  our  fuel  supply,  we  must  face  the  situation  that 
within  three  or  four  years  we  cannot  supply  our  present 
need  of  crude  petroleum,  and  look  for  available  substi- 
tutes that  we  can  get  within  the  boundaries  of  the  United 
States.  In  seeking  a  substitute  for  petroleum  we  might 
perhaps  not  wish  to  substitute  something  akin  to  crude  oil. 
We  do  not  use  the  oil  as  crude  oil;  in  most  cases  we  use  it 
in  other  forms.  In  1919  this  country  consumed  88,000,- 
000  bbl.  of  gasoline.  The  total  amount  of  gasoline  ex- 
tracted from  crude  petroleum  was  slightly  over  23  per 
cent;  that  is  more  gasoline,  so-called,  than  is  actually 
obtained  in  petroleum  naturally.  The  specifications  is- 
sued originally  showed  that  gasoline  was  the  portion 
that  distilled  over  below  150  deg.  cent.;  that  is,  below  300 
deg.  fahr.  We  know  nothing  of  such  gasoline  to-day. 
The  Government  now  specifies  three  grades  of  gasoline; 
first,  the  finer  grade  of  aviation  gasoline  that  has  an 
end-point  of  329  deg.  fahr.;  second,  the  domestic  grade 
of  aviation  gasoline  that  must  distill  over  below  374  deg. 
fahr.,  and  third,  ordinary  engine  gasoline  used  for  pas- 
senger cars  and  trucks,  which  musfdistill  over  below  437 
deg.  fahr.,  an  increase  over  former  Government  speci- 
fications which  called  for  425  deg.  fahr.  The  question 
arises  whether  those  specifications  are  actually  met  at 
present.  The  Bureau  of  Mines  conducted  an  investiga- 
tion in  seven  of  the  largest  States.  It  was  found  that 
there  was  a  great  quantity  of  gasoline  in  each  of  these 
States  that  did  not  meet  the  very  lenient  requirements, 
and  further  that  the  average  gasoline  for  the  country  did 
not  meet  them  and  that  the  average  gasoline  in  the 
United  States  had  an  end-point  of  456  deg.  fahr.  At 
present  it  is  not  possible  for  the  oil  industry  to  supply 
generally  to  the  trade  a  gasoline  meeting  the  most  leni- 
ent specifications  that  the  Government  considers  it  ad- 
visable to  adopt.  This  means  that  we  are  faced  with 
an  emergency. 

Boiling  Points  and  Specific  Gravity 

I  wish  to  comment  upon  our  unfortunate  habit  of  buy- 
ing  gasoline   by   its   specific-gravity   rating.     What   we 

Timnf     is     «a     -filial     fViot-     ^*ro     ^>qii      cori/1     +Vt  v*/-»n  rrV»     4-Vi 


and  the  inlet-manifold  to  be  picked  up  readily  by  the  air 
and  go  as  a  uniform  mixture  into  the  cylinders.  This 
requires  a  certain  volatility;  that  the  fuel  evaporate 
easily;  that  the  boiling  point  have  a  certain  maximum 
value  and  that  the  heat  of  evaporation  be  not  beyond  a 
certain  maximum  value.  But  it  makes  no  difference  what 
specific  gravity  the  fuel  has.  Alcohol  and  benzol  weigh 
considerably  more  per  gal.  than  gasoline.  Benzol  distills 
over  entirely  at  176  deg.  fahr.  and  alcohol  at  172  deg. 
fahr.  They  are  both  very  much  more  volatile  than  gaso- 
line so  far  as  the  boiling  point  is  concerned,  and  yet 
they  are  heavier.  So,  we  must  remember  the  boiling 
points  and  disregard  the  specific  gravity.  Selling  gas- 
oline by  its  specific-gravity  rating  may  be  of  advantage 
to  the  oil  companies.  They  may  produce  an  oil  having 
very  heavy  fractions  that  they  mix  with  light  fractions. 
This,  however,  may  result  in  a  fuel,  part  of  which  will 
not  evaporate  in  the  manifold  at  all,  while  part  will  be 
so  volatile  as  to  be  inconvenient  and  dangerous.  The 
Baume  scale  will  show  it  to  be  all  right  as  regards  spe- 
cific gravity,  but  as  a  fuel  it  is  all  wrong.  One-half  of 
it  is  too  light  and  the  other  half  is  too  heavy  to  evap- 
orate. We  should  eliminate  the  buying  of  fuel  by  its 
specific-gravity  rating;  we  should  buy  it  by  its  distilla- 
tion test. 

Cracking 

It  is  a  serious  matter  that  the  average  gasoline  of  the 
United  States  does  not  meet  what  the  Government  con- 
siders a  satisfactory  specification  for  gasoline.  The  oil 
companies  have  been  forced  to  adopt  this  deteriorated 
grade  of  gasoline  on  account  of  the  automotive  demand. 
We  have  come  to  the  point  where  there  is  one  automo- 
bile for  ever  12  inhabitants  of  this  Country.  One  can 
calculate  readily  the  enormous  demand  thus  constituted. 
It  is  a  demand  that  cannot  be  supplied  without  straining 
our  idea  of  what  gasoline  is  and  adopting  new  production 
methods.  One  method  now  being  used  is  to  compress 
and  refrigerate  natural  gas.  In  that  way  we  obtain  so- 
called  casing-head  gasoline;  present-day  gasoline  con- 
tains about  7  per  cent  of  it.  We  can  crack  low-grade  oil 
and  produce  gasoline.  The  Standard  Oil  Co.  has  done 
that  for  a  long  time,  using  the  Burton  process  of  crack- 
ing under  pressure.  The  Bureau  of  Mines  has  worked 
out  another  method,  the  Rittman  process,  which  also  pro- 
duces gasoline  from  raw  fuel.  The  Burton  process  is  a 
commercial  success  and  present-day  gasoline  contains 
about  8  to  10  per  cent  of  cracked  gasoline.  The  Rittman 
process  seems  to  be  a  success,  judging  from  the  pub- 
lished reports,  but  its  use  has  not  spread  very  fast.  By 
those  two  processes  it  is  possible  to  produce  from  heavy 
and  from  light  distillates  a  large  quantity  of  gasoline. 
Rittman  claims  that  he  can  convert  80  per  cent  of  the 
original  oil  into  gasoline.  This  would  mean  that  we  would 
have  twice  as  much  gasoline  as  we  use  and  need  in  this 
country  at  present,  or  for  some  time  to  come.  Arthur  D. 
Little,  Inc.,  a  chemical  engineering  firm  in  Boston,  has 
issued  a  pamphlet  which  seems  to  indicate,  as  its  opin- 
ion, a  cracking  limit  of  60  or  70  per  cent.  From  our 
present  production  of  crude  oil  we  could  then  produce  by 
cracking  something  like  300,000.000  bbl.  of  gasoline,  and 
that  would  supply  our  automotive  needs  for  some  time. 

Injection-Type  Automotive  Engine 

However,  cracking  involves  labor  and  considerable  ma- 
terial. If  we  can  develop  automotive  engines  to  run  ef- 
ficiently on  uncracked  fuel,  this  would  certainly  be  a 
sounder  solution  of  the  fuel  problem  than  cracking.     It 
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that  utilize  uncracked  fuel,     in  Germany,  the  Junkers 

airplane  engine  also  aeema  able  to  do  this.     It  is  an  in- 

engine,  operating  on  a  somewhat   modified 

Diesel  principle.  In  France  the  Bellern  and  Bregeras  en- 
gines, operating  on  a  more  modified  injection  principle, 
have  been  successful  in  automobile  operation  on  kerosene. 
In   England   the   Blackstone   injection   engine   has 

adapted  to  a  tractor;  and  news  has  come  of  the  Stein- 
or  injection  engine  being  adapted  to  automobiles  in 
Germany.  So  the  injection-type  automobile  engine  is  al- 
ready more  than  a  dream.  Very  possibly  we  have  not  in 
this  country  at  the  present  time  an  injection  engine  that 
couid  be  turned  over  to  an  untrained  farmhand  to  oper- 
ate.    But  if  one-tenth  of  the  effort    imw    spent   on 

ireting  engine  were  concentrated  on  the  automotive 
injection  engine,  it  is  certainly  not  unreasonable  to 
pect  that  we  would  have  a  practical  automotive  injei 
engine  in  a  short  time. 

The  great  trouble  is  that  the  carl  ngine  in  au- 

tomotive Bervice  is  extremely  inefficient  When  running 
cars  on  the  road  we  do  not  use  nunc  than  20  per  cent  of 
the  maximum  power  of  the  engine.  With  such  loads  150 
per  cent  more  fuel  per  horsepower-hour  is  required  than 
at  full  load,  while  the  Diesel  or  injection  engine  will  run 


-..  Jan.  27.  1921,  p.  18B. 
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more  economically   at    one-halt'  than  at  full  load,  and  at 

one-quarter  load   may    requin ly   15  per  cent  more 

fuel   per   horsepower-houi    than   at   full   load.     [   think 

the    present    situation    indi(  iai    the    latter    type    is 

the  most  desirable  engine.    With  its  aid  we  could  save 

50    per    cent     of    our    fuel.       Instead    of    ha-,  ing    OUT    fuel 

invs   exhausted   in    16   years,    they    would   not   be- 

S    exhausted    in    less    than    30    years.      This    sort    of 

thing  is  being  done  in  Germany  and  it  can  be  done 
here.  We  ought  to  worry  about  this  more  than  about 
fuel  substitutes.  Commenting  on  the  attempts  that  have 
been  made  to  improve  the  performance  of  the  carbureter 
engine,  a  trade  paper'  slates  thai  by  introducing  an  extra 
inlet-valve  on    the  which    is    never    throttled,   the 

mileage  on  automobiles  has  been  doubled.  The  paper  by 
A.  L.  Nelson  on  the  Fuel  Problem  in  Relation  to  Engi- 
neering Viewpoint  i  ontains  other  suggestions  about  how 
to  obtain  fuel  economy.  These  papers  should  be  read 
with  eieat  care  and  the  suggestions  contained  therein 
followed. 

Si  BSl  m   ii     Fl  i  I 

Table  1  shows  about  all  of  the  liquid  fuels  that  have 
been  considered  during  the  last  live  or  six  years.  It  in- 
cludes the  fuels  that  were  developed  in  Germany  under 
war  stress.  The  Germans  had  no  crude  oil,  but  they  had 
available  and  used  some  of  the  fuels  in  Table  1. 


TABLE   t 

Hi    IT  VALUES  AND  AIR  REQUIREMENTS  OF  VARIOUS    M    rOMOTIVI     FUELS' 

l-'uel 

bi  '    n    ii'    Analysis,  ecu  ci  nt 

Average 

i 

Heat  Value, 

rheoretical 
Air  Require- 
ment per  Lb. 

of  Fuel,  lb. 

Boiling 
Point, 
fahr. 

Heat  of 

Evapora- 

( larbon 

Hydrogen 

Niti 

Sulphur 

B.t.u.  per  lb. 

per  lb. 

Coke  Oven  Tai 

39  15 

6.59 

3.96' 

14,700  15,700 

12  3 

<  !ommercial  Benxol 

91.50 

:  so 

17,300 

13  3 

176 

167 

•  'r.-osote  Oil 

vll    11 

9.70 

8.90" 

1.30 

15,600 

12  5 

Crude  Oil 

84.00 

12  00 

1.00- 
4. 00' 

17.000-21,000 

13.9 

Ethyl  Alcohol'  95'  . 

13.14 

::i  71 

10,800 

8.6 

172 

372 

1  Alcohol'  90% 

52.12 

13  14 

34.74 

10,200 

S.2 

L72 

372 

Fuel  Oil 

86.30 

12.50 

1  20' 

18,0iio  | 

14.0 

( !as  Oil 

86.30 

12  65 



18,000 

1  1    1 

300-750 

300" 

TaT 

89.45 

3.96' 

14,700-15,700 

12.3 

iline 

85.10 

14.90 

18,000 

15.0 

140-437'8 

150 

Kero 

85.20 

1  1   L2 

0.60 

19,000 

14.8 

292  MX)12 

250" 

Methyl  Alcohol 

37.50 

L2.50 

50  00 

8,400 

6.5 

150 

480 

Naphthalene 

93.75 

6.25 

17,300 

13.0 

122 

Sulphuric  Ether 

65.00 

13.50 

21.50 

15,900 

11.3 

96 

162 

Tohiol 

91.50 

8.50 

IS. 300 

13.5 

232 

150 

91.00 

7.40 

1.60" 

16.200 

13.0 

' 

90.60 

ti   10 

18,500 

13.8 

288 

146 

•From  a.  bulletin  of  the  Ohio  State  University. 
■From  dry  distillation  especially  In  vertical  retorts. 

'95  per  cent  by  weight.      Tl  is  that  of  pure  100  per  cent  alcohol. 

nt  by  weight.       The  compos  i  is  that  of  pure  100  per  cent  alcohol. 

"Approximate  average. 
Total  of  nitrogen,  oxygr-n  and  sulphur. 
'•Total  of  nitrogen  and  oxveen. 
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Gas  oil  is  available  in  this  country  in  small  quantities 
and  we  throw  it  away.  The  gas  works  use  it  to  enrich 
illuminating  water-gas,  but  there  is  no  need  of  this.  In 
former  days,  when  we  used  open-flame  gas-jets,  we  needed 
a  luminous  flame;  now  we  use  gas-mantles  and  want  a 
non-luminous  flame.  We  do  not  need  rich  gas  for  light- 
ing purposes  now;  city  ordinances  that  require  the  gas 
companies  to  enrich  illuminating  gas  with  gas  oil  are 
antiquated  and   unintelligent. 

Benzol  has  been  tried  out  as  a  fuel  by  the  Germans. 
It  is  obtained  as  a  by-product  from  the  manufacture  of 
gas  in  this  country  and  we  get  about  4,400,000  gal.  per 
year  in  this  way.  As  a  by-product  from  coke  ovens  we 
secure  about  44,000,000  gal.,  so  that  the  total  supply  of 
benzol  in  this  country  is  about  50,000,000  gal.  per  year. 
That  could  be  increased  very  largely  if  we  coked  all  of 
the  500,000,000  tons  of  coal  we  use  in  this  country  per 
year.  We  would  obtain  2  gal.  of  benzol  per  ton  of  coal, 
or  1,000,000,000  gal.  or,  roughly,  20,000,000  bbl.  of  ben- 
zol, which  is  much  less  than  we  need.  We  need  100,000,- 
000  bbl.  of  automotive  fuel  at  the  present  rate  of  using 
it;  so,  the  benzol  would  supply  one-fifth  of  what  we  need. 
Benzol  contains  less  hydrogen  than  petroleum,  develops 
fewer  heat  units  per  pound,  requires  somewhat  less  air 
per  pound,  is  very  volatile  and  boils  at  176  deg.  fahr. 
It  is  a  very  good  fuel  so  far  as  those  qualities  go,  but 
when  it  is  used  in  internal-combustion  engines  there  are 
certain  things  to  guard  against. 

Benzol  is  apt  to  contain  a  substance  akin  to  resin  called 
cyclopentadiene,  which  has  a  tendency  to  close  up  the  fuel 
passages  in  time.  That  is  not  a  very  serious  trouble  but 
benzol  must  be  purified  with  acid  to  eliminate  the  cyclo- 
pentadiene. Another  trouble  is  that  benzol  dissolves 
shellac  and  is  likely  to  dissolve  the  coating  on  the  car- 
bureter float.  For  that  reason  the  float  should  be  made 
of  metal.  If  a  low  compression  pressure  is  used,  benzol 
tends  to  form  a  fluffy  carbon  deposit  in  the  cylinders. 
That  is  not  serious  if  a  higher  compression  is  used  than 
is  customary  with  gasoline;  it  is  eliminated  entirely  if 
benzol  and  alcohol  or  gasoline  and  benzol  are  mixed. 
There  are  varying  statements  regarding  carbon  deposits 
when  using  benzol  as  fuel.  The  National  Automobile 
Chamber  of  Commerce  made  an  investigation  during  the 
war  by  running  a  six-cylinder  Continental  engine  on 
benzol.  There  was  no  trouble  from  carbon  formation; 
the  engine  ran  very  economically  and  generated  more 
power  than  it  did  on  gasoline.  Thomas  Midgley,  Jr.  and 
others  say  they  have  trouble  with  this  fluffy  carbon  in 
low-compression  engines;  so,  one  must  be  prepared  for 
such  trouble  if  these  engines  are  used.  Benzol  is  being 
used  in  this  country  and  in  Germany  to  a  considerable 
extent  at  present. 

The  farmer  has  been  told  that  he  could  use  his  corn 
and  potatoes,  corn-stalks  and  the  like,  by  turning  them 
into  alcohol.  In  the  city,  garbage  can  be  converted  into 
alcohol  successfully.  Anything  that  has  starch  of  sugar 
in  it  can  be  turned  into  alcohol.  One  bushel  of  potatoes 
will  make  about  %  gal.  of  95-per  cent  alcohol  and  we 
could  get  2  bbl.  of  alcohol  from  an  acre  of  potatoes  if 
about  110  bu.  per  acre  were  raised.  In  Maine  they  grow 
400  bu.  of  potatoes  per  acre.  At  the  rate  of  2  bbl.  of  alco- 
hol per  acre  of  potatoes,  50,000,000  acres  would  have  to 
be  used  to  produce  alcohol  enough  to  supply  the  automo- 
tive needs  of  the  country ;  which  is  not  a  very  large  acre- 
age. The  total  farm  acreage  in  the  United  States  is  over 
800,000,000  acres,  and  the  cultivated  acreage  is  between 
400,000,000  and  500,000,000  acres.  So,  it  would  amount 
to  taking  about  5  per  cent  of  the  farm  land,  or  10  per 


producing   alcohol    for   internal-combustion   engine  fuel. 

One  bushel  of  corn  will  yield  2.7  gal.  of  95-per  cent 
alcohol.  If  28  bu.  of  corn  per  acre  are  grown,  we  can 
again  get  2  bbl.  of  alcohol  per  acre.  That  may  be  a 
larger  figure  than  the  average  yield  of  corn  per  acre  for 
the  entire  country,  but  it  can  be  obtained.  There  again 
we  would  need  5  per  cent  of  the  farm  land  or  10  per  cent 
of  the  cultivated  farm  acreage  to  plant  to  corn  to  be 
turned  into  alcohol.  From  the  standpoint  of  acreage 
that  would  be  satisfactory  but  from  the  standpoint  of 
price  it  is  not.  If  we  desire  to  buy  alcohol  at  40  cents 
per  gal.,  potatoes  must  be  sold  for  15  cents  and  corn  for 
50  cents  per  bu.  That  would  not  please  the  farmer.  It 
has  been  suggested  that  waste  potatoes  and  culls  be  used 
for  this  purpose,  and  that  probably  is  the  only  method 
we  could  countenance  in  the  United  States.  The  situa- 
tion is  different  in  Europe.  During  the  war  gasoline  cost 
nearly  $2  per  gal.  in  most  of  the  European  countries;  it 
cost  over  4  shillings  in  England.  Under  such  conditions 
of  price  it  is  profitable  to  turn  potatoes  and  corn  into 
alcohol. 

Could  we  not  turn  waste  products  such  as  straw  into 
alcohol?  It  is  possible  to  convert  10  per  cent  of  the 
wheat  straw  into  alcohol.  If  we  figure  1  ton  of  straw  to 
every  acre  of  wheat  land  in  the  country,  that  gives  about 
40,000,000  tons  of  straw  available  for  making  alcohol.  It 
has  been  estimated  that  20,000.000  bbl.  of  alcohol  could 
be  produced  from  the  straw.  Some  people  have  thought 
this  is  the  solution  of  the  problem.  Henry  Ford  is  build- 
ing a  plant  at  Detx-oit  to  produce  alcohol  from  straw. 
The  trouble  is  that  the  straw  cannot  be  left  until  the 
kernel  of  the  grain  ripens.  Straw  loses  one-half  of  its 
alcohol-yielding  properties  when  it  becomes  dry.  Another 
obstacle  is  the  high  cost  of  collecting  the  straw  from  large 
areas  to  produce  alcohol  in  vast  quantities.  While  it  may 
not  be  profitable  to  turn  straw  into  alcohol,  it  may  be 
possible  to  turn  the  straw  into  gasoline,  although  hardly 
for  other  than  stationary-engine  use. 

Sulphite  liquor  is  obtained  in  paper  mills  as  a  by- 
product from  cellulose  that  is  manufactured  into  paper. 
The  alcohol  we  could  get  from  that  source  amounts  to 
less  than  1,000,000  bbl.  Sawdust  has  also  been  turned 
into  alcohol  in  Europe.  The  sawdust  is  treated  with  sul- 
phuric acid.  The  total  amount  of  sawdust  available  from 
all  the  sawmills  in  the  United  States  would  yield  less  than 
1,000,000  gal.  of  alcohol. 

A  most  interesting  way  to  produce  alcohol  from  coal 
has  been  developed  in  Europe.  Calcium  carbide,  which  is 
a  combination  of  limestone  and  carbon,  is  produced  first 
and  by  the  action  of  water  acetylene  is  obtained.  The 
next  process  produces  aldehyde  and  alcohol  is  produced 
finally.  That  is  the  way  they  do  it  in  Switzerland.  At 
the  prewar  rate  of  exchange  the  cost  is  less  than  30  cents 
per  gal.  Yet  the  prewar  power  cost  was  high,  about  V2 
cent  per  hp-hr.,  but  coal  was  higher,  about  $8  per  ton 
in  this  calculation.  It  appears  to  be  a  good  proposition 
in  that  it  requires  only  coal,  limestone,  water  vapor  and 
some  sulphuric  acid  to  produce  alcohol.  This  has  been 
done  commercially  abroad.  The  Swiss  Government  has 
control  of  the  companies  that  produce  in  this  way.  We 
could  do  that  here  but  we  would  need  about  16,000,000 
hp.  to  produce  all  the  alcohol  we  need  to  run  our  auto- 
motive apparatus.  The  total  water-power  of  the  country 
has  usually  been  estimated  at  25,000.000  hp.  on  an  all- 
year  basis.  On  a  six-months'  basis  we  have  50,000,000 
hp. ;  so,  it  is  feasible  to  do  this. 

Alcohol  itself  attacks  iron  and  copper  worse  than 
benzol  does;  it  contains  a  certain  amount  of  water  and 
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ing  alcohol  is  used,  combustion  will  develop  acetic  acid 

and  aldehyde  and  that  may  corrode  the  cylinders.  When 
using  alcohol,  the  fuel  tanks  and  fuel  ducts  should  be 
lead-lined  and  precautions  taken  against  running  on  an 
over-rich  mixture.  The  London  General  Omnibus  Co. 
found  the  mixture  of  alcohol  and  benzol  satisfactory  in 
London.  We  would  not  !iml  it  satisfactory  here  because 
it  gives  a  leas  number  of  miles  per  gallon  in  winter  than 
gasoline.  Roughly,  only  6  miles  per  gal.  can  be  obtained 
with  alcohol  and  benzol  mixed  half-and-half,  as  compared 
with  more  than  7  miles  per  gal.  on  gasoline.  Alcohol  has 
the  advantage  of  being  a  very  fine  carbon  remover. 

Naphthalene  is  a  solid  but  melts  at  68  deg.  fahr.  Mix- 
ing it  with  benzol,  for  instance,  gives  a  liquid  fuel  that 
operates  very  well.  It  is  being  used  in  Paris.  Only  small 
quantities  of  naphthalene  are  available.  Ether  is  of 
some  interest  as  an  engine  fuel.  It  has  the  same  chem- 
ical constituents  as  alcohol.  The  only  difference  is  that 
it  has  a  boiling  point  of  96  deg.  fahr.;  alcohol  has  a 
higher  boiling  point.  Ether  mixed  with  alcohol  makes  a 
mixture  that  starts  an  engine  easily  in  cold  weather.  It 
Is  sold  in  England  under  the  trade  name  of  Natalite. 
Some  official  results  of  tests  by  the  Royal  Automobile 
Club  of  Great  Britain  show  that  it  is  a  very  good  fuel. 
lit  her  is  produced  from  alcohol  by  the  action  of  sulphuric 
acid  and  so  costs  more  than  alcohol.  In  South  Africa 
Xatalite  sells  for  3  shillings  per  gal.  as  against  4  shillings 
for  gasoline. 

As  an  engine  fuel  benzol  has  a  very  unpleasant  prop- 
erty; it  solidifies  at  40  deg.  fahr.  Toluol  and  xylol  are 
substances  nearly  akin  to  benzol  and  are  obtained  in  the 
same  process.  If  they  are  mixed  with  benzol,  the  freez- 
ing point  is  lowered  somewhat.  It  is  lowered  still  more 
by  mixing  gasoline  with  alcohol.  A  fuel  mixture  that 
solidifies  at  about  4  deg.  fahr.  is  secured.  This  is  what 
Germany  used  during  the  war.  The  best  test  informa- 
tion we  have  is  to  the  effect  that  in  Germany  a  mixture 
of  one  part  of  alcohol,  one  part  of  benzol  and  one  part 
of  kerosene  gave  better  results  in  economy  and  power 
than  any  other  fuel  in  existence.  It  was  better  than 
gasoline  and  better  than  benzol  and  alcohol.  It  is  the 
fuel  especially  recommended  by  Professor  von  Loew,  who 
has  conducted  most  of  the  tests  in  Germany. 

With  a  fuel  that  contains  alcohol  and  benzol  the  engine 
compression  can  be  increased.  If  this  is  done  with  the 
present-day  gasoline  or  kerosene,  a  knock  is  produced. 
Alcohol  and  benzol  will  not  produce  a  knock.  They  burn 
slowly.  For  that  reason  the  compression  can  be  increased 
to  200  lb.  per  sq.  in.  When  that  is  done,  better  power 
can  be  obtained  from  the  alcohol  mixture  than  from  gaso- 
line. If  we  increase  the  compression  in  engines,  provide 
a  lead  lining  for  the  fuel  ducts  and  see  to  it  that  a  lean 
mixture  is  used,  there  is  no  reason  why  we  cannot  run 
an  engine  on  a  mixture  of  benzol  and  alcohol;  or  benzol, 
alcohol  and  gasoline;  or  alcohol  and  ether;  and,  perhaps 
other  mixtures,  obtaining  as  good  results  as  we  do  now 
from  gasoline.  However,  as  I  have  tried  to  point  out, 
the  obstacles  that  prevent  the  utilization  of  these  possi- 
bilities are  their  excessive  cost  and  the  enormous  quan- 
tities we  need.  The  best  we  could  do  is  to  produce  alco- 
hol by  utilizing  our  water-power,  and  benzol  from  all  the 
coal  we  use.  Even  so,  however,  it  would  be  hard  to  pro- 
duce enough  of  the  two  to  meet  our  automotive  needs. 
Important  quantities  could  be  produced  if  the  emergency 
arose,  but  I  do  not  think  this  will  ever  be  necessary. 

Shale  Oil 


oil  shale.     1  do  not  give  my  own  unsupported  opinion. 

ir  i'.  Alderson,  president  of  the  Colorado  School  of 
.Mines,  has  made  oil  shales  his  life  Btudy,  He  has  been 
criticized  as  over-optimistic,  but  his  figures  are  worth 
something.  I  quote  from  a  circular  he  issued  that  covers 
the  status  of  oil  shale  in   L920  and   ■  est   infor- 

On  on  the  subject. 

There  are  enormous  deposits  of  oil  shale  in  the  Uniti 
Slates.     The  shale  contains  a  substance  called  "kero- 

which  when  heated   is  distilled  into  oil.     B\ 
tnrting  this  oil  shale,  oil  is  obtained   in  varying  quanti- 

Tests  in  Colorado  have  given  an  average  yield 
of  about  20  gal.  per  ton  of  shale.  However,  there  are 
deposits  that  yield  50  gal.  per  ton  of  shale  and  in  some 
cases  90  gal.  Shale  in  Canada  has  been  tested  that 
yields  120  to  130  gal.  per  ton  of  shale.  The  rich  shale 
will  be  the  first  to  be  worked  for  commercial  purposes. 
We  have  all  kinds  of  shale  in  Colorado;  enough  to 
yield  about  L'0,000,000,000  bbl.  of  oil,  so  far  as  we  know. 
According  to  the  best  estimates  of  the  United  States 
Geological  Survey,  there  is  enough  shale  in  southwest- 
ern Indiana  to  yield  100,000,000,000  bbl.  of  oil.  New 
deposits  have  been  discovered  recently  in  California 
which  are  of  considerable  importance.  In  other  words, 
shale  will  provide  oil  resources  to  last  for  many  genera- 
tions. We  were  all  interested  in  shale  oil  during  the 
war.  The  Government  made  some  investigations  and 
so  did  other  organizations,  but  we  must  tackle  the  prob- 
lem in  earnest  and  learn  the  methods  of  working  oil 
shale.  We  must  create  new  methods.  It  must  not  be 
forgotten  that  to  supply  our  automotive  fuel  needs,  we 
must  mine  as  much  shale  as  we  now  mine  coal.  The 
development  of  this  immense  industry  is  a  tremendous 
problem,  but  we  shall  have  from  15  to  30  years  in  which 
to  work  it  out.  We  should  start  right  now,  and  learn 
how  to  retort  the  shale,  so  as  to  utilize  the  oil  it  contains. 

At  present  such  firms  as  the  Standard  Oil  Co.,  the  Ohio 
Cities  Gas  Co.  and  other  large  financial  interests  have 
bought  a  large  number  of  shale  properties  and  we  have 
shale-oil  plants  operating  on  a  commercial  basis.  The 
Catlin  plant  at  Elko,  Nev.,  has  produced  oil  from  shale 
at  a  price  of  $1.25  per  bbl.  of  oil.  That  would  be  about 
3  cents  per  gal.,  a  great  difference  from  30  cents  per 
gal.  for  gasoline.  E.  W.  Hartman,  president  of  the 
United  States  Producers  Refining  Co.,  which  has  bought 
about  1000  acres  of  oil  land  in  California,  estimates  that 
his  company  can  obtain  shale  oil  for  65  cents  per  bbl., 
which  is  very  much  less  than  we  are  paying  for  crude  oil 
in  the  Mid-Continent  field.  Plants  are  being  erected 
throughout  the  West  and  commercial  research  is  being 
carried  out. 

Even  so,  however,  there  is  less  enthusiasm  over  shale 
oil  in  this  country  than  in  England,  in  spite  of  the  fact 
that  they  are  having  trouble  there.  They  have  rich  shale 
deposits,  but  this  shale  contains  sulphur.  The  problem 
for  England  is  how  to  remove  the  sulphur  and  that  is 
difficult.  To  solve  it  the  University  of  Birmingham  has 
obtained  donations  of  not  less  than  $625,000  through 
various  oil  companies  in  England  to  carry  out  research 
work  on  how  to  remove  sulphur  from  shale.  We  have 
no  such  trouble  in  this  country  with  the  oil  shale.  Our 
trouble  is  that  perhaps  some  interests  will  continue  to 
advocate  obtaining  crude  oil  from  South  America  and 
that  we  will  neglect  the  production  of  shale  oil  in  this 
country  on  a  commercial  basis.  On  the  whole  .1  can 
hardly  do  better  than  to  quote  verbatim  the  optimistic 
conclusion  of  Mr.  Alderson. 

Close  observers  have  known  of  the  possibilities  of  oil 
shale  for  years,  but  not  until  the  past  vear  have  lav- 
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of  the  subject  and  its  great  possibilities.  The  action 
of  such  strong  financial  organizations  as  the  Union  Oil 
Co.  of  California,  the  Pure  Oil  Co,  the  Ohio  Cities  Gas 
Co.,  the  Carter  Oil  Co.,  the  Standard  Oil  Co.  and  the 
Midwest  Oil  Co.  in  the  United  States;  the  Anglo-Amer- 
ican Co.  and  the  Anglo-Persian  Oil  Co.  of  London;  and 
the  Var  Coal  &  Oil  Co.  of  France,  in  acquiring  land  and 
investigating  the  method  of  treatment  of  oil  shales, 
points  unerringly  to  the  early  establishment  of  the  in- 
dustry on  a  commercially  productive  basis,  so  that  the 
United  States  need  have  no  apprehension  whatever 
about  its  domestic  supply  of  crude  oil,  virtually  for  all 
time. 

THE  DISCUSSION 

W.  G.  Clark: — With  a  mixture  of  alcohol,  kerosene 
and  benzol,  what  engine  compression  is  used? 

Prof.  C.  A.  Norman  :  —  Mixtures  like  that  have  been 
tried  out  by  the  London  General  Omnibus  Co.  The  final 
compression  used  was,  I  think,  about  120  lb. 

Mr.  Clark: — When  you  said  that  this  mixture  of  al- 
cohol, kerosene  and  benzol  is  superior  to  gasoline,  did 
you  mean  that  it  is  superior  in  the  same  engine? 

Professor  Norman: — The  data  I  have  seen  do  not 
cover  this  point  explicitly,  but  my  impression  is  that  the 
same  car  and  engine  are  meant. 

Mr.  Clark: — In  a  mixture  such  as  that  do  the  detri- 
mental effects  of  benzol  as  regards  the  attacking  of  the 
metals  still  remain  in  the  mixture,  or  does  the  mixture 
of  these  different  fuels  eliminate  that  effect? 

Professor  Norman: — I  think  that  would  have  to  be 
guarded  against  to  some  extent.  Some  of  the  effects  are 
due  to  the  water  that  is  in  the  alcohol  and  the  benzol.  It 
is  possible  that  the  water  would  tend  to  separate  out  and 
that  the  corrosion  would  be  reduced  on  that  account ;  but, 
if  the  benzol  is  not  pure,  for  instance,  polymerization  will 
occur  and  clog  up  the  fuel  passages. 

A.  F.  Moyer: — Are  not  some  of  the  substances  such  as 
benzol  of  great  value  for  producing  mixtures  with  lower 
grades  of  fuel?  I  have  in  mind  a  3  to  1  kerosene-benzol 
mixture  I  tested.  In  the  actual  operation  of  the  engine 
one  could  not  distinguish  the  difference  between  that  fuel 
and  the  ordinary  low-test  gasoline.  The  engine  would 
start  as  well  and  run  with  about  the  same  fuel  consump- 
tion per  horsepower-hour.  If  we  could  utilize  some  of 
the  low-grade  fuels  by  mixing  benzol  with  them  it  would 
be  a  perfectly  commercial  proposition. 

Professor  Norman: — I  think  it  would  be  a  commer- 
cial proposition,  but  the  question  is  whether  benzol  could 
be  produced  on  a  large  scale.  Only  about  1,000,000  bbl. 
of  benzol  is  available  at  present;  I  think  it  would  not 
have  a  very  great  effect  on  the  fuel  situation  generally. 
It  might  be  an  important  consideration  in  the  tractor 
situation.  I  think  the  tractor  consumption  of  gasoline 
amounts  to  not  more  than  5,000,000  to  10,000,000  bbl.  of 
gasoline  per  year. 

Mr.  Moyer: — I  understand  that  research  work  is  being 
carried  on  in  coking  processes  that  will  greatly  increase 
the  supply  of  light  fuels  from  that  source.  The  vapor 
pressure  is  the  property  of  fuel  that  determines  the  qual- 
ity of  vapor-air  mixtures.  The  vapor  pressure  of  a  mix- 
ture of  liquids  may  be  equal  to  the  sum  of  the  vapor 
pressures  of  the  individual  constituents.  This  may  be 
true  of  dissimilar  substances  such  as  benzol  and  kero- 
sene. We  could  mix  with  such  fuels  as  benzol,  alcohol, 
etc.,  large  proportions  of  low-grade  petroleum  products 
and  thereby  increase  our  fuel  supply. 

Professor  Norman: — The  production  of  a  greater 
quantity  of  benzol  from  coke  is  a  simple  matter  of  tern- 


high  temperatures,  it  results  in  a  large  quantity  of  per- 
manent gas,  some  naphthalene  and  a  very  small  quantity 
of  oil;  at  lower  temperatures  various  other  products  are 
obtained.  I  do  not  know  what  could  be  done  in  that  re- 
spect. Much  work  has  been  done  on  this  in  England.  As 
to  vapor  pressures,  in  many  cases  the  amount  of  vapor 
tension  can  be  increased  by  mixing  in  other  substances. 
For  instance,  the  vapor  tension  of  benzol  and  alcohol  to- 
gether is  considerably  greater  than  the  vapor  tension  of 
the  two  taken  separately. 

Mr.  Clark: — Is  not  that  also  the  reason  for  the  ad- 
vantage claimed  for  certain  substances  advocated  as  in- 
gredients to  put  in  fuel  tanks  in  small  quantities  to  in- 
crease the  efficiency? 

Professor  Norman: — There  is  a  patented  substance 
of  the  General  Motors  Research  Corporation  that  works 
in  that  way.  What  we  desire  is  to  increase  the  economy 
and  the  power  of  the  engine  by  increasing  the  compres- 
sion without  introducing  any  undesirable  feature.  With 
kerosene,  the  engine  compression  is  60  lb.  per  sq.  in.; 
with  present-day  gasoline  the  compression  is  70  to  80  lb. 
per  sq.  in.  Gasoline  is  becoming  of  worse  quality  con- 
tinuously. It  has  been  found  that  if  about  3  per  cent  of 
anilin  or  iodine  is  added  to  gasoline  fuel,  the  mixture  pre- 
vents cylinder  knock.  The  explanation  is  complicated. 
It  is  given  in  a  paper"  by  Thomas  Midgley,  Jr.,  entitled 
Combustion  of  Fuels  in  Internal-Combustion  Engines. 
Anilin  or  iodine  can  be  mixed  with  gasoline  to  obtain 
higher  compression  and  get  better  economy  from  the  fuel. 
The  question  arises  whether  it  is  economical  to  produce 
enormous  quantities  of  anilin  to  enable  us  to  construct 
more  efficient  engines.  My  attitude  is  that  we  ought  to 
construct  an  engine  that  will  utilize  the  fuels  as  they  are 
more  efficiently.  It  may  even  be  impossible  to  produce 
the  enormous  quantities  of  anilin  we  would  need. 

L.  F.  OVERHOLT : — How  are  alcohol  and  kerosene  mixed 
to  make  them  combine? 

Professor  Norman  : — Kerosene  and  alcohol  do  not  mix 
well.  However,  if  about  7  or  8  per  cent  of  benzol  is 
first  mixed  with  the  alcohol,  it  acts  as  a  binder  when  the 
kerosene  is  added. 

Dry  and  Wet  Mixtures 

I.  L.  Johnson: — In  using  kerosene  and  alcohol  should 
the  mixture  be  dry  when  it  enters  the  cylinder  or  slightly 
wet?  We  believe  that  it  should  not  be  too  wet,  but  that 
some  dampness  will  give  better  results  in  actual  horse- 
power. 

Professor  Norman:  ■ —  There  is  some  difference  of 
opinion  as  to  whether  one  should  use  a  wet  or  a  dry  mix- 
ture. I  believe  in  a  dry  mixture.  If  the  air  is  heated, 
this  has  a  tendency  to  reduce  the  power  to  some  extent. 
The  Bureau  of  Standards  has  made  tests  along  this  line. 
Keeping  the  air  cool  to  allow  the  fuel  to  enter  wet,  gives 
more  power;  but,  when  driving  on  the  road,  the  more  the 
mixture  that  enters  the  engine  is  heated,  the  better  the 
acceleration  becomes.  From  the  view-point  of  general 
reliability  of  the  engine,  freedom  from  carbonization 
trouble  and  crankcase  dilution,  it  is  better  to  run  a  dry 
mixture.  We  know  that  we  get  better  acceleration  from  a 
dry  mixture,  even  if  we  do  not  get  as  much  power  on 
block  test;  so,  I  am  in  favor  of  a  dry  mixture.  It  is  be- 
lieved in  England  that  a  dry  mixture  is  the  best. 

Mr.  Clark: — Maximum  power  is  a  thing  we  do  not 
deal  with  or  use  in  the  automobile.  Automobiles  are  over- 
powered. Dry  mixtures  are  by  far  the  best  performing 
mixtures  for  automobile  work.  The  tractor  is  a  form  of 
automotive  apparatus    in   which   maximum   power   is   a 
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THAT  all  of  the  variable  factors  of  automobile  fric- 
tion-losses such  as  the  quantity  and  viscosity  of  lu- 
bricants, the  efficiency  of  worm-gearing  and  part-load 
modifications  are  not  appreciated,  is  indicated  by  an 
examination  of  the  literature  on  this  subject  which 
reveals  a  lack  of  necessary  data.  Experiments  to  de- 
termine the  mechanical  losses,  including  all  friction 
losses  between  the  working  gases  in  the  engine  and  the 
driving-wheels  of  the  vehicle,  are  described  and  sup- 
plementary data  are  included  from  Professor  Lock- 
wood's  experiments  at  Y*le. 

Three  distinct  possibilities  for  increasing  the  fuel 
economy  of  a  motor  vehicle  are  specified  and  enlarged 
upon,  gearset  experiments  to  secure  and  develop  data 
for  a  four-speed  gearset  being  then  described  and 
commented  upon  at  length;  photographs  and  charts  il- 
lustrative of  the  equipment  used  and  the  resultant 
data  are  included.  The  effects  of  varying  the  speed 
under  no-load  and  load  conditions  are  studied,  inclu- 
sive of  mathematical  analysis,  and  the  efficiency  of  the 
gearset  and  noise  measurements  made  in  regard  to  it 
are  discussed.     The  paper  is  then  summarized. 

ALTHOUGH  means  of  minimizing  thermal  losses  in 
motor-vehicle  engines  have  received  a  certain 
,  amount  of  study,  very  little  attention  has  been 
given  to  the  mechanical-friction  losses  of  the  engine  and 
the  transmission  system.  Mechanical  friction  is  usually 
thought  of  as  a  necessary  evil,  and  has  been  dismissed 
without  much  further  analysis.  An  examination  of  the 
literature  on  tests  of  automobile-friction  losses  shows, 
by  a  lack  of  certain  data,  that  all  the  variables  were  not 
thoroughly  appreciated.  For  instance,  as  data  given 
later  in  this  paper  will  show,  the  quantity  and  viscosity 
of  the  lubricants  used  have  a  pronounced  effect  on  the 
magnitude  of  the  losses;  yet  most  experimenters  do  not 
take  this  into  consideration,  and  few  even  mention  data 
from  which  oil  viscosities  can  be  computed.  Again,  the 
elaborate  experiments  on  the  efficiency  of  an  automobile 
worm-gear  published  by  the  Department  of  Scientific  and 
Industrial  Research,  of  Great  Britain,  failed  to  give  data 
by  which  losses  at  other  than  full  load  can  be  estimated. 
In  fact,  most  experiments  are  made  at  either  full  load 
or  full  speed,  apparently  unmindful  of  the  fact  that  a 
motor  vehicle  operates  only  occasionally  under  such 
conditions. 

The  term  "mechanical  losses"  as  used  here  includes  all 
friction  losses  between  the  working  gases  in  the  engine 
cylinders  and  the  driving-wheels  of  the  vehicle.  The 
only  "useful  work"  done  by  an  engine  and  its  transmis- 
sion system  on  a  level  road  is  in  overcoming  the  resist- 
ance of  tires  and  wind-pressure.  In  reality,  the  tire 
resistance  is  a  part  of  the  complete  transmission  sys- 
tem, but  it  is  not  a  mechanical  part  of  that  system. 
Therefore,  a  mechanical  efficiency  of  100  per  cent  would 
mean  that  the  indicated  power  of  the  engine  would  be 
equal  to  the  sum  of  the  tire  and  wind-pressure  resist- 
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Pio.   l — Diagram  Showing  the  Mechanical  Losses  in  a  Touring 

Cab  Weighing  4500  Lb.  and  the  Magnitude  of  the  Useful  Force 

Necrssart  to  Propel  the  Car  at  Various  Speeds 

sary  to  propel  a  typical  touring  car  of  4500-lb.  weight 
at  various  speeds  on  smooth  level  ground,  in  terms  of 
drawbar  pull  or  towing  resistance,  is  shown  below  the 
datum  line  of  Fig.  1.  Above  the  datum  line,  the  mechan- 
ical losses  of  the  separate  units  of  the  car  are  shown  in 
terms  of  propeller-shaft  torque.  The  data  are  computed 
from  experiments  of  Prof.  E.  H.  Lockwood  at  Yale,  and 
the  experiments  are  described  later  in  this  paper.  Cord 
tires  pumped  up  to  a  pressure  of  65  lb.  per  sq.  in.  were 
assumed.  Fabric  tires  under  the  same  conditions  would 
have  nearly  double  the  resistance,  and  both  would  have 
considerably  greater  resistance  with  lower  air-pressure. 
An  examination  of  the  items  comprising  the  losses 
shown  in  Fig.  1  suggests  three  distinct  possibilities  for 
increasing  the  fuel  economy  of  a  moter  vehicle. 

(1)  A  suitable  relation  between  gear-ratios  and  en- 
gine will  reduce  the  well-known  engine  losses  duo 
to  extensive  throttling  at  average  car  speeds 
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Fig.  2 — Horsepower  and  Gasoline-Mileage  Curves  for  a  4500-Lb. 
Touring  Car  at  Various  Speeds 

In  Fig.  2,  the  horsepower,  calculated  from  Fig.  1,  to 
propel  the  car  at  various  speeds  on  a  level  road,  which 
checks  well  with  actual  tests,  is  shown,  as  well  as  the 
gasoline  mileage  at  various  car  speeds,  which  has  been 
determined  experimentally  for  a  similar  car  under  ideal 
conditions  on  a  speedway.  At  the  lower  car  speeds, 
much  greater  fuel-economy  would  be  realized  except  for 
the  very  low  mechanical  and  indicated  thermal  efficiencies 
of  an  engine  when  throttled  to  develop  but  a  fraction  of 
its  normal  torque.  As  a  matter  of  interest,  the  dotted 
curve  is  given  to  indicate  the  fuel  economy  thafcould  be 
realized  if  the  fuel  consumption  per  brake  horsepower 
developed  were  the  same  at  fractional  as  at  full  load. 
Similar  results  could  be  obtained  if  the  engine  power 
were  no  greater  than  just  sufficient  to  drive  the  vehicle 
at  the  speed  at  which  the  economy  is  indicated.  For  in- 
stance, if  the  throttle  had  to  be  opened  wide  to  make 
25  m.p.h.  on  a  level  road,  either  because  of  a  small  rear- 
axle  reduction  or  a  small-sized  engine,  it  would  be  pos- 
sible to  secure  28  miles  per  gallon  of  fuel  at  that  speed, 
and  better  at  lower  speeds. 
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Fig.  3  shows  some  of  Professor  Lockwood's  data  in 
regard  to  the  rolling  resistance,  excluding  wind  resist- 
ance, at  20  m.p.h.,  of  various  cars  taken  from  the  road 
in  the  actual  condition  in  which  they  were  run  by  their 
owners.  The  variation  of  resistance  with  weight  is  evi- 
dent, as  well  as  the  superiority  of  some  cars  over  others 
of  the  same  weight.  Notice  the  exceptionally  low  resist- 
ance of  car  A,  which  made  82  miles  on  1  gal.  of  fuel  on 
an  official  road  test.  Point  B  represents  the  car  assumed 
in  Figs.  1  and  2. 

The  question  upon  which  it  is  attempted  to  focus  atten- 
tion here  is,  Why  have  some  vehicles  so  much  less  fric- 
tional  resistance  than  others  of  the  same  weight?  If  the 
distribution  and  cause  of  all  these  losses  were  known,  it 
seems  reasonable  that  all  cars  might  be  made  with  no 
greater  resistance  than  those  that  fall  on  the  dotted 
line,  and  even  better  might  eventually  result.  Such  data 
are  food  for  much  thought  among  those  who  wish  to 
produce  vehicles  with  really  high  fuel-economy.  An 
analysis  of  these  losses  can  be  made  only  by  isolating  the 
individual  units  and  examining  each  separately. 

Gearset  Experiments 

Methods  taken  to  secure  and  develop  this  information 
for  a  four-speed  gearset,  and  some  of  the  results  se- 
cured, are  described  in  this  paper.  The  data  are  not  at 
all  complete  because  of  lack  of  time,  but  it  is  believed 
that  the  general  trend  of  the  results,  even  though  un- 
checked, will  be  of  interest  to  the  profession.  The  mag- 
nitude of  the  task  is  indicated  by  the  fact  that  the  six 
variables  of  gear-ratio,  revolutions  per  minute,  oil  type, 
oil  temperature,  oil  level,  and  load,  were  dealt  with.  No 
satisfactory  method  was  available  for  separating  the 
bearing  losses  from  the  gear  losses  and,  to  do  so,  separ- 
ate bearing  tests  must  be  made.  This  investigation  did 
not  cover  the  results  of  varying  the  gear-pitch,  tooth- 
shape  and  tooth  hardness,  or  the  very  important  feature 
of  wear. 

The  two  gearsets  tested  were  standard  four-speed 
frame-type  Brown-Lipe  truck  transmissions,  rated  for  35 
hp.  at  1000  r.p.m.  The  construction  and  principal  di- 
mensions can  be  seen  in  Fig.  4  and  the  gear-ratios  in 
Table  1.  The  gears  are  of  5-per  cent  nickel  steel,  case- 
hardened  and  of  6/8  pitch.  Timken  taper  roller-bearings 
were  used  throughout.  A  sheet-metal  case,  for  water  or 
brine  and  ice  mixtures  to  control  the  temperature,  was 
placed  around  each  gear  case.  Thermometers  were  lo- 
cated as  shown,  to  measure  the  temperatures  of  the  oils 
near  the  center  of  their  masses. 


TABLE  1- 

-GEAK-RATIO  OF  THE  GEARSET  TESTED 

Teeth  of 

Total 

Speed 

Engaging  Gears 

Reduction 

Reverse 

18-33—16-13— 

16-35 

4.81 

First 

18-33—16-35 

4.00 

Second 

18-33—21-30 

2.62 

Third 

18-33—28-23 

1.50 

Fourth 

1.00 

Apparatus  Layout 

For  the  sake  of  greater  accuracy,  the  friction  losses 
were  measured  directly  instead  of  being  calculated  as  the 
difference  between  power  input  and  output.  For  this 
purpose  an  unusual  set-up  was  made  in  which  two  sim- 
ilar gearsets  were  bolted  together  rigidly  with  the 
propeller-shaft  ends  coupled  together.  Thus,  if  both  units 
are  in  the  same  gear-ratio,  the  shafts  a  a,  which  are 
normally  connected  to  the  engine,  both  turn  at  the  same 
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compensated  for  by  a  Bimilar  step-up  in  Bpeed  in  the 
other.  The  unit  consisting  of  both  gearsets  was 
pended  from  each  end  on  two  ball  bearings  that  actei 
rollers,  as  shown  in  Figs.  1  ami  :»,  and  was  free  to  swing 
or  oscillate  about  the  shaft  centers.  It  is  evident  that,  if 
input  and  output  torques  are  not  equal,  the  differ 
ence  between  them  will  manifest  itself  as  torque  tending 
to  rotate  the  unit:  and  the  magnitude  of  this  torque 
be  read  directly  on  a  spring-scale  fastened  on  an  arm 
bolted  to  the  unit,  which  resists  this  torque.  Since  the 
speeds  of  the  shafts  transmitting  power  to  and  from  the 
unit  are  equal,  any  difference  between  their  torques  will 
show  directly  the  torque  loss  due  to  friction  in  the  two 
gearsets.  By  measuring  the  losses  directly  in  this  way 
rather  than  by  subtracting  the  power  absorbed  by  the 
brake  from  the  power  of  the  engine,  much  greater  accu- 
racy was  obtained,  since  errors  of  observation  are  nor- 
mally large  in  comparison  with  the  power  losses  involved. 
Power  was  supplied  by  a  150-hp.  Sprague  cradle- 
dynamometer  used  as  a  motor,  and  the  load  was  applied 
by  a  Froude  hydraulic  brake.  These  two  units  were 
coupled  to  the  gearset  unit  by  short  lengths  of  shaft- 
ing and  semi-flexible  couplings  of  the  Clark  type  sup- 
plied by  the  I.  H.  Dexter  Co.  They  were  in  reality  thin 
chain-sprockets   tied   together   by   roller  chains,   and   al- 


Fio.  4 — Construction  and  Principal  Dimensions  of  the  T 
Gearsets  Teste n 

lowed  enough  flexibility  to  reduce  very  materially  the 
labor  of  lining-up. 

Figs.  5  and  6  show  the  set-up  of  all  of  the  apparatus. 
On  the  end  of  the  arm  carrying  the  spring-scale  for 
reading  the  power  losses,  a  dashpot  was  improvised  by 
suspending  a  weighted  disc  of  metal  in  a  pail  of  gear  oil. 
At  the  other  end  of  the  arm,  weights  were  suspended  so 
as  to  counterbalance  partially  the  weights  of  the  scale 
and  disc  in  the  dashpot.  The  power  losses  for  one 
gearset  were  assumed  to  be  one-half  the  losses  read. 
This  involves  a  small  error  because  the  power  input  of 
the  second  gearset  is  not  as  great  as  that  of  the  first, 
the  difference  being  the  power  lost  in  the  first,  but  it  is 
too  small  to  consider. 

Test  Routine 

When  first  set  up,  the  gearcases  were  filled  with  kero- 
sene and  run  for  a  short  time  at  low  speed  to  wash  out 
any  chips  or  other  foreign  matter.  After  running  only 
a  few  minutes,  one  of  the  bearings  began  to  squeal  and 
soon  bound  tightly  enough  to  stall  the  motor,  which  was 
drawing  only  enough  current  to  turn  over  at  a  speed  of  a 
few  revolutions  per  minute.  Reversing  the  motor  loos- 
ened the  bearings  for  a  few  turns  only;  the  same  squeal- 
ing and  binding  then  reoccurred.  This  was  true  whether 
the  gears  were  in  neutral,  direct  or  in  gear,  and  was  not 
helped    by    backing    off    the    bearing    adjustment.      All 


Bk      * 
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Fio.  5 — The  Two  Gearsets  as   Arranged  for  Testj 

proving  that  roller  bearings  certainly  must  have  a  better 
lubricant  than  kerosene. 

It  will  be  noticed  thai  one  gearset  always  runs  in 
a  direction  opposite  to  normal.  This  reverses  the  action 
of  the  oil  seal  provided  for  the  engine  shaft,  which  con- 
sists of  a  helical  groove  cut  in  the  bearing  retainer 
where  the  engine  shaft  passes  through.  Simple  as  this 
seal  is,  it  is  so  effective  that  oil  seldom  leaked  through 
from  the  gearset  running  in  the  normal  direction,  while 
the  other  gearset  leaked  a  steady  stream.  Advantage 
of  this  feature  was  taken  in  cleaning  the  gear  cases 
when  changing  from  one  oil  to  another.  After  drain- 
ing, they  were  filled  with  kerosene  and  run  in  one  direc- 
tion until  there  had  been  sufficient  leakage  at  one  seal, 
and  then  reversed  for  leakage  at  the  other  seal.  This 
assured  the  removal  of  most  of  the  oil  from  the  space 
between  the  engine-shaft  bearings.  No  trouble  was  expe- 
rienced with  binding  bearings  because  of  lubricating  oil 
which  dissolved  in  the  kerosene.  After  draining  the  kero- 
sene, the  cases  were  dried  and  filled  with  the  oil  next  to 
be  tested,  the  gears  were  run  first  in  one  direction  and 
then  in  the  other  to  assure  getting  the  new  lubricant  to 
all  bearings,  and  then  the  oil  was  drained  to  the  proper 
level.  Normal  oil-level  represented  4  qt.  in  each  case. 
The  oil  levels  resulting  from  various  quantities  of  oil 
are  shown  to  scale  in  Fig.  4. 

It  was  not  easy  to  clean  the  gear  cases  even  in  this 
way  after  using  greases,  since  the  latter  are  almost  in- 
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an  average  was  assumed  as  the  true  value, 
followed  an  equation  of  the  form: 

F-K  +  C  v\s) 


These  curves 


(1) 


400      600      800     1000     1200     1400     1600     1800    2000 
Speed,  r.p.m. 

Fig.   7 — Curves   Showing  the  Losses  at  Different  Speeds  while 
Accelerating  and  Decelerating 


soluble  and  must  be  dug  out  of  the  corners.  It  is  easy 
to  believe  that  automobile  operators  would  not  be  very 
thorough  in  cleaning  out  cases  filled  with  old  grease,  and 
sediment  and  chips  lying  near  the  corners  might  be  left 
to  mix  with  new  grease.  This  is  a  strong  objection  to  the 
use  of  any  grease  that  does  not  possess  sufficient  fluidity 
to  drain  out  by  itself. 

Test  Results 

Except  where  specified,  all  runs  were  taken  at  1000 
r.p.m.,  second  gear  and  with  1  gal.  of  oil  in  each  gear- 
case.  By  taking  readings  of  losses  at  different  speeds 
while  accelerating  and  again  while  decelerating,  so  that 
a  whole  series  covered  less  than  1  min.,  it  was  possible 
to  discount  the  effects  of  temperature  changes  because 
the  oil  temperature  at  the  end  of  a  series  was  but  1  or 
2  deg.  higher  than  at  the  start.  As  might  be  expected, 
the  readings  taken  while  accelerating  are  higher  than 
while  decelerating  but,  at  low  temperatures,  with  very 
viscous  oils,  the  differences  are  greater  than  can  be  ac- 
counted for  unless  the  temperature  of  the  oil  adjacent 
to  the  moving  surfaces  became  heated  locally  above  the 
normal  temperature  of  the  remainder  of  the  oil.  Most 
of  the  runs  showed  a  fair  agreement  of  accelerating  and 
decelerating  data  as  indicated  by  curve  A  in  Fig.  7,  and 


where 

C  =  a  constant 

F  =  friction  loss  in  pound-feet  of  torque 

K  =  a  constant,  varying  with  viscosity  and  oil  level 

S  =  speed  in  revolutions  per  minute 

One  of  the  most  interesting  results  of  these  experi- 
ments was  the  discovevY  of  the  constant  K,  which  is 
equivalent  to  a  starting  friction  that  must  be  overcome 
before  motion  begins  and  in  addition  to  all  losses  vary- 
ing with  the  fluid  friction  of  the  lubricating  oil.  It  is 
not  certain  what  the  cause  is  for  the  existence  of  this 
starting  friction,  for  one  does  not  associate  roller  bear- 
ings with  this  characteristic  of  plain  bearings.  There 
is  a  possibility  that  it  is  due  to  the  compression  pack- 
ing on  the  main  shafts,  shown  at  b  in  Fig.  4,  that  is 
used  to  prevent  oil  leakage,  although  this  was  not  inves- 
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Fjg.  9 — A  Composite  Curve  of  the  Corresponding  No-Load  Losses 
for   Different   Lubricants   Expressed   in   Terms   of   Horsepower 

tigated.    The  constant  C  varies  with  the  viscosity  of  the 
lubricating  oil  as  will  now  be  shown. 

To  determine  the  effect  of  temperature  changes,  the 
lubricant  was  chilled  by  packing  the  jackets  with  crushed 
ice  and  calcium  chloride.  The  time  required  was  much 
longer  than  was  expected,  especially  when  the  tempera- 
ture of  the  lubricant  neared  the  pour-point.  In  one  in- 
stance, a  temperature  of  20  deg.  fahr.  below  zero  was 
maintained  for  nearly  3  hr.,  yet  the  oil  temperature  was 
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taken  as  soon  as  the  motor  speed  was  brought  up  to  1000 
r.p.m.  The  motor  was  then  stopped  while  the  "ii  tem- 
peratures were  read.  The  average  reading  of  the  ther- 
mometers in  each  gearcase  was  used  in  plotting  the  re- 
sults. At  the  lower  temperatures,  the  oil  temperatures 
rose  so  rapidly  at  this  speed  that  it  was  difficult  to  take 
readings  with  fair  accuracy.  Readings  were  taken  in  this 
way  at  intervals  as  the  oil  temperature  rose.  After  a  ten 
such  readings,  the  rise  of  temperature  was  hastened  by 
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10 — Curve  Showing  the  No-L"  for  Different 

Lubricants   1'lotted  in   Terms  of   Viscosity 


adding  warm  and  then  hot  water  to  the  jackets.  Fig.  8 
shows  typical  data  from  such  runs  for  one  oil,  and  Fig.  9 
is  a  composite  of  the  corresponding  no-load  losses  found 
for  different  lubricants  under  the  same  conditions  but 
expressed  in  terms  of  horsepower.  It  is  evident  how 
valueless  any  gear-efficiency  tests  may  lie  without  ;i 
record  of  either  the  oil  or  its  temperature.  Fig.  10  shows 
the  data  of  Fig.  9  plotted  in  terms  of  the  viscosity  of  the 
oils  instead  of  their  temperatures,  which  is  really  the 
information  desired  in  such  a  test.  The  curve  gives  re- 
sults that  are  useful  in  terms  of  a  formula  for  any  oil, 
since  charts  similar  to  Fig.  11  are  available  to  show  their 
temperature-viscosity  relations.  The  heavy  curve  of 
Fig.  10  was  plotted  to  an  equation  of  the  form: 


F  =  K  +  n \  (D 


(2) 


where 

D  =  a  constant 

F  =  friction  loss  in  pound-feet  of  torque  at  1000  r.p.m. 

K  =  a  constant 

V  =  viscosity  in  centipoises 

The  constant  K  seems  to  be  the  same  as  that  appear- 
ing in  equation  (1),  although  one  would  expect  it  to  vary 
with  the  number  of  revolutions  per  minute.  The  varia- 
tion of  the  constant  D  with  different  oil-levels  will  be 
shown  later. 

The  losses  with  oil  No.  5  are  consistently  higher  for 
corresponding  viscosities  than  those  of  the  other  oils. 
It  is  believed  that  this  was  due  to  the  presence  in  the 
pocket  between  the  engine-shaft  bearings  of  some  of  the 
very  viscous  oil,  No.  1,  that  had  been  tested  just  pre- 
viously. This  would  be  a  likely  source  of  error  if  the 
washing  with  kerosene  were  not  complete.  The  curves 
shown  as  light  lines  in  Fig.  10  were  computed  from  equa- 
tions (1)  and  (2)  for  a  number  of  revolutions  per  min- 
ute other  than  the  experimental  readings  at  1000  r.p.m. 
Equation  (2)  was  used  to  correct  much  of  the  following 
data  to   equivalent   readings  at  some   one  temperature, 
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since  the  oil  temperature  varied  somewhat  during  any 
series  of  runs  taking  much  time.  Equations  (1)  and  (2) 
can  be  combined  into  an  equation  of  the  form 


I  2 


where 


F  =  K+[DV  (!')]  .  [V  (S)] 


(3) 


D  :=  a  constant 

F  =  friction  loss  in  pound-feet  of  torque  at  1000  r.p.m. 

K  —  a.  constant  affected  by  the  oil  level 

S  =  speed  in  revolutions  per  minute 

V  =;  viscosity  in  centipoises 

The   effect    on   the   power   losses    at    different    levels 
was  much   less  than  expected.     Experiments1  made  in 
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England  with  a  32-hp.  Leyland  gearset  on  direct  drive 
showed  losses  at  950  r.p.m.  that  are  stated  in  Table  2. 

TABLE  2 — OIL  LEVELS  AND  POWER  LOSSES 

Oil  Level  Power  Loss,  hp. 
Vi  0.80 

%  1.92 

%  3.20 

Full  8.30 

The  results  of  our  experiments  were  of  the  nature  of 
those  shown  in  Fig.  12  and  failed  to  show  anything  like 
as  great  a  variation.  It  was  difficult  to  secure  concord- 
ant data  in  this  series  of  runs  because  all  oils  tested 
frothed  up  with  air  bubbles  after  a  few  minutes  of  run- 
ning so  that  the  volume  was  increased  materially.  It 
was  not  uncommon  to  drain  6  qt.  of  oil  from  a  gearcase 
that  had  been  supplied  with  only  4  qt.  The  torque  loss 
recorded  after  all  oil  was  drained  from  the  gearcases 
consists  of  the  constant  loss  K  plus  the  viscous  losses  of 
the  bearings  due  to  the  presence  of  a  certain  quantity 
of  oil  that  clung  to  them.  It  is  interesting  to  note  here 
that  the  losses  in  direct  drive  are  greater  than  in  second 
gear  for  a  given  engine  speed,  although  the  reverse  is 
true  for  a  given  car  speed.  Other  experiments,  such  as 
those  of  Fig.  13,  at  a  speed  of  1175  r.p.m.,  showed  that 
the  no-load  losses  were  lowest  on  first  gear  and  increased 
regularly  to  a  maximum  on  direct  drive. 

Losses  Due  to  Load 

So  far,  all  losses  given  occurred  while  idling.  While 
transmitting  power,  additional  losses  occur  which  are  in- 
dicated in  Fig.  14.  All  our  experiments  indicated  that 
there  is  a  straight-line  relation  between  friction  losses 
and  load  as  shown  also  in  Fig.  13  where  similar  data  have 
been  taken  from  experiments  reported  for  an  automobile 
gearset,3  and  for  a  steam  turbine  double-reduction  gear.' 

The  intersection  of  the  load  line  with  the  ordinate  for 
zero  load  is,  of  course,  the  idling  friction  loss  that  has 
been  analyzed  and  formulated  during  the  preceding  study 
of  no-load  losses.  What  determines  the  slope  of  this  line, 
however,  is  not  satisfactorily  explained  and  is  somewhat 
a  matter  of  conjecture.  It  seems  to  be  influenced  some- 
what by  the  viscosity  of  the  oil,  as  indicated  by  the  dis- 
tance between  the  curves  of  Fig.  8.  If  the  slope  were 
constant,  these  lines  would  be  the  same  distance  apart 
throughout. 

The  number  of  revolutions  per  minute  of  the  gears 
seems  to  have  a  similar  effect,  as  is  shown  in  Fig.  14, 
suggesting  that  the  greater  the  number  of  revolutions  is, 
the  less  the  slope  becomes.  The  gear-ratio  also  has  its 
influence;  the  greater  the  ratio  is,  the  greater  the  slope 
becomes,  but  this  would  be  expected  from  the  greater 
tooth-pressures  and  bearing  loads.  Light  lines  are 
shown  in  Fig.  14  that  represent  various  transmission 
efficiencies.  The  load  curves  cross  such  lines,  giving  the 
usual  characteristic  of  an  increasing  efficiency  with  an 
increasing  load.  If  the  load  were  continued  indefinitely, 
the  efficiency  would  approach  but  never  wholly  equal  the 
efficiency  represented  by  one  of  these  constant-efficiency 
lines  running  parallel  to  it.  For  the  curve  representing 
1000  r.p.m.,  this  optimum  efficiency  would  be  about  98 
per  cent.  Thus,  the  higher  the  load  is,  the  higher  the 
efficiency  will  be  until  a  load  is  reached  where  the  load 

3  See  Mechanical  Engineering,  November,  1920.  p.   613. 
*  See  Journal  of   the  American  Institute   of  Electrical   Engineers, 
September,   1921,  p.  724. 

8  See  Transactions  of  the  American  Society  of  Mechanical  Engi- 
neers, vol.   37,  p.  520. 


curve  ceases  to  be  straight  and  becomes  concave  upward, 
a  point  not  reached  in  these  experiments. 

Since  the  efficiency  increases  with  load,  it  is  interest- 
.  ing  to  know  how  high  a  load  the  gears  can  carry.  When 
delivering  43.3  hp.  at  1000  r.p.m.,  which  represents  227 
Ib-ft.  of  torque,  the  tooth  load  was  over  4000  lb.  per  lineal 
in.  of  face-width  and  the  static  fiber-stress  was  about 
67,000  lb.  per  sq.  in.  This  stress  was  figured  from 
a  formula  given  by  Prof.  G.  H.  Marx  as  a  result  of  his 
experiments.1  Over  50  hp.  was  carried  several  times  with 
no  signs  of  distress,  which  corresponds  to  a  tooth  load 
of  4800  lb.  per  lineal  in.  and  a  fiber  stress  of  over  80,000 
lb.  per  sq.  in.  Static  tests  show  a  breaking  load  of 
18,000  lb.  on  a  %-in.  face,  which  corresponds  to  a  fiber 
stress  of  305,000  lb.  per  sq.  in.  These  figures  are  so 
very  much  higher  than  experienced  in  other  branches 
of  the  engineering  profession  that  they  are  especially 
noteworthy.  It  is  probable  that  failure  by  abrasion  or 
wear  will  occur  before  breakage,  but  there  was  no  sign 
of  abrasion  in  these  tests.  Experiments  on  the  wear  of 
gears  loaded  to  3668  lb.  per  lineal  in.  have  been  made 
and  the  results  recently  published.6  In  making  use  of 
these  figures,  it  must  be  borne  in  mind  that  these  loads 
were  all  uniform  and  not  fluctuating  as  would  be  the 
case  if  the  drive  had  been  by  a  four  or  even  a  six-cylin- 
der gasoline  engine,  in  which  case  a  similar  maximum 
would  result  from  a  lower  average  load.  Notice  that 
the  optimum  efficiency  will  be  approached  at  all  loads  by 
a  reduction  of  the  no-load  losses.  If  there  were  no  losses 
at  no  load,  the  efficiency  would  remain  constant  and  equal 
to  the  optimum  at  all  loads. 

Efficiency  of  the  Gearset 

When  referring  to  gearset  efficiency  it  is  only  fair  to 
talk  of  the  efficiency  at  the  loads  experienced  in  opera- 
tion. This  has  been  done  for  level-road  conditions  in 
Fig.  15,  taking  the  loads  transmitted  from  Fig.  1  as  the 
sum  of  the  wind,  tire,  wheel-bearing  and  rear-axle  losses 
at  various  speeds. 

The  curves  for  direct  drive  at  different  temperatures 
are  of  particular  interest  because  of  showing  lower  effi- 
ciency, with  the  "heavy"  gear-oils  now  popular,  than  is 
usually  thought  of  except  when  in  gear.  When  a  vehicle 
is  run  only  a  few  miles  between  stops  during  cold 
weather,  the  oil  does  not  have  time  to  heat  up  much  and 
may  easily  be  at  a  temperature  no  higher  than  60  deg. 
fahr.  The  shape  of  these  curves  at  first  seems  odd,  but 
is  explained  by  the  fact  that  at  low  speeds  the  losses  in- 
crease more  rapidly  than  the  load,  accounting  for  the 
falling  efficiency  with  increased  car  speed.  The  phase  of 
rising  efficiency  with  increasing  car  speed  results  when 
the  load  increases  faster  than  the  losses.  In  addition  to 
the  curve  given  for  second-gear  efficiency,  a  dotted  curve 
is  given  for  the  same  losses,  while  carrying  the  full  rated 
torque  of  the  gearset.  Since  gears  are  rarely  used  ex- 
cept with  wide-open  throttle  when  climbing  hills,  this 
represents  more  nearly  the  actual  efficiency  obtained  than 
the  corresponding  curve  for  level-road  conditions.  A 
similar  increase  of  efficiency  results  for  direct  drive  when 
climbing  grades  requiring  full  throttle,  but  the  level- 
road  conditions  more  nearly  represent  average  conditions. 

Noise  Measurements 

Noise  is  such  an  important  factor  in  the  transmission 
of  power  by  gears  that  an  attempt  was  made  to  measure 
it  and  determine  how  it  is  influenced  by  the  lubricant 
used.  After  consulting  several  authorities,  the  follow- 
ing apparatus  was  suggested  by  the  Western  Electric  Co., 
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consist  of  two  distinct   types;   (a)  those  existing  while 
idling  or  transmitting  no  p  d  (6)  additional  losses 

while  transmitting  power.  The  former  were  shown  to 
iin  of  a  constant  ami  a  factor  for  the  fluid  fric- 
tion that  varies  with  the  viscosity  and  quantity  of  oil  as 
well  as  with  the  number  of  revolutions  per  minute  of  the 
gears.  When  it  is  desirable,  these  factors  can  be  formu- 
lated for  a  gearset  so  that  the  losses  can  be  calculated 
with  reasonable  precision  for  all  combinations  of  the 
variables  involved.  It  has  been  shown  also  that  an  ap- 
preciable  Increase  in  efficiency  will  result  by  lowering 
the  viscosity  of  the  oil,  particularly  when  the  gearset  is 
used  lor  direct  drive  on  a  level  road.  Recommendations 
to  use  oils  of  low  viscosity  cannot  yet  be  made,  however, 
because  of  insufficient  knowledge  of  the  rate  of  wear  and 
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of  the  inertia  type,  without  a  diaphragm,  was  connected 
in  series  with  a  single  cell  of  storage  battery  and  the 
heating  coil  of  a  thermocouple,  the  thermocouple  itself 
being  connected  directly  to  a  direct-current  microam- 
meter.  With  the  microphone  button  in  contact  with  the 
outside  of  the  gearcase,  the  microammeter  pointer  gave  a 
reading  that  was  recorded  as  a  measure  of  the  energy  of 
vibration  of  the  case,  and  was  assumed  to  be  a  measure 
of  the  noise  produced  by  this  vibration.    As  slightly  dif- 
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volume  of  noise  resulting  from  their  use.  It  is  doubt- 
ful if  there  will  be  any  noticeable  increase  in  the  wear 
of  an  automobile  gearset  if  an  oil  similar  to  a  heavy 
motor  oil  be  used,  particularly  since  these  gears  are  not 
used  continually.  The  De  Dion-Bouton  trucks  have  made 
a  very  successful  use  of  such  an  oil  for  their  gearsets. 

The  data  that  have  been  given  here  are  very  suggestive 
for  further  analytical  study,  in  regard  to  both  gearsets 
and  other  parts  of  the  power  system  of  a  motor  vehicle. 
Time  thus  taken  promises  well  to  increase  the  efficiency 
of  motor-vehicle  transportation  and  reduce  its  cost,  as 
well  as  to  make  our  fuel  resources  last  longer. 
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ferent  readings  resulted  from  contact  with  different  parts 
of  the  case,  contact  was  made  at  approximately  the  same 
point,  at  a  corner,  for  all  subsequent  readings.  Fig.  16 
shows  the  results  on  direct  drive  and  also  on  second 
gear.  The  pronounced  crest  of  these  curves,  when  one 
would  expect  them  to  continue  upward,  indicates  that 
the  microphone  was  not  adapted  to  periods  of  vibration 
as  High  as  those  experienced.  A  change  in  the  micro- 
phone was  made  but  this  was  not  much  of  an  improvement. 
It  is  clear  that  further  development  will  be  necessary 
to  make  this  apparatus  useful,  and  there  is  little  doubt 
that  this  can  be  done. 
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of  the    Motor-Omnibus 


By  Walter  Jackson 


Annual  Meeting  Paper 


AFTER  outlining  motor-bus  history  and  relating 
how  the  introduction  of  mechanical  and  electrical 
propulsion  on  rails  relegated  horse-buses  to  the  back- 
ground, the  author  states  that  electric-railway  con- 
struction is  at  a  standstill  and  that  the  present  demand 
for  additional  transportation  facilities  is  being  met  by 
motor-buses  that  often  are  operated  by  individuals; 
presents  railway  statistics  and  comparative  comment 
on  jitneys,  cross-country  motor-buses  and  supplemen- 
tary motor-bus  service  by  electric-railway  companies; 
and  mentions  many  influential  factors  concerning  mo- 
tor-bus utilization. 

Future  motor-bus  considerations  include  discussions 
of  fare  rates  and  operating  expenses.  The  author  be- 
lieves that  a  comparison  of  the  true  cost  of  electric- 
railway  versus  motor-bus  service  has  been  obscured  by 
certain  factors  having  nothing  to  do  with  the  engineer- 
ing aspects  of  the  situation,  and  that  the  economic 
fields  of  these  services  will  be  determined  by  the  co- 
ordination of  all  mass  transportation  under  one  man- 
agement instead  of  permitting  indiscriminate  and  de- 
structive competition. 

THE  writer  on  steam  turbines  seldom  fails  to  refer 
to  the  time  of  the  late  Hero  of  Alexandria,  a  trifle 
more  than  2000  years  ago,  and  one  who  pre- 
sents a  paper  on  the  road  transportation  of  passengers 
must  face  the  temptation  of  dragging  forth  the  ghosts 
of  Egyptian  sledges,  Roman  chariots  and  English  stage- 
coaches; but  I  will  put  the  pleasing  provocation  by  and 
plunge  at  once  into  a  period  no  further  back  than  that  of 
our  great-grandfathers.  In  the  decade  of  1830-1840  some 
serious  and  creditable  efforts  were  made  to  produce  a 
trackless,  self-propelled  vehicle.  Indeed,  as  early  as  1828 
Sir  Goldworthy  Gurney's  steam  coach  was  making  the  9 
miles  between  Gloucester  and  Cheltenham  in  45  to  55 
min.  Three  years  later  the  Ogle-Summers  steam  car- 
riage was  fleeting  along  the  highways  at  30  to  35  m.p.h., 
utilizing  a  modern  boiler-pressure  of  250  lb.  per  sq.  in. 
Inventor  after  inventor  came  into  the  field  within  the 
next  few  years  but,  through  the  influence  of  the  rail- 
roads, there  was  placed  upon  the  statutes  the  absurd  pro- 
vision that  each  and  every  steam  engine  operated  over 
the  public  highways  should  be  preceded  by  a  man  carry- 
ing a  red  flag,  at  a  walk,  of  course.  The  rate  of  locomo- 
tion, ironically  termed  "speed,"  was  limited  to  4  m.p.h., 
and  railroad  shareholders  and  horses  were  saved  from 
fainting  fits  by  permitting  such  vehicles  to  run  only  in 
the  darkling  hours  of  10  p.m.  to  6  a.m.  College  debating 
clubs  may  still  argue  whether  legislation  really  can  block 
the  bus  of  progress  very  long,  but  here  is  a  record  of 
legislative  obstruction  that  proved  effective  for  more  than 
two  generations. 

The  net  result  was  that,  both  here  and  in  England,  the 
field  of  passenger  transport  was  left  to  the  steam  rail- 
road and  the  horse-drawn  omnibus.  The  latter  was  first 
succeeded  by  horse-drawn  railway  cars,  for  those  were 
decidedly  not  the  days  of  smooth  paving,  and  then  by  the 


cable  and  the  electric  railways.  For  a  time,  it  seemed  that 
the  electric  railway  would  become  the  sole  means  of  pub- 
lic-utility transport  in  city  and  suburban  areas  but,  after 
two  frenzied  decades  of  expansion,  it  was  seen  that  while 
electric  traction  is  technically  right  there  are  plenty  of 
places  where  it  is  financially  wrong. 

It  would  not  be  fair  to  criticize  the  old-timers  too  se- 
verely for  the  construction  of  uneconomic  lines.  They 
knew  no  other  form  of  mechanical  propulsion  that  would 
relieve  them  of  the  great  cost  of  power-stations,  substa- 
tions, distribution  systems  and  other  rooted  structures 
that  go  with  the  humblest  electric  railway.  When  elec- 
tric-railway building  was  at  its  peak, 'the  gasoline  vehicle 
was  in  its  first  stages.  The  electric-traction  men  were 
not  in  the  same  position  as  the  horse-drawn-omnibus  op- 
erators of  London  who  had  to  seek  something  faster  and 
better  without  recourse  to  the  rail.  They  refused  to  in- 
dulge in  watchful  waiting,  but  blithely  went  on  to  build 
thousands  of  miles  of  track  through  districts  that  did  not 
produce  enough  business  to  meet  operating  expenses 
alone. 

The  Present 

There  was  47,941  miles  of  electric  single  trackage  in 
the  United  States  in  1919.  In  1920  the  mileage  showed 
a  decrease  for  the  first  time  in  the  history  of  the  indus- 
try, being  47,705  miles  or  a  loss  of  236  miles.  The  figures 
for  1921  may  show  a  still  greater  loss.  These  declines 
are  due  to  the  deliberate  abandonment  of  non-paying 
lines,  principally  of  systems  in  receivership  that  are  not 
compelled  to  continue  to  observe  original  franchise  stipu- 
lations. 

In  cities  so  large  as  Bridgeport,  Conn.,  and  Des  Moines, 
Iowa,  we  have  seen  extended  periods  of  idleness  on  the 
part  of  the  local  traction  systems.  In  the  one  case  it  was 
the  hope  of  the  traction  company  to  compel  the  absolute 
elimination  of  jitney  competition;  in  the  other  there  was 
a  desperate  effort  to  secure  a  higher  rate  of  fare.  Like 
scenes  are  being  enacted  in  other  cities.  One  would  not 
expect  sane  communities  to  prefer  to  exchange  even  a 
fairly  reliable  street  railway  under  one  corporate  man- 
agement for  the  uncertain,  hard-to-please  but  far  from 
coy  jitney  man.  Yet  they  have  shown  themselves  willing 
to  put  up  with  atrocious  jitney  operation  for  weeks  and 
months  rather  than  submit  to  the  demands  of  the  street 
railway.  In  short,  the  lack  of  good-will  toward  the  elec- 
tric railway  blinds  the  community  to  settling  its  trans- 
portation problem  upon  the  commonsense  basis  of  all 
mass  transportation  in  a  community,  regardless  of  the 
manner  of  propulsion,  being  under  a  central,  coordinated 
management.  So  far,  some  electric-railway  companies 
have  not  seen  their  opportunity  to  absorb  unto  themselves 
whatever  special  advantages  the  bus  has  for  attracting 
traffic  and  reducing  the  operating  costs  of  certain  classes 
of  service.  They  have  actually  given  the  impression  by 
their  antagonistic  attitude  that  the  field  of  the  motor- 
omnibus  is  greater  than  it  really  is  on  the  basis  of  pres- 


Vol.  X 


March,  192S 


No. 


PAST,  PRESENT   \\D  FUTURE  OF  THE  MOTOR-OMNIBUS 


.'in 


mation  of  motor-bus  companies  whose  promoters  seem 
very  much  in  the  dark  as  to  the  requirements  of  an  ex- 
acting  public. 

It  is  significant  that,  while  no  important  city  has  driven 
up  its  railway  system  to  change  to  the  jitney-bus,  the 
substitution  of  motor-buses  for  the  cross-country  trolley- 
car  seems  to  be  meeting  with  public  favor.  This  class  of 
trolley  line  usually  has  a  single  track,  which  handicaps  it 
schedules;  and,  as  most  of  its  torn  or  patrons  own  motor- 
cars, the  clientele  tends  to  decrease  .'.car  by  year.  Be- 
sides, the  very  advent  of  improved  roads  is  a  bane  to  this 
class  of  trolley  in  another  direction,  namely,  that  of  re- 
alignment to  new  paving  levels.  Few  such  railways  can 
afford  to  get  out  of  the  dirt  and  into  the  paving;  so.  they 
<iuit.  The  abandonment  of  several  hundred  miles  of  track 
by  the  Eastern  Massachusetts  street  Railway  Go.  alone  is 
a  forerunner  of  what  other  railways  with  i  mntry 

lines  on  public  highways  are   lacing. 

The  development  of  both  electric  and  Steam  railways 
in  this  Country  has  been  on  such  a  grandii  e  that 

one  would  hardly  expect  to  find  any  community  of  consid- 

■  >le  size  without  transportation  service.  Neverthi 
there  has  been  already  an  imposing  development  of  motor- 
bus  transportation  in  non-competitive  districts.  Out  of 
a  city  like  Poughkeepsie,  X.  Y.,  for  example,  a  number 
of  individually  owned  motor-bus  enterprises  are  operated 
which  tap  territory  without  railway  service  of  any  kind. 
There  are  literally  thousands  of  one-man  services  of  this 
kind  that  are  performing  a  most  valuable  function.  They 
produce  a  living  for  men  who  are  willing  to  work  12  to  16 
hr.  per  day,  but  would  not  do  for  companies  from  whom 
the  community  would  demand  better  vehicles  and  more 
frequent  service.  There  must  be  some  deep-rooted  belief 
that  individuals  in  the  public-transportation  field  are  de 
serving  fellows  entitled  to  get  away  with  anything; 
whereas,  company  organization  at  once  implies  that  there 
are  great  profits  for  somebody  somewhere,  this  implica- 
tion meaning  higher  standards  and  higher  taxes. 

Jitney  Competition 

So  far  as  jitney  operation  is  concerned,  that  is  here 
today,  gone  tomorrow  and  back  again  day  after  tomor- 
row. Endless  State  and  municipal  measures  have  been 
passed  at  the  behest  of  both  the  railways  and  the  public 
and,  I  may  add,  even  at  the  behest  of  jitney  men  who  have 
achieved  the  status  of  a  vested  interest  and  want  pro- 
ion  against  later  comers.  But  much  of  this  legisla- 
tion seems  to  fall  to  the  ground  whenever  the  local  street- 
railway  company  and  the  administration  disagree.  One 
day  sees  all  the  second-hand  cars  in  town  soliciting  pa- 
tronage, usually  at  a  lower  fare.  The  news  travels  and 
a  hegira  sets  in  toward  the  new  jitney  Medin.  Thus,  in 
the  recent  Des  Moines  trouble  jitneys  thrown  out  of  Con- 
necticut actually  were  driven  overland  to  Iowa  to  obtain 
their  share  of  the  abnormal  patronage. 

Overland  Motor-Buses 

It  has  been  more  difficult  to  regulate  the  competitive 
overland  motor-bus  than  the  city  jitney.  The  exclusive 
franchises  that  electric  railways  lean  upon  in  munici- 
palities do  not  apply  to  the  country,  where  the  electric 
railway  may  be  a  blend  of  city,  highway  and  right-of-way 
operation.  Often  enough,  the  buses  do  not  parallel  the 
railway  all  the  way  but  only  in  part.  If  they  reach,  in 
addition,  off-side  districts  not  served  by  the  railway,  it 
is  hard  for  a  State  commission  to  say  whether  the  pro- 
posed bus-route  is  entitled  to  a  certificate  of  convenience 
and  necessity.    Most  of  the  overland-bus  companies,  those 


tares  than  the  railways,  but  the  chief  reason  tor  their  get- 
ting the  business  seems  to  be  that  they  initio  closer  to 
the  patrons'  origin  and  destination  than  the  railways.  In 
California,  particularly,  the  delights  of  the  climate  are 
a  strong  temptation  to  outdoor  riding. 

As  already  hinted,  the  only  curb  on  these  cross-country 
or  overland-bus  operators  is  that  they  must  in  a  grow- 
ing number  of  States  like  Connecticut,  New  York,  Penn- 
sylvania, Illinois,  New  Jersey.  California  and  Washing- 
ton obtain  certificates  of  convenience  and  necessity.  This 
curb  is  of  varying  degrees  of  value,  dependent  upon  the 
viewpoint  of  the  commission.  In  one  case  the  Illinois 
commission  granted  a  certificate  permitting  competition 
against  an  electric  railway  because  the  latter  had  not 
the  commission's  ideas  of  a  proper  standard  of  ser- 
vice; but  the  same  commission  refused  a  certificate  to 
another  applicant  who  wanted  to  compete  with  an  elec- 
tric railway  giving  satisfactory  service.  Commissions 
are  inclined  to  give  certificates  in  cases  where  a  large 
part  of  the  run  will  not  be  in  competitive  territory;  and 
in  competitive  territory  they  may  grant  operating  rights 
because  of  the  lower  fare  offered. 

Motor-Bus  Legislation 

The  latest  motor-bus  legislation  in  which  both  city  and 
country  operation  are  placed  under  the  State  commission 
is  that  of  Connecticut  and  of  New  Jersey.  In  the  latter 
State,  however,  the  commission  exercises  no  control  over 
operators  who  had  regular  routes  before  the  time  of  the 
passage  of  the  act,  March  15,  1921.  The  question  now 
before  the  courts  is  whether  this  exception  constitutes  a 
vested  or  property  right  that  can  be  transferred  to  a  suc- 
cessor. In  the  first  case  brought  up  the  Board  of  Public 
Utility  Commissioners  granted  this  succession  right  to 
one  Carl  A.  Becker,  but  the  Public  Service  Railway  Co. 
within  whose  area  Becker  operates  has  appealed  the  case. 
The  point  made  by  the  commissioners  was  that  the  bus 
operators  active  at  the  time  of  the  act  had  been  regulated 
already  as  to  number  and  routes. by  the  local  municipal- 
ities, and  that  they  were  therefore,  presumably,  fulfilling 
a  work  of  convenience  and  necessity.  Under  their  con- 
ception of  the  law  entirely  new  petitioners  can  apply  to 
them  for  routes,  provided  they  have  obtained  approval 
previously  from  the  local  governments. 

The  cities  of  Connecticut  never  undertook  to  license 
public-utility  vehicles;  so  the  new  legislation  did  not 
deprive  them  of  any  powers  theretofore  exercised.  All 
that  a  jitney  operator  needed  was  the  nominal  State  li- 
cense for  a  public-utility  vehicle,  and  all  the  regulation 
he  endured  was  what  the  police  chose  to  exact,  as  was 
evident  particularly  at  Bridgeport.  Theoretically,  the 
Connecticut  Public  Utilities  Commission  is  not  obliged  to 
pay  much  attention  to  what  the  different  cities  may  de- 
sire, but  practically  it  is  under  this  obligation.  In  the 
city  of  Hartford,  for  example,  the  elimination  of  the  jit- 
ney met  with  general  approval.  Contrariwise,  the  large 
working  population  of  Bridgeport  was  bitterly  opposed 
to  paying  a  10-cent  fare  on  the  cars  in  view  of  the  fact 
that  it  had  thitherto  had  a  5-cent  fare  on  the  jitney- 
buses.  Preceding  the  passage  of  the  State  law,  the 
Bridgeport  council  had  agreed  to  relegate  the  buses  to 
streets  on  which  there  were  no  car  tracks,  so  far  as  that 
was  physically  possible.  Despite  this  handicap  the  buses 
continued  to  get  most  of  the  traffic.  When  the  State  com- 
mission endeavored  to  put  these  jitneys  out  of  business 
the  latter  adopted  one  subterfuge  after  another,  such  as 
accepting  tickets  from  alleged  club-members,  besides  se- 
curing stays  from  the  courts.     The  commission   itself, 
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lately  a  5-cent  short-ride  fare  and  threatened  to  grant 
additional  bus  licenses  if  the  electric  railway  does  not 
give  satisfactory  rates  and  service. 

I  have  gone  into  these  nearby  situations  at  some  length 
to  indicate  that,  while  the  regulatory  bodies  are  grad- 
ually assuming  control  of  motor-bus  operation,  it  does 
not  follow  that  the  electric  railways  can  afford  to  show 
indifference  to  the  public.  The  people  will  find  some  way 
of  getting  what  they  want,  sooner  or  later.  It  seems  in- 
credible that  the  electric  railways  themselves  have  been 
among  the  opponents  of  legislation  that  would  grant  the 
common  carrier  under  discussion  the  right  to  run  motor- 
buses.  They  actually  feared  that  such  recognition  of  the 
transportation  usefulness  of  the  motor-bus  would  make 
all  of  their  own  precious  investments  passe.  This  was 
topsy-turvy  reasoning.  The  bus  did  not  need  this  legis- 
lation to  prove  what  it  can  do.  Thus  far  not  more  than  a 
score  or  so  of  our  800  to  900  operating  railway  companies 
have  undertaken  motor-bus  operation,  but  even  these  few 
pioneers  give  a  clue  to  some  of  the  valuable  results  that 
can  be  attained  with  the  motor-bus.  One  large  city  rail- 
way company  has  installed  buses  over  a  poorly  traveled 
route  to  save  the  expense  of  retracking  and  repaving; 
another  has  given  up  a  dangerous  run  along  a  steep  river- 
bank  to  follow  a  shorter  line  on  the  highway ;  a  third  has 
cut  down  the  losses  on  a  roundabout  electric  railway  by 
offering  a  shorter  faster  alternative  bus  route;  a  fourth 
has  found  that  a  bus-line  makes  it  unnecessary  to  disturb 
a  cherished  public  park;  a  fifth  finds  the  bus  the  least 
costly  medium  for  tieing  together  two  important  rail- 
routes;  a  sixth  has  made  one  loop  out  of  two  former 
trackways ;  and  several  others  have  found  the  bus  a  most 
desirable  vehicle  to  ward  off  the  cost  of  track  extensions 
until  new  business  justifies  the  old  burdens. 

We  are  all  familiar  with  the  splendid  organization  of 
the  Fifth  Avenue  Coach  Co.,  New  York  City,  that  com- 
bines both  technical  and  sales  leadership  in  its  work.  But 
this  company,  like  the  other  double-deck  bus  operators 
in  Detroit  and  Chicago,  is  doing  a  work  somewhat  apart 
from  the  usual  organization  that  is  responsible  for  all 
the  mass  transportation  of  the  community. 

Summarizing  the  present  situation  as  to  the  motor- 
bus,  we  have  the  unreliable  cempetitive  jitney;  the  rap- 
idly growing  cross-country  bus,  sometimes  competitive 
and  sometimes  creative ;  the  beginnings  of  motor-bus  op- 
eration by  electric  railways;  the  de  luxe  double-decker; 
and,  finally,  the  "on  call"  motor-buses  and  char-a-bancs 
that  may  some  day  achieve  the  same  widespread  popular- 
ity they  have  attained  in  England. 

The  Future 

Will  the  city  and  suburban  electric-railway  disappear 
altogether  and  the  steam  railroad  be  discontinued  in 
part ;  or,  will  the  increase  in  motor-buses  be  due  more  to 
the  creation  of  new  business  because  of  their  unlimited 
flexibility?  The  general  public,  unfamiliar  with  the  cost 
of  either  mode  of  propulsion,  cannot  be  blamed  for  think- 
ing that  the  trolley-car  is  doomed  when  it  observes  the 
jitney  charging  half  the  fare  and  making  50  per  cent 
greater  speed ;  but  the  automotive  engineer  can  be  blamed 
if  he  fails  to  see  that  these  two  forms  of  transportation 
are  not  compared  so  easily  as  that. 

The  electric  railway  of  today  is  the  product  of  two 
generations  of  corporate  life.  During  those  generations 
it  has  accumulated  a  number  of  unwholesome  factors  that 
place  it  at  a  disadvantage  in  competition,  entirely  aside 
from  the  question  of  engineering  merit.     There  is,  for 
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certain  amount  of  service  must  be  given  regardless  of 
traffic,  an  obligation  from  which  the  jitney  is  almost  or 
entirely  free.  There  is  the  paving  obligation  from  which 
the  very  jitney  that  runs  over  that  paving  is  free.  There 
is  that  host  of  taxes  on  costly  buildings  and  land,  on  in- 
come, on  the  corporate  form,  sometimes  even  on  trolley- 
poles  or  cars,  from  which  the  jitney  suffers  next  to  noth- 
ing. There  is  the  curse  of  the  same  fare  regardless  of 
the  length  of  the  ride,  while  the  jitney  travels  no  farther 
than  the  fare  will  cover. 

These  are  some  of  the  burdens  for  which  the  railways 
themselves  are  not  responsible  to  any  degree,  and  they 
are  burdens  that  would  be  paralleled  in  the  long  run  by 
any  regularly  organized  motor-bus  company.  The  Fifth 
Avenue  Coach  Co.  is  not  only  the  oldest  and  largest  mo- 
tor-bus organization  in  the  United  States,  but  it  is  the 
one  that  has  gathered  unto  itself  the  largest  tax-bill  in 
proportion  to  earnings.  And  the  gallonage  tax  is  yet  to 
come!  Since  these  are  burdens  imposed  by  the  State, 
they  will  become  equalized  in  time;  so  they  present  no 
really  great  danger  for  the  older  utility.  In  truth,  the 
burdens  that  the  electric  railway  has  accumulated  with- 
out the  help  of  government  are  far  greater.  If  these  are 
not  shaken  off  or  greatly  reduced  in  weight,  the  motor- 
bus  in  independent  well-monied  hands  will  prove  a  real 
danger  and  supplanter  in  many  of  the  smaller  and  me- 
dium-sized communities.  First  of  all,  the  failure  in  the 
past  to  set  aside  amortization  and  depreciation  funds  to 
care  for  advances  in  the  art  has  led  to  excessive  replace- 
ment-needs at  this  time.  Many  companies  are  compelled 
to  continue  to  operate  with  obsolete  equipment  because 
they  cannot  borrow  the  money  for  efficient  apparatus, 
thus  suffering  much  higher  operating  costs  than  the 
actual  state  of  the  art  makes  possible. 

Rates  of  Fare 

In  the  second  place,  in  seeking  a  rate  of  fare  that  will 
restore  their  credit,  electric  railways  have  valued  their 
property  on  a  "reproduction-cost-new"  basis  and  then 
sought  also  a  war-time  rate  of  return  on  this  valuation. 
The  consequence,  in  a  number  of  cases,  has  been  that 
the  resultant  fare  required  is  so  high  as  to  frighten  off 
an  appreciable  proportion  of  the  traffic.  This  brings  us 
to  the  vital  question,  Have  electric-railway  fares  reached 
a  point  where  the  motor-bus  can  compete  against  and  sup- 
plant the  electric  railway?  I  say  without  hesitation  that 
any  small-city  electric-railway  charging  a  10-cent  fare 
today  is  absolutely  vulnerable  to  such  competition,  should 
the  State  allow  a  capably  organized  company  to  come  in. 
There  are  some  two  score  communities  of  that  character 
charging  a  flat  fare  of  10  cents,  and  between  40  and  50 
cities  or  towns  charging  a  10-cent  cash  fare  and  6  to  9 
cents  for  a  ticket. 

The  railways  in  70  to  80  communities  charging  8  and 
9-cent  fares  are  also  in  danger,  provided  the  length  of 
route  is  within  3.0  to  3.5  miles.  The  7-cent  and  6-cent 
street-railways  hardly  could  be  touched  by  a  motor-bus 
company  so  long  as  both  had  the  same  scheme  of  charg- 
ing one  fare  regardless  of  the  length  of  ride;  but,  if  the 
motor-bus  operators  were  wise  enough  to  do  business  only 
on  a  distance-fare  basis  from  the  start,  they  would  be 
able  to  begin  at  a  5-cent  minimum  for  say  1  mile.  There- 
fore, it  will  be  seen  that  unless  the  electric  railways  in 
such  districts  are  willing  to  write  down  their  valuations 
as  remorselessly  as  a  merchant  writes  down  his  outof- 
date  stock,  they  will  not  be  saved  by  their  inherently 
lower  operating  expenses.    Here  I  may  be  taken  up  short 
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that  last  phrase  about  "inherently  lower  operating  ex 

penses."     .Nevertheless,  it  is  true. 

MOTOR-BUE    EXPENS] 

It  has  been  my  work  to  analyze  a  great  variety  of 
motor-bus  expenses,  both  real  and  theoretical.  The  real 
set-ups  of  actual  expenses  have  been  chiefly   in  Gi 

Britain,  where  the  motor-bus  is  a  valuable  and  impor- 
tant part  of  the  mass-transportation  system  ami  is  al- 
always  in  railway  hands.  Although  the  basic  costs 
differ  materially  from  ours  in  at  least  the  item  of  fuel,  we 
know  that  they  are  based  on  actual  and  not  theoretical 
conditions.  When  we  look  for  the  corresponding  items 
in  cost  set-ups  in  this  Country  we  find,  with  few  excep- 
tions, that  a  considerable  number  of  items  have  been 
overlooked.    For  example,  many  of  the  estin  how  a 

cost  of  1  cent  per  seat-mile,  whereas  inclusion  of  all 
legitimate  items  in  company  operation  would  bring  the 
to  1.5  and  even  2.0  cents  per  seat-mile.  The  ac- 
counts of  electric  railways  operating  motor-buses  con- 
firm this  estimate.  Double-deck  buses  would  be  some- 
what cheaper,  of  course,  on  the  seat-mile  basis.  On  the 
basis  of  the  few  well-kept  accounts  available  in  the 
United  States  it  would  seem  that  a  10-cent  fare  is  the 
right  fare  for  high-grade  motor-bus  service  covering 
rides  in  excess  of  3  or  4  miles  average  length.  Only 
one-man  operation  in  congested  streets  and  within  a 
route  length  of  2  miles  offers  the  opportunity  for  any- 
thing like  a  5-cent  fare. 

The  statements  of  the  average  jitney  operator  are  poor 
guides  to  the  correct  cost  estimate  of  a  genuine  motor- 
bus  service.  The  jitneur  works  many  more  hours  per 
day  for  himself  than  he  would  work  for  others,  in  run- 
ning the  car  and  in  taking  care  of  it.  He  has  a  direct 
incentive  to  collect  all  the  fares  and  to  waste  no  mate- 
rials. He  is  just  as  liable  as  not  to  store  his  bus  in  the 
open.  As  for  a  standard  of  cleanliness,  heating  and 
maintenance,  it  does  not  exist  and  therefore  costs  noth- 
ing to  get.  The  statements  of  builders  are  necessarily 
more  general.  It  is  right  for  them  to  expect  a  certain 
number  of  miles  per  gallon  of  gasoline  and  lubricant  and 
to  anticipate  a  certain  maintenance  cost  and  depreciation 
per  mile  on  the  assumption  that  the  operator  will  be  care- 
ful and  that  he  is  equipped  with  proper  facilities.  It  is 
not  right  for  the  prospective  purchaser  to  accept  these 
estimates  unless  he  knows  he  can  fulfil  the  builders'  ex- 
pectations in  those  two  respects. 

Daily  mileage  is  an  important  element  in  determining 
costs.  There  is  a  wide  difference  between  the  cross  country 


vehicle  that  will  make  a  practically  non-stop  run  over  a 
perfeel  highway  with  a  good  load  between  its  terminals 
and  the  vehicle  that  will  be  used  in  any  of  the  many  varie- 

i i tl'erence  whether  one  runs 
200  or  LOO  mile£  p.m. lav.  The  bus  may  be  perfectly  capable 
of  doing  200  miles,  but  will  there  be  any  necessity  for  it 
in  the  given  situation'.'  As  previously  indicated,  a  num- 
ber of  uses  for  the  motor-bus  lie  in  the  operation  of  ex- 
tensions or  crosstown  services  where  traffic  is  thin  ami 
it  Is  cheaper  to  have  long  lie-overs  than  to  keep  the  ve- 
hicle shuttling  back  and  forth.  As  a  matter  of  fact,  the 
operating  cost  of  a  modern  safety  one-man  car  is  little 
more  than  half  as  much  as  the  operating  cost  of  a  motor- 
bus  of  equal  capacity.  When  we  come  to  larger  units, 
such  as  two -ear  and  three-ear  surface  trains,  the  dispar- 
ity is  just  as  great,  aside  from  the  fact  that  the  same 
capacity  in  buses  of  single-deck  type,  in  any  ease,  would 
not  be  available  in  the  same  area.  The  superiority  of 
the  best  motor-bus  to  the  best  street-car  does  not  lie  in 
any  saving  in  operating  or  running  costs.  It  lies  in  the 
ability  to  meet  situations,  some  of  which  already  have 
been  described,  that  no  track-bound  vehicle  of  any  type 
could  solve.  We  cannot  expect  the  bus  to  replace  the  car 
on  a  large  scale  except  where  the  electric  railway  delib- 
erately commits  suicide.  We  can  expect  it  to  do  what  it 
already  has  done  in  Great  Britain,  to  put  a  stop  to  all 
trackage  development  except  extensions  that  will  have 
heavy  travel  from  the  very  first  day  that  such  routes  are 
completely  opened  for  the  regular  transportation  of 
passengers. 

The  great  sums  that  have  been  put  into  electric  rail- 
ways are  not  to  be  wiped  out  forthwith,  although  they 
are  to  be  cut  by  the  lopping  off  of  weaker  lines  and  small 
systems.  But  the  future  does  belong  almost  entirely  to 
the  motor-bus  because  it  makes  possible  the  investment 
of  capital  in  direct  proportion  to  the  business  available 
instead  of  demanding  almost  as  much  investment  for 
50,000  as  for  500,000  ear-miles  per  annum.  It  is  not  nec- 
essary to  assume  the  complete  supersession  of  the  elec- 
tric city-railway  as  a  necessity  for  large  motor-bus  de- 
velopment. The  appetite  of  the  people  for  transporta- 
tion is  far  from  satiated.  What  we  should  strive  for  is  to 
secure  constructive  coordination  rather  than  destructive 
competition,  realizing  that  mass  transportation  is  inher- 
ently a  monopoly  and  should  be  under  one  direction 
whether  the  vehicles  are  propelled  on  a  track  or  on  tires, 
by  electricity  or  by  internal  combustion.  Only  in  that 
way  will  each  form  of  transportation  find  its  true  eco- 
nomic place. 
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prime  requisite,  in  the  case  of  which  the  relative  merits 
of  wet  and  dry  mixtures  are  still  debatable. 

Professor  Norman: — In  that  connection  I  would  like 
to  have  the  power  of  the  tractor  determined  after  it  has 
been  plowing  several  months.  With  a  wet  mixture  in- 
cluding raw  fuel  entering  the  tractor-engine  cylinders  on 


starting,  it  passes  the  pistons,  dilutes  the  crankcase  oil 
ami  becomes  mixed  with  some  of  the  dust  of  the  field  in 
the  cylinders.  At' the  end  of  a  season's  plowing,  on  ac- 
count of  the  leakage  and  friction,  the  condition  is  worse 
in  point  of  power  than  it  would  be  if  the  dry  mixture  had 
been  used  all  the  time. 
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AFTER  indicating  the  line  of  development  since  No- 
vember, 1918,  toward  making  the  internal-com- 
bustion engine  better  adapted  to  aircraft  service,  the 
successful  application  of  the  supercharger  to  improve 
engine  performance  at  great  altjtude  is  described  and 
the  over-dimensioned  and  over-compressed  engine  also 
is  discussed  as  a  means  toward  that  end. 

The  use  of  anti-knock  compounds  to  permit  the  use 
of  high  compression-ratios  at  small  altitudes  without 
knocking  is  commented  upon  and  engine  size  is  consid- 
ered for  both  airplane  and  dirigible  service.  Further 
review  includes  air-cooling  experiments  in  reference 
to  the  air-cooled  radial  engine,  refinement  of  aviation- 
engine  details,  and  improvements  in  aircraft  power- 
plant  parts  and  fuel-supply  systems.  For  commercial 
aviation,  powerplant  reliability  and  low  cost  are  stated 
as  essentials.  Illustrations  are  presented  of  the  Super- 
charger and  of  the  engines  and  sylphon  fuel-pump  men- 
tioned. 

THE  purpose  of  this  paper  is  to  outline  briefly  the 
most  important  advances  in  aircraft  engines  that 
have  taken  place  since  the  armistice  was  signed 
on  Nov.  11,  1918.  These  developments  have  been  along 
the  lines  of  improving  engine  performance  at  altitude, 
increasing  power  and  efficiency  through  use  of  high  com- 
pression and  "doped"  fuel,  development  of  large  engine 
units,  experimentation  in  air-cooling,  and  refinement  of 
detail,  with  a  view  to  making  the  internal-combustion  en- 
gine better  adapted  to  aircraft  service. 

Perhaps  the  most  notable  of  these  developments  is  the 
successful  application  of  the  supercharger  to  improve  en- 
gine performance  at  great  altitudes.  The  desirability  of 
supercharging  was  realized  late  in  the  war  and  several 
experimental  superchargers  were  built  and  tested,  but  it 
was  not  until  about  six  months  after  the  armistice  that 
the  first  successful  flight  while  using  a  supercharger 
was  made  in  this  country.  The  supercharger  used  was 
designed  by  Dr.  S.  A.  Moss  of  the  General  Electric  Com- 
pany, and  was  installed  and  flown  at  McCook  Field  by 
the  engineering  division  of  the  Army  Air  Service.  Fig.  1 
is  a  photograph  of  the  present  type  of  General  Electric 
supercharger  mounted  on  a  12-cylinder  Liberty  engine. 
This  supercharger  is  a  development  of  the  one  that  was 
first  flown  in  the  spring  of  1919  and  has  been  in  success- 
ful use  since  that  time.  It  is  of  the  centrifugal  com- 
pressor type,  driven  by  a  single-stage  exhaust-driven  tur- 
bine. The  single  rotating  unit  consists  of  a  forged-steel 
compressor-rotor  that  is  located  in  an  aluminum  housing 
at  the  front  of  the  engine  and  on  the  same  shaft  with 
the  turbine,  which  is  immediately  behind  the  engine. 
The  compressor  outlet  discharges  into  the  intercooler  and 
thence  to  the  carbureters.  The  intercooler  is  a  new  de- 
velopment and  consists  of  a  bank  of  exposed  tubes  to  re- 
duce the  temperature  of  the  air  after  it  has  passed 
through  the  blower  and  become  heated  by  compression 
and  friction.  The  speed  of  the  turbine  blower-unit,  and 
hence  the  supercharging  pressure,  are  controlled  by  the 
exhaust  gates  or  bypass  valves  at  the  rear  of  the  exhaust- 
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manifolds,  which  govern  the  amount  of  exhaust  gases 
going  to  the  turbine.  The  normal  speed  of  the  rotating 
element  is  20,000  r.p.m.  The  supercharger  unit,  as  shown 
in  Fig.  1,  can  be  said  to  be  a  successful  development  in 
itself.  However,  the  problems  of  fuel  supply  to  the  car- 
bureters and  of  proper  carburetion  under  supercharging 
conditions  are  not  solved  in  a  satisfactory  manner,  and 
much  work  remains  to  be  done  along  this  line.  The  cool- 
ing of  the  supercharged  engine  and  the  necessary  vari- 
able-pitch propeller  are  special  problems  that  already 
have  been  worked  out  in  a  fairly  satisfactory  manner. 

The  Over-Dimensioned  and  Over-Compressed  Engine 

Another  method  of  improving  engine  performance  at 
altitude  that  has  received  much  attention  since  the  armi- 
stice is  the  over-dimensioned  and  over-compressed  en- 
gine that  has  been  developed  from  the  normal  type  by 
increasing  the  cylinder  bore  and  compression-ratio  with- 
out increasing  the  size  of  the  crankshaft,  crankcase,  con- 
necting-rods or  other  important  parts.  At  small  altitudes, 
the  oversize  engine,  as  it  is  called,  is  held  down  to  the 
maximum  power  output  of  the  original  normal  engine  by 
throttling  but,  above  a  certain  height  determined  by  the 
design,  it  can  be  run  wide-open  and  advantage  taken  of 
the  increased  performance  because  of  the  larger  dis- 
placement and  increased  compression-ratio.  Due  to  the 
decreased  air-density,  the  oversize  engine  is  subjected  to 
no  higher  cylinder  pressures  when  run  wide-open  at  or 
above  its  design  altitude  than  the  normal  engine  is  when 
run  wide-open  at  sea  level.  A  remarkable  feature  of  the 
ever-compressed  engine  is  the  great  fuel  economy  made 
possible  by  the  high  compression.  Even  when  throttled 
to  the  maximum  allowable  power  output  at  sea  level, 
brake  thermal  efficiencies  of  over  28  per  cent  are  obtained 
readily  and  it  is  probable  that  slightly  higher  efficiencies 
are  obtained  under  favorable  circumstances  at  the  small- 
est altitude  at  which  the  engine  can  be  run  wide-open. 
Notable  examples  of  over-dimensioned  and  over-com- 
pressed engines  are  the  B.M.W.  engine  which  was  put 
into  service  by  the  Germans  just  before  the  armistice, 
and  the  Packard  12-cylinder  engine,  shown  in  Fig.  2, 
which  is  a  joint  development  of  the  Packard  Motor  Car 
Co.  and  the  engineering  division  of  the  Air  Service. 
The  Liberty  engine  also  has  been  successfully  modified 
to  incorporate  the  over-compression  feature  and  thus  im- 
prove its  performance  at  great  altitude. 

Anti-Knock  Compounds 

Coupled  closely  with  the  development  of  the  over- 
compressed  engine  is  the  adoption  of  special  anti-knock 
compounds  to  be  mixed  with  gasoline  to  allow  the  use  of 
high  compression-ratios  at  small  altitudes  without  knock- 
ing or  detonation.  The  work  done  by  Thomas  Midgley, 
Jr.,  of  the  General  Motors  Research  Corporation,  has  been 
applied  to  aviation  engines  with  distinct  success.  This  is 
particularly  useful  in  military  work  where  the  maximum 
possible  power  output  of  a  given  engine  may  be  demanded 
at  small  altitudes,  for  special  types  of  service.    By  using 
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jounds,  it  has  been  possible  to  raise  the  compression- 
ratio  of  the  Liberty  engine  sufficiently  to  increase  the 
tee-level  power-output  12  per  cent  without  increasing 
he  amount  of  fuel  consumed.  By  sacrificing  only  a  p 
>f  this  gain  iii  power  and  still  using  the  anti-knock  com- 
iouihI,  the  increased  compression-ratio  allows  extremely 

fuel-mixtures  to  be  burned  with  remarkable  results 
n  respect  to  fuel  economy.  Under  such  conditions  the 
luel  consumption  of  the  Liberty  engine  can  be  brought 
town  to  0.44  lb.  per  b.  hp-hr.  in  actual  flight,  or  a  brake 
thermal  efficiency  of  nearly  30  per  cent,  which  is  consid- 
■ralily  better  than  that  of  the  average  Diesel  engine. 

A  notable  instance  of  the  possibility  of  obtaining  high 
tower-output  by  raising  the  compression-ratio  and  using 
in  anti-knock  compound  is  the  case  of  a  5  x  7  in.  cylinder 
ised  by  the  engineering  division  of  the  Air  Service  for 

,\ork.     This  cylinder  repeatedly  has  given  over  42 


!  — Tl(E   Moss   SUPERCHARGER   MOUNTED  ON   A    IJ-CyliNDBR 

Liberty  Engine 

b.  hp.  at  1700  r.p.m.,  which  corresponds  to  a  brake  mean 
effective  pressure  of  142  lb.  per  sq.  in.  and  an  indicated 
mean  effective  pressure  of  177  lb.  per  sq.  in.  If  the  Ford 
engine  could  be  made  to  give  the  same  power-output  in 
proportion  to  its  displacement,  54  hp.  would  be  developed 
instead  of  the  normal  output  of  18  hp.  A  significant 
phase  of  the  use  of  anti-knock  compounds  and  high  com- 

ion-ratios  is  that  the  maximum  pressures  that  oi 
in  the  cylinder,  and  hence  the  maximum  stresses  in  the 
engine,  are  not  increased  greatly.  A  considerable  amount 
of  detonation  is  present  in  aviation  engines  of  normal 
compression-ratio  using  standard  aviation  fuel  and,  when 
this  detonation  is  eliminated  by  an  anti-knock  compound, 
the  compression-ratio  can  be  increased  considerably  with- 
out reaching  cylinder  pressures  as  high  as  those  of  de- 
tonation under  the  normal  conditions.  By  using  a  small 
percentage  of  such  a  compound  in  the  fuel  with  engines 


Fig.   2 — A  12-Cyi.indbr  Engine  Thai   Was  Deveiloped  Jointly  by 
the  Packard  Motor  Car  Co.  and  the  Engineering  Division  ok  the 

Air  Service 

of  the  engine  and  its  reliability  can  be  increased  con- 
siderably. 

Aircraft-Engine  Size  and  Cooling 

In  regard  to  engine  size,  the  advent  of  aviation  engines 
of  over  500  hp.  has  been  a  distinct  development  since  the 
armistice.  The  only  successful  engine  of  over  500  hp.  to 
be  flown  before  the  armistice  was  the  Italian  12-cylindei 
F.I.A.T.,  that  was  rated  at  650  hp.  This  is  a  very  heavy 
engine  for  its  power,  and  just  how  successful  it  has  been 
is  open  to  question.  Since  the  armistice  there  have  been 
designed  and  built  in  England  four  types  of  engine  of 
500  hp.  or  over,  one  of  which,  the  Napier  Cub,  has  been 
reported  recently  to  have  developed  over  1000  b.  hp.  on 
test.  Approximately  12  engines  of  500  hp.  or  over  have 
been  designed  in  France,  but  just  how  many  of  them 
have  been  actually  built  and  tested  is  not  known.  So  far 
as  can  be  learned,  none  of  the  large  British  or  French 
engines  has  yet  passed  the  experimental  stage.  This 
country  has  produced  the  500-hp.  Packard  engine  shown 
in  Fig.  3  and  the  engineering  division  of  the  Air  Service 
the  700-hp.  Model-W  engine  illustrated  in  Fig.  4,  both  of 
which  bid  fair  to  be  successful  types.  Plans  are  being 
laid  in  this  Country  for  even  larger  engines  and  the  limit 
in  the  size  and  number  of  cylinders  has  not  yet  been 
reached.     It   is  believed  that  the  large  engines,  making 


Fig.  3 — The  550-Hp.  Engine  Produced  by  the  Packard 
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possible  very  large  airplanes,  may  lead  to  unforeseen  de- 
velopments in  commercial  as  well  as  military  aeronautics. 

The  situation  in  this  Country  in  regard  to  engines  for 
lighter-than-air  service  has  improved  to  some  extent 
since  the  armistice.  At  that  time  there  was  only  one 
small  American  engine  designed  especially  for  dirigible 
use.  At  present  at  least  two  American  firms  are  building 
350-hp.  engines  that  incorporate  all  of  the  most  uptodate 
requirements  of  this  service.  This  development  is  being 
carried  on  under  the  direction  of  the  Bureau  of  Engi- 
neering of  the  Navy  Department. 

Appreciating  the  important  advantages  of  the  air- 
cooled  radial  engine  for  certain  classes  of  service,  the  en- 
gineering division  of  the  Air  Service  has  conducted  ex- 
periments on  air-cooling  on  an  extensive  scale.  Due  to 
the  extraordinary  difficulties  in  air-cooling  cylinders  of 
sufficiently  large  size  for  military  engines,  this  work  has 
proceeded  slowly  and  no  engines  of  this  type  have  yet 
emerged  from  the  experimental  stage.  Considerable 
progress  has  been  made,  however,  and  it  can  be  predicted 
confidently  that  a  successful  air-cooled  engine  of  over 
300  hp.  will  be  forthcoming  within  the  present  year.  In 
connection  with  the  subject  of  air-cooling  considerable 
credit  is  due  the  Lawrence  Aero  Engine  Corporation  for 
having  developed  a  small  air-cooled  aviation  engine  the 
performance  of  which  equals  that  of  the  average  water- 
cooled  aviation  engine  in  proportion  to  its  displacement. 

Aircraft  Powerplant  Refinement 

In  addition  to  the  specific  developments  already  de- 
scribed, there  has  been  remarkable  refinement  of  detail 
in  aviation  engines.  From  the  viewpoints  of  mainte- 
nance, installation,  and  accessibility  of  those  parts  re- 
quiring frequent  attention  in  particular,  much  progress 
has  been  made.  Figs.  2  and  3  show  in  part  how  this  has 
been  accomplished.  The  absence  of  accessories  on  the 
anti-propeller  end  of  the  engine,  which  usually  abuts  a 
fire-wall  in  an  airplane  installation,  is  particularly  no- 
ticeable. The  carbureters  are  located  below  the  crank- 
case  both  for  accessibility  and  to  allow  the  use  of  grav- 
ity fuel-feed.  The  water  pump,  oil-screen,  ignition  appa- 
ratus and  spark-plugs,  where  possible,  are  all  located  so 
as  to  be  accessible  from  the  sides.  The  importance  of 
such  details  in  aviation  work  cannot  be  overestimated,  be- 
cause so  much  depends  upon  keeping  the  engine  accesso- 
ries in  good  condition. 

Parts  of  the  aircraft  powerplant  outside  of  the  engine 
have  been  undergoing  steady  development.  This  is  espe- 
cially the  case  with  the  cooling  system.   Relieved  from  the 
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Fig.   5 — The  Sylphon  Pump  for  the  Fuel-Supply  System  of  an 
Airplane  That  Was  Designed  by  the  Air  Service 

pressure  of  war  work,  the  various  research  laboratories 
have  had  time  to  determine  carefully  the  most  efficient 
and  practical  types  of  radiator  core.  The  best  modern 
cores  are  built  up  of  thin  copper  tubes  approximately  *4 
in.  in  diameter;  and  these  are  expanded  to  hexagonal 
shape  at  either  end,  where  they  are  soldered  together. 
The  length  of  the  tubes  varies  from  4  to  9  in.,  depend- 
ing upon  the  air  velocity  through  the  core.  This  type  of 
core  lends  itself  readily  to  quantity  production  and  has 
a  relatively  high  efficiency. 

New  developments  in  the  fuel-supply  system  include  the 
abandonment  of  the  air-pressure  method  for  military  use, 
due  to  its  vulnerability.  Instead,  fuel-pumps  driven  by 
the  engine  are  becoming  almost  universal,  although  wind- 
driven  pumps  are  still  popular.  The  sylphon  pump  de- 
signed by  the  Air  Service  and  shown  in  Fig.  5  is  a  very 
successful  engine-driven  pump  of  which  the  operating 
member  consists  of  a  pair  of  cylindrical  metal  bellows 
operated  by  cams,  with  a  spring  return  to  limit  the  maxi- 
mum pressure  without  the  use  of  relief  valves.  For 
military  service  an  auxiliary  system  is  invariably  sup- 
plied, which  is  either  gravity  or  hand-operated.  Com- 
mercial powerplants  usually  employ  the  ah'-pressure  sys- 
tem because  of  its  simplicity  and  reliability.  ■ 

One  thing  that  does  not  appear  to  have  been  developed 
in  this  Country  is  an  engine  entirely  suitable  for  com- 
mercial aviation.  Here  powerplant  reliability  becomes  a 
very  important  factor,  since  the  safety  of  the  passengers 
or  the  goods  carried  depends  upon  the  continuous  opera- 
tion of  the  engine.  This  aspect  of  the  situation  has  been 
obscured  somewhat  in  military  aeronautics,  where  many 
other  factors  are  thought  to  be  of  nearly  equal  impor- 
tance. It  is  believed  that  the  greatest  single  step  toward 
successful  commercial  aviation  would  be  the  development 
of  a  powerplant  as  reliable  as  that  of  the  marine  steam- 
engine.  The  problem  of  reliability  is  as  much  one  of 
the  smaller  parts  of  the  powerplant,  such  as  the  fuel- 
supply  and  the  ignition  systems  and  spark-plugs,  as  it  is 
of  the  engine  itself,  and  in  making  these  parts  more  de- 
pendable lies  an  important  field  for  future  development. 

Another  extremely  important  requirement  of  the  com- 
mercial engine  is  low  cost.  Here,  again,  the  military 
designs,  in  which  cost  is  a  minor  consideration,  have  ex- 
erted a  retarding  influence.  Present-day  airplane  engines 
are  enormously  expensive  in  both  initial  cost  and  mainte- 
nance and  until  this  phase  of  the  situation  shall  have 
been  overcome  the  development  of  the  commercial  air- 
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THK  author  discusses  drop-forging  practice  from  the 
dpoint  of  the  materials  used,  and  strongly  ad- 
vocates a  more  rigid  inspection  and  testing  uf  raw 
products  to  determine  their  fitness  for  use  in  making 
automatic  forgings. 

Seven    specific   possibilities   of  actual   difference  be- 
tween drop-forgings  that  are  apparently  identical  are 
stated,  the  requirements  of  the  inspection  of  raw  stock 
are  commented  upon,  and  the  heat-treatment  and 
ing  of  finished  forgings  are  considered  at  some  length. 

Tabular  data  of  the  chemical  analyses  and  physical 
properties  of  107  different  heats  of  carbon-steel  used 
recently  are  presented  and  show  a  variation  in  draw- 
ing temperatures  of  140  deg.  fahr.  in  steels  of  practi- 
cally the  same  chemical  composition  to  meet  the  same 
physical-property  specification,  based  on  more  than 
1000  tests  on  this  grade  of  steel  taken  from  production 
stock.  The  concluding  summary  has  five  specific  divi- 
sions. 

SOME  very  rapid  and  stupendous  developments  have 
occurred  in  a  large  number  of  industries  within  the 
past  decade.  Chief  among  these  is  the  automotive 
industry,  which  has  forged  forward  from  a  compara- 
tively inconspicuous  beginning  to  become  one  of  the 
largest  and  most  highly  specialized  industries  of  today. 
One  of  the  principal  reasons  for  this  rapid  development 
is  the  willingness  and  eagerness  with  which  those  in  re- 
sponsible charge  seized  upon  and  completely  assimilated 
new  ideas  and  methods  that  make  for  better  and  more 
rapid  production.  Many  industries  have  contributed 
toward  this  development  either  directly  or  indirectly.  It 
is  impossible  to  measure  with  any  degree  of  accuracy  the 
exact  value  of  each  of  their  contributions.  The  drop- 
forging  industry,  which  itself  is  comparatively  young, 
has  contributed  in  a  large  measure  to  this  phenomenal 
advance  by  successfully  forging  from  steels  of  various 
compositions  some  of  the  most  vital  parts  that  enter  into 
the  construction  of  automotive  vehicles.  In  the  early  his- 
tory of  the  automotive  industry,  when  quantity  require- 
ments were  small,  the  cost  of  drop-forgings  was  pro- 
hibitive to  a  large  extent.  The  result  was  that  the  manu- 
facturer was  compelled  to  resort  to  castings  or  "hand- 
forgings  to  supply  his  needs.  As  his  requirements  in- 
creased and  designs  became  more  stabilized,  he  was  able 
to  purchase  drop-forgings  of  far  superior  quality  to 
compete  in  price  with  castings  and  hand-forgings. 

Drop-forgings  for  automotive  construction  are  made 
today  in  large  quantities  from  a  great  variety  of  steels, 
both  plain-carbon  and  alloy,  the  particular  grade  of  steel 
used  being  dependent  upon  the  part  to  be  forged  and  the 
duty  required  of  the  part.  With  the  increase  in  the  num- 
ber of  forge-shops  that  has  occurred  within  the  last  few 
years,  it  is  no  longer  a  problem  to  have  a  forging  made, 
but  rather  to  secure  the  necessary  quality  in  the  forging 
when  completed;  and  this  matter  of  satisfactory  quality 
is  not  something  that  is  apparent  on  the  surface  of  the 
forging.  Two  forgings  may  be  identical  in  appearance, 
size,  shape,  amount  of  finish  and  even  forged  from  the 
same  grade  of  material;  yet,  from  a  quality  standpoint, 
they  may  be  decidedly  different.    This  difference  may  be 


due  to  any   one  or  to  a  combination  of   the   following 
factors 

(1)  Method  of  forging 

(2)  Method'  for  forging 

(3)  Inspection  and  supervision  of  forging 

(4)  Inspection  of  raw  stock 

(5)  Segregation  of  raw  stock 

(6)  Heat-treatment  of  the  finished  forging 

(7)  Testing  of  the  finished  product 

It  is  not  the  intention  to  discuss  the  effects  of  all  of 
these  factors  on  a  finished  forging,  but  rather  to  confine 
the  discussion  to  the  last  four,  these  having  to  do  with 
the  materials  entering  into  the  forging  and  with  its  sub- 
sequent treatment. 

Inspection  of  Raw  Stock 

Inspection  of  raw  stock  should  consist  of  (a)  surface 
inspection  to  determine  the  fitness  of  the  material  for  use 
in  forgings,  such  as  an  examination  for  size,  seams,  scale, 
burns  and  the  like,  and  (o)  chemical  analysis  to  deter- 
mine the  fitness  for  use  in  the  various  parts,  to  deter- 
mine the  segregation  of  the  elements  in  the  bars  and  to 
determine  mixed  heats. 

Mixed  heats  are  of  two  kinds,  those  that  are  deliberately 
mixed  at  the  mill  and  those  that  are  accidentally  mixed 
at  the  mill.  Under  deliberately  mixed  heats,  we  find 
steels  of  the  same  grade  but  from  different  melts  that  are 
rolled  into  bars  and  furnished  to  a  customer  under 
the  same  heat  number.  Such  heats  are  made  up  from 
ingots  that  have  the  same  or  nearly  the  same  chemical 
composition  as  to  the  hardening  or  alloying  constituents. 
Heats  of  this  character  are  an  endless  source  of  trouble 
to  forge-shops  that  endeavor  to  keep  melts  of  steel  of  the 
same  grade  segregated.  Unintentionally  mixed  heats  are 
due  to  a  few  bars  of  a  different  grade  of  steel  becoming 
misplaced.  While  this  is  a  source  of  annoyance,  it  is 
readily  detected  chemically  and  the  bars  are  then  rejected. 

Segregation  of  Raw  Stock 

Segregation  of  raw  stock  of  the  same  grade  by  melts 
is  absolutely  essential  if  quality  forgings  are  to  be  pro- 
duced. Many  shops  and  plants  fail  to  recognize  this  fact 
and  segregate  their  stock  by  size  and  grade  only.  It  not 
only  is  necessary  to  segregate  the  stock  in  the  yard,  but 
it  is  equally  necessary  to  segregate  the  forgings  made 
from  this  stock  until  they  have  been  completely  heat- 
treated  and  are  ready  to  ship  to  the  customer. 

Heat-Treatment  of  Finished  Forgings 

The  necessity  for  segregation  of  raw  materials  as  well 
as  segregation  throughout  the  entire  process  of  fabrica- 
tion can  best  be  demonstrated  by  our  experience  on  pro- 
duction work.  Time  and  space  will  not  permit  of  the  dis- 
ion  of  the  different  grades  of  steels  used.  The  ten- 
dency found  in  the  simple  carbon-steel  summarized  in 
Table  1  holds  for  all  steels,  including  the  more  complex 
alloy-steels.  Table  1  gives  chemical  analyses  and  physi- 
cal tests  on  production  work  for  107  different  melt3  of  a 
plain  carbon-steel  purchased  under  the  specification  given 
he  head  of  the  table. 

These  steels  were  purchased  from  a  number  of  differ- 
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TABLE  1 — CHEMICAL  ANALYSES  AND  PHYSICAL  TESTS  MADE  ON  A  0.40  TO  0.50-PER  CENT  CARBON  STEEL 
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7 

0.480 

0.800 

0.015 

0.048 

76,350 

115,600 

21.9 

53.0 

233 

8 

0.470 

0  650 

0.009 

0.044 

7H.950 

115.425 

20.4 

50,6 

233 

9 

0.420 

0.680 

0.019 

0.044 

76,300 

113,200 

20.3 

53.3 

241 

n 

0.410 

0.660 

0.015 

0.040 

78,350 

115,950 

20.0 

52.7 

237 

ii 

(1  390 

0.690 

0.0  9 

0.042 

71.700 

110,700 

21.6 

52.9 

238 

12 

II  420 

0.740 

0.014 

0.038 

77 , 775 

115.500 

21.9 

54.1 

236 

13 

1)    130 

0.700 

0.015 

0.039 

81,350 

122,800 

19.6 

53.0 

241 

14 

0.409 

(i  620 

0.019 

0.035 

78.300 

117.100 

20.3 

51.2 

238 

15. 

0.480 

0.680 

0.016 

0.034 

80,200 

lis. 325 

19.8 

52    t 

238 

16 

0.41(1 

0.780 

0.027 

0.042 

75 , 150 

112.625 

22.2 

55.4 

241 

Group  C— 

-Drawing  Temperature.  1,020  Deg.  Fahr. 

17 
18 
19 

0.460 

0.430 
0.470 

0 .  740 
0.740 
0.630 

0.01  1 
0.018 
0.014 

0.034 

0.032 
0.046 

74,575 
75,625 
77.200 

110,400 
114,250 
116,600 

21.2 

21.5 
22.2 

55.  S 
53.3 
52.5 

234 
236 
230 

20 
21 
22 

0,470 
0.4S0 
0.540 

0.630 
0.730 
0.630 

0.017 

0.020 
0.020 

0.053 
0.043 
0.039 

75,450 
76,250 
82,400 

115,450 
114.900 
122,800 

20.4 
21.5 
21.1 

51.7 
52.6 
51.5 

238 
238 
23S 

23 
24 
25 

0.470 
0.430 
0.510 

0.740 
0.590 
0.750 

0.018 
0.016 
0.028 

0.05S 
0.031 
0.034 

79,200 
76,400 

78,450 

118,000 
113,900 
117,250 

22.4 
22  s 
21.7 

53.8 
56.0 

54.5 

240 
241 
239 

Group  D — Drawing  Temperature,  1,040  Deg.  Fahr. 


26 
27 
28 

0.500 
0.490 
il  480 

0.650 
0.750 
0.700 

0.022 
0.015 
0.024 

0.048 
0.040 
0.042 

78,800 
77 . 420 
7s, 000 

117,370 
114,200 
119,400 

19.5 
20.7 
20.9 

50.6 
51.8 
52.3 

239 
236 
239 

29 
30 
31 

0.5211 
0.500 
0.500 

0.700 
0.560 

0.690 

0.01S 
0.022 
0.018 

0.046 
0.046 
0.042 

76.500 
75,350 
79.500 

115,600 
114.175 
116.350 

20    1 
19.8 
21.2 

53 . 4 
51.2 

53.7 

241 
238 

241 

32 
33 
34 

0.500 

0.4SII 
0.470 

0.690 

0.820 
0.720 

0.016 
0.019 
0.015 

0.041 
0.053 

0.042 

76,150 
79,780 
75,100 

111',.  350 
118.500 
113,900 

20.0 
20.3 
20.3 

50   S 
52 . 3 
50.2 

238 
241 
235 

35 
36 

37 

0.420 
0.480 
0.440 

0.680 
0.640 
0.660 

0.019 
0.022 
0.022 

0.044 
0.012 
0.039 

76.309 
77,  '25 
79,960 

113.200 

1111,125 
118,120 

20.3 

22.8 
20.8 

53.3 
54.3 
53.0 

241 
238 
241 

38 
39 

40 

0.520 
0.510 
0.480 

0.830 

0.710 
0.650 

0.031 
0.042 
0.024 

0.041 
0.045 
0.046 

77,400 
78.300 
7'.  1.870 

112,900 

i in, ooo 

118,200 

21.0 
23.4 

20.3 

55 . 2 
55.8 

52  :; 

243 
240 
236 

41 
42 
13 

0.480 
0.490 
0.460 

0.820 

ii  660 
0.780 

0.025 

0.026 
0.009 

0.056 
0.052 
0.053 

76.275 
7S.850 
75,450 

114. soil 
116. 600 
113,125 

21.0 
22 . 0 
23.2 

52.9 
52.5 
56.5 

239 
237 
233 

11 
45 
46 

0.470 
ii   100 
0.450 

O.SOO 

o.sso 
0.700 

0  oil 
0.010 
0.036 

0.045 

0.04s 
0.043 

77,400 
76,250 
74,900 

115,500 
112,850 
114.000 

22.6 
21.8 
22.3 

55  0 
55.6 
53.4 

233 

237 
235 

47 
is 

(1    100 
0.460 

0.s:;o 
0.750 

0.026 
0.017 

0.040 
0.043 

79,000 

78.650 

117,400 
116, 750 

22.8 
23.0 

55.2 
56.5 

241 
234 

GrouD  E — Drawing  Temperature.  1,060  Deg.  Fahr. 


49 
50 
51 

0.500 
0.450 
0.4SO 

0.700 
0.680 
0.630 

0.021 
0.018 

O.O'JO 

0.043 
0.05  1 
0.042 

79,850 
78,150 
77,925 

118,100 
116,000 
116,900 

20.7   . 

20-3 

21.6 

.     51.0 
52.1 
53.9 

235 
241 
241 

52 

0.470 

0.700 

0  028 

0.040 

76,325 

1 1".  ,125 

21.3 

55 . 6 

233 

March,  19*2 


No.  3 


i  Mill:  1      CHEMICAL  ANALTSKS    UJD  PHYSICAL  TE8TB  \i  imi:  ON  A  0.40  TO  (I      '  ON  -n  1:1.  (CONCL1 


■ 

Mn 

P 

3 

\  ield- 

Elonga- 

Reduction 

Brinell 

0  100 

0.600 

0  045 

11  060 

P  lint, 

ngth, 

tion  in 

of 

II  irdi 

Mo 

!.. 

to 

111     |HT 

Hi.  per 

2  I 

\n-.-i. 

,00 

0  BOO 

max. 

max. 

-.|      111. 

Ml.     111. 

per  cent 

per  eenl 

No 

G« 

Di  wing  Temp  rature,  1,060  Deg    I  ihr    '  on 

n  100 

11   I'.O 
0    170 

,1  - 
11  r,i  1 

0  70(1 

2 

ii  013 
n  o 

It   Ills 

II  II  .1 

0  031 

76  250 
500 

81   .mi 

112 

1    7   7H  i 

119,310 

21   8 
20  8 

55  6 

.-.7   5 

237 
243 

60 

0.  1  0 
it.  130 
0.460 

11  780 
11  , 
0.61 

0  035 

ii  022 

032 

ii  051 
0.0 
0  0 

76.870 
75,950 
76.600 

115  i 

II.;, in  in 
113,950 

22    1 
22.0 

:,l   5 
53.6 

237 
240 

:  perai  ure,  !  "sn  I lr  S    Fahi 


61 

160 

ii  520 
ii   180 

0    Sill 

ii  580 
n  640 

ii  nl7 
(I  i, 
n  0 

ii  Hi  ; 
it  049 
0  054 

79  270 
76,250 
77,370 

118 

1 15,900 

117   100 

21  0 
21   2 
20  8 

:,l  0 
56.7 

238 
237 
239 

66 

0   180 

n   180 
ii   150 

ii  730 
0.700 
n  680 

ii  0 
ii  033 

II  (lis 

0  046 

ii  056 
ii  054 

sn  500 
79  200 
77,750 

119,900 
i 16  500 
117,150 

20  3 
20  o 

l!i  7 

50  0 

5  ;  6 

51  1 

238 
233 
242 

•■7 

69 

0.490 

ii  ISO 

0   150 

0  7 

ii  650 
0.730 

ii  026 
0.025 

ii  027 

n  055 
n  042 
0  043 

77,500 
79,600 
82,187 

1 15,900 

117. '."  i(» 
121.000 

22  3 

20  (» 
19  7 

55   1 
52   1 
51.7 

235 
238 
241 

7(1 
71 
72 

ii   140 
0.450 
0   (60 

0.760 
o  610 
0.740 

1 1  i  (2  : 
0.039 

0  049 

n  inn 
ii  040 

79  600 
7s  750 
79,270 

11 9. "00 
1 1  1 .  700 
115,500 

19  g 

20  7 

20   :, 

52  2 
54  2 

:,l   1 

'.'  I'J 
2  I.", 
2  12 

71 
77. 

II      tsll 

0.460 
0.490 

0.630 

it  830 

0.77H 

n  040 
n  034 
n  028 

0.043 

n  nl7 
n  nil 

77.000 
76  500 
79   150 

1 13,950 
113,000 
118,500 

21.1 

21.  1 
22    1 

52  7 

:,i  n 
54  2 

247 
246 
237 

76 

77 

0   130 

0.470 

0.7!  0 
0.760 

0.021 
0.022 

n  043 
0.046 

81, 100 
82.000 

120,900 

121.700 

21   6 
19.5 

52.9 
51.9 

241 
242 

Group  G— 

-Drawing  Temperature,  1,100  Deg.  Fahr. 

7s 
7'.i 
80 

n    180 
0   i 

ii  too 

0.730 
0.730 

0.690 

0  in  i 
n  015 

o.ou 

0.039 

n  n:\n 

II  Ills 

78,250 

78  .:  0 
75,100 

117,625 

115    H "  I 
113, 1 

21   8 
21   6 
20  6 

55.9 

56  0 

237 
244 
243 

81 

0.4  Id 
0   120 
0  7*0 

0.760 
0.790 
0.660 

n  023 
0  0 
0  030 

0.049 

n  046 
n  037 

77,100 
75,200 

7i  1.070 

112,500 
1 12,160 
116, 100 

21.1 

22.1 
20  3 

56  2 

5 1 . 5 
52  8 

243 

241 
241 

M 
85 

0.480 
0.430 

0.430 

0.61  'i 
0.920 
0.810 

0.039 
0.038 
0.027 

051 
0.0:  is 
0  032 

76,600 
7ii.2O0 

77, '.Mill 

1 12  950 
113,900 

11  :,.ooo 

21.5 
24.0 

23.5 

57  0 
57.3 
57.2 

246 
238 
241 

87 
B8 

0  400 
0.460 

0  850 

0.610 

0  0 
0.034 

0.046 

0.039 

7s, COO 
75.650 

117, 120 
13  600 

22.9 
23.6 

5  1 . 6 
57.6 

242 
238 

ip  ll- 

Drawing  Temperature,  1.120  Deg,  Fahr. 

89 

■  11 
'.U 

160 

0  7.00 
0.440 

0  740 
0  780 
0.820 

ii  0 
0  0 
0  028 

0.040 

•HI 
'i  nil 

79 
82  250 

7s 

115,500 
120,650 

lln  500 

20  5 
19.9 

54  1 

55  0 

.-,'.1  7 

2  12 
248 
243 

92 
94 

n   wo 
0.450 
0.480 

n  690 
0.880 
0.740 

0  " 
0  0 
0.0 

043 
134 

si  nnn 
7'i   150 
77  7.-0 

1  is  750 
115.950 
115  200 

21.7 
22  0 

53  5 

;,7  5 

.-,1  s 

2  17 
2 13 
2  11 

95 

'.'7 

0.400 

11 
0.4SII 

0.700 
n  800 
0.680 

0  0 
0.0 

n  0 
0017 
0  037 

74,700 
82   150 

77  .770 

110,000 
119  300 
115  850 

22   I 

20  s 

21  7 

57.1 

;,l  :; 

241 
2  16 
239 

'.is 
99 

100 

0  120 
0.440 

0.4IO 

0  850 
0  860 
0.950 

0  038 
11  031 
11  025 

0.012 

n  037 
n  055 

77,750 

7s. 500 
.00 

113,550 

117,01111 
111 . 100 

21    s 
21.2 

.-,'.1  7 
7,7  2 
7,7    1 

.    243 

217 
240 

101 

102 

0.480 

120 

0.460 

0.710 
n  870 

0  V 

0.033 

0  0 
11  036 

0.055 

0.01s 
0.042 

80 

si  nun 

117  900 
120,625 

lis,  125 

21    :; 
21   6 

21    s 

7,1    1 
54    1 
54  2 

217 
243 

240 

104 

in.-, 

0   160 

n   i.-,o 

0   700 

0  r.'in 

0.0.::, 

O  I, 

0.043 

0.01s 

79,000 
75.250 

lis. 000 
111.500 

21  :: 

23.1 

52.5 
56.0 

2 13 

239 

Vol.  X 


March,  1922 


No.  3 


210 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


The  physical  properties  given  in  Table  1  are  an  aver- 
age of  ten  tests  selected  at  random  for  each  melt,  the  ten- 
sile test  in  every  case  having  been  made  on  a  prolonga- 
tion of  a  crankshaft  that  was  forged  to  a  diameter  equal 
to  the  maximum  section  of  the  shaft.  In  our  practice 
this  coupon  remains  attached  to  the  crankshaft  through- 
out the  various  operations  and  is  used  as  a  check  on  the 
heat-treatment  operations.  One  or  more  such  tests  are 
provided  for  each  furnace  charge,  the  number  depending 
upon  the  number  of  crankshafts  in  each  charge.  The 
diameters  used  vary  from  2%  to  2%  in.,  according  to  the 
particular  job  that  is  being  forged. 

The  location  of  test-specimens  was  in  every  case  at  a 
point  halfway  between  the  outside  and  the  center  of  the 
coupon.  The  axis  of  the  test-specimen  was  always  taken 
parallel  to  the  axis  of  the  coupon  from  which  it  was 
cut.  The  test-specimen  used  conforms  to  the  Society's 
standard  dimensions,  0.505  in.  diameter  and  2-in.  gage- 
length.  The  tensile  tests  were  all  made  on  a  100,000-lb. 
capacity  automatic  and  autographic  tensile-testing  ma- 
chine, using  the  50,000-lb.  counterpoise  on  the  beam, 
spherical-seated  grips  are  used  in  making  all  tensile 
tests.  The  Brinell  hardness  number  recorded  was  deter- 
mined on  the  crankshaft  after  first  grinding  and  pre- 
paring the  surface  it  does  not  necessarily  indicate  the 
hardness  of  the  test-piece  itself. 


A  study  of  the  results  given  in  Table  1  would  lead  to 
the  conclusion  that  the  chemical  composition  of  the  steel 
in  question  is  not  a  complete  criterion  of  the  heat-treat- 
ment to  be  specified  to  meet  the  requirements  of  a  defin- 
ite specification.  We  see  that  the  steels  reported  re- 
quire a  drawing  temperature  varying  from  980  to  1120 
deg.  fahr.  to  bring  them  within  the  limits  specified.  The 
uniformity  of  the  results  obtained  in  the  various  groups 
is  exceedingly  striking,  as  is  also  the  uniformity  be- 
tween the  various  groups. 

This  latter  uniformity  is  more  evident  in  Table  2 
where  the  averages  of  the  various  groups  given  in 
Table  1  are  summarized.  This  summary  brings  out  more 
clearly  that  the  variation  in  the  drawing  temperatures 
necessary  to  bring  these  various'  heats  of  steel  to  the 
common  specification  cannot  be  ascribed  wholly  to  the 
difference  in  the  chemical  composition  of  the  heats.  The 
variation  in  the  average  carbon  and  manganese-content 
of  these  steels  will  not  account  for  the  large  variation  in 
drawing  temperatures. 

It  does  not  require  much  play  of  the  imagination  to 
visualize  the  condition  of  a  charge  of  steel  made  up  from 
each  of  these  groups  and  treated  as  a  single  melt.  Such, 
however,  is  the  condition  when  stock  is  kept  only  by  size 
and  grade.  This  condition  can  also  exist  in  a  heat  of 
steel  that  is  intentionally  mixed  at  the  mill.     The  chem- 
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The  crankshafts  represented  by  these  tests  were  all 
quenched  in  water  from  1525  deg.  fahr.,  and  drawn  back 
to  the  temperature  specified.  The  furnaces  used  are 
automatically  controlled,  use  oil  for  fuel  and  have  a 
hearth  dimension  of  66  x  98  in.  The  temperatures  were 
all  measured  by  an  iron-constantin  thermocouple  pyrom- 
eter system,  which  was  checked  constantly  by  a  master 
pyrometer  used  exclusively  for  this  purpose.  The  con- 
trol mechanism,  which  is  very  positive  in  its  action,  is 
responsive  to  changes  of  5  deg.  in  temperature  between 
fire-off  and  fire-on.  The  charge  of  any  furnace  can  be 
held  for  any  length  of  time  at  any  predetermined  temper- 
ature, without  danger  of  over-running  as  in  hand-fired 
furnaces.  This  insures  accuracy  in  heat-treating  opera- 
tions. 

The  values  given  in  Table  1  have  been  grouped  accord- 
ing to  the  drawing  temperature  necessary  to  meet  the 
following  specification 

SPECIFICATION  OF  PHYSICAL  PROPERTIES 

Yield-Point,  lb.  per  sq.  in.  70,000 

Tensile-Strength,  lb.  per  sq.  in  100,000 

Minimum  Elongation  in  2  In.,  per  cent  18 

Minimum  Reduction  of  Area,  r>er  cent  50 


istry  of  the  steel,  as  has  been  shown,  is  not  a  sufficient 
criterion  to  allow  any  person  to  prescribe  heat-treatments 
with  any  degree  of  accuracy.  The  only  safe  way  to  de- 
termine this  is  by  actual  experimentation  for  each  melt 
of  steel  used. 

Testing  Finished  Forgings 
The  test  applied  to  finished  forgings  is  a  series  of 
either  tensile  or  Brinell-hardness  tests,  the  latter  being 
more  extensively  used.  For  quality  forgings,  both  should 
be  used.  It  is  comparatively  easy  to  treat  any  heat  of 
steel  to  meet  either  of  these  two  tests  when  used  sep- 
arately but,  when  both  conditions  are  to  be  met  at  the 
same  time,  the  task  becomes  somewhat  more  difficult  and 
with  some  melts  of  steel  it  is  impossible.  When  the 
Brinell-hardness  test  only  is  used  to  test  forgings,  noth- 
ing short  of  at  least  one  Brinell  test  on  each  forging 
should  be  countenanced.  If  this  is  not  done  and  the  vari- 
ous melts  of  steel  used  are  not  segregated  throughout  the 
yard  and  shop,  some  poorly  treated  forgings  are  sure 
to  be  the  result. 

Summary 

(1)    Steels  of  the  same  grade  and  of  the  same  chemical 
connjosition   do   not   respond   in   the   same  way  to 
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(2)  To  heat-treat  with  minimum  loss,  only  Steele  from 
the  same  melt  should  be  included  in  a  furnace 
charge 

(3)  Stock  subjected  to  heat-treatment  should  be  care- 
fully segregated  into  piles  of  the  same  melt;  it 
should  be  kept  segregated  throughout  the  entire 

process     of     fabrication     to     produce     satisfa. 
forcings  of  uniform  quality 


(4)  Tensile  and  bardi  should  be  required  on 
all  heat-treated  forgings  to  check  the  thorough- 
ness with  which  the  various  heat-treatment  opera- 
tions were  performed 

(5)  At  least  one  hardness  test  should  be  made  on  all 
heat-treated  forgings  to  insure  that  all  have  re- 
sponded  to   the    heal  treat n1    operations  in   the 

same  manner 


COMMERCIAL-BODY  SUPPLY  AND  SERVICE 
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sectional  bodies;  so  that,  while  much  might  be  done 
profitably  in  the  standardization  of  chassis  for  commer- 
cial cars,  the  situation  at  present  is  such  as  to  give  the 
user  some  latitude  in  the  choice  of  chassis  and  at  the 
same  time  secure  the  benefits  of  the  standardized  body. 
To  only  a  slightly  less  extent  this  condition  also  holds  for 
1-ton  trucks.  All  this  has  been  accomplished,  not  because 
of  recognized  standards,  but  in  spite  of  the  absence  of 
such  standards. 

Trucks  of  greater  capacity  have  not  been  produced  in 
sufficient  quantity  in  any  one  make  or  model  to  give  the 
standardized  heavy-duty  truck-body  a  fair  chance.  While 
the  advance  already  attained  in  the  commercial  and  light- 
truck  business  serves  to  emphasize  the  pressing  need  for 
truck-body  standardization,  this  standardization  cannot 
be  carried  out  successfully  until  the  truck  chassis  has 
been  standardized.  It  is  doubtful  whether  any  single 
step  could  be  of  more  immediate  advantage  to  the  truck 
industry  than  standardizing  chassis  body-mounting 
dimensions,  thus  enabling  body  production  to  be  put  on 
a  manufacturing  basis.  There  is  now  a  vast  difference 
in  all  chassis  dimensions  that  have  to  do  with  the  fitting 
of  the  body,  such  as  frame  widths  and  lengths,  rear- 
wheel  dimensions,  wheelbases,  driver's  seat  and  its 
location  and  all  controls.  Standardizing  frame  widths 
and  rear-wheel  dimensions  would  help  the  body-builder 
most,  but  the  length  of  the  frame  back  of  the  driver's 
seat  and  the  distance  from  the  driver's  seat  to  the  rear 


axle  should  be  given  attention  at  the  same  time,  estab- 
lishing, say,  a  range  of  three  lengths  for  each  body- 
capacity.  If,  in  addition  to  a  uniform  practice  in  these 
dimensions,  agreement  could  be  effected  on  a  standard 
difference  between  the  height  of  the  frame  from  the 
ground  and  the  diameter  of  the  rear  wheel  for  each 
capacity  of  truck,  the  heavy-duty  body-builder  would  be 
able  to  count  on  a  sufficient  volume  of  demand  to  justify 
marketing  standardized  bodies  for  these  trucks,  and  the 
truck  builder,  the  dealer  and  the  user  would  enjoy  all 
the  advantages  that  now  accrue  only  in  the  commercial 
car  and  light-truck  field. 

By  such  a  process  of  standardization,  not  only  the 
body-builders,  but  all  suppliers  of  material  to  them  could 
adopt  standards  that  would  reduce  their  costs  greatly, 
and  so  through  every  process  of  the;  body  industry  effect 
remarkable  savings.  The  delivery  to.  the  dealer  of  the 
mounted  body  could  be  made- immediately  from  stocks 
of  bodies,  including  a  wide  range  of  styles,  carried  by 
body-builders  having  branches,  or  distributors,  through- 
out the  country.  There  would  be  an  enormous  elimina- 
tion of  waste  through  the  user  getting  his  truck  and 
body  into  profitable  operation  without  any  loss  of  time 
and  continuing  their  use  without  expensive  lay-ups  for 
repairs;  all  on  account  of  the  superior  service  all  along 
the  line  that  can  be  made  possible  only  by  the  standard- 
ization of  such  chassis  dimensions  as  affect  body 
mounting. 
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1922    SUMMER    MEETING 

WHITE  SULPHUR  SPRINGS,  W.  VA. 

JUNE  20-24 

pv^TS  this  issue  of  The  Journal  goes  to  press,  the  Meetings  Com- 
pMufj  mittee  of  the  Society  announces  the  selection  of  White  Sulphur 
"^  Springs,  W.  Va.,  as  the  location  of  the  1922  Summer  Meeting. 
Rates,  reservation  blanks  and  a  description  of  this  unusually  attractive 
resort  will  soon  reach  the  members  in  The  Meetings  Bulletin. 
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Highway  Transportation  as  It  Affects 
the  Automotive  Engineer 


By  E.  W.  Templin1 


Pennsylvania  Section  Paper 


STATING  that  the  means  and  methods  of  transporting 
freight  over  the  highways  are  governed  by  six  fac- 
tors, the  author  enumerates  them  as  being  the  number 
of  ton-miles  of  goods  to  be  shipped,  the  shipping  points 
and  destinations,  the  kinds  of  highway  available,  the 
types  of  vehicle  most  suitable,  the  cost  of  operation  per 
ton-mile  and  the  rates  that  should  be  charged  for  the 
service.  The  purpose  of  the  paper  is  not  to  answer 
these  questions  but  to  determine  if  present  practice  is 
headed  in  the  right  direction. 

The  conditions  the  highway  must  meet,  in  addition  to 
the  gross  load  of  the  vehicles,  are  the  maximum  tire 
load,  the  pressure  per  square  inch  exerted  by  the 
tire  upon  the  pavement  and  the  value  of  any  im- 
pact blow  upon  the  pavement.  The  impact  blows  of 
pneumatic  tires  are  practically  negligible,  while  solid 
tires  build  up  the  impact  to  many  times  the  weight  of 
the  wheel  load;  this  is  proved  by  impact  tests  of  tires 
which  are  described  in  some  detail  and  illustrated. 

The  state  of  development  of  the  pneumatic  truck  tire 
and  average  mileage  obtained  by  its  users  are  treated 
specifically,  spring  suspension  and  steering  are  dis- 
cussed, a  summary  is  presented  in  three  divisions  and 
an  appendix,  giving  three  specific  results  of  tests  made 
by  the  Bureau  of  Public  Roads  on  the  six-wheel  truck 
the  author  describes,  is  included. 

HIGHWAY  transportation  is  being  recognized  aa 
a  way  of  augmenting  other  present  means  for 
transporting  goods.  It  offers  a  large  field  when 
the  possible  magnitude  of  the  ton-mileage  that  can  be 
delivered  over  the  highways  is  considered.     The  means 
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Fig.  1- 


-Beam-Testing  Machine  Employed  in  Making  Impact 
Tests  of  Solid  and  Pneumatic  Tires 


and  methods  for  transporting  freight  over  the  highways 
are  governed  by  the  following  factors : 

(1)  Number  of  ton-miles  of  goods  to  be  transported 

(2)  Shipping  points  and  destinations 

(3)  Kind  of  highways  available 

(4)  Types  of  vehicle  most  suitable 

(5)  Cost  of  operation  per  ton-mile 

(6)  Rates  that  should  be  charged  for  the  service 

The  purpose  of  this  paper  is  not  to  answer  these  ques- 
tions but  to  determine  if  present  practice  is  headed  in  the 
right  direction.    Quoting  from  Good  Roads 


Illustrated  with  Photographs  ahd  Charts 
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Fig.  2 — Close-Up  Views  of  a  6-In.  Solid  Tire  at  thb  Left  and  an 

S-In.  Pneumatic  Tirb  at  the  Right  Being  Pressed  Over  a  70-Lb. 

Railroad  Rail 

Almost  every  day  brings  a  new  example  of  the 
dependence  upon  motor  trucks  for  the  transportation 
of  goods.  Foodstuffs  are  hauled  from  the  farms  to 
markets,  lumber  is  brought  out  of  the  forests,  raw 
materials  of  one  kind  and  another  are  carried  to  the 
factories  and  manufactured  articles  are  distributed  to 
wholesalers  and  retailers.  Much  of  this  business  is  of 
the  short-haul  variety,  but  a  considerable  portion  is 
long-distance  hauling.  Regular  routes  of  500  to  600 
miles  no  longer  attract  general  attention.  This  develop- 
ment of  truck  hauling  is  due  to  the  growing  apprecia- 
tion of  the  advantages  of  highway  transportation.  In 
view  of  the  ever-increasing  demand  for  long-distance 
truck-hauling  it  seems  self-evident  that  there  is  a 
greater  need  than  ever  before  for  the  betterment  of 
the  highways.  If  trucks  are  to  render  anything  like 
the  maximum  service  of  which  they  are  capable,  at 
least  passable  roads  must  be  provided  for  their 
operation. 

Quoting  again  the  same  source  we  find  that,  by  the 
use  of  highway  transportation,  production  can  be  in- 
creased, costs  reduced  and  an  increased  revenue  to  the 
producer  assured. 

It  is  possible  to  double  farm  production  by  saving 
what  is  now  wasted.  This  makes  possible  a  wider  pro- 
ducing area  and  assures  the  prompt  arrival  of  perish- 
able goods  at  the  door  of  the  consumer  when  they  are 
in  the  best  condition  and  command  the  highest  price. 

It  is  necessary  that  good  roads  be  available  365  days 
of  the  year.  This  involves  a  system  of  snow  removal. 
During  the  war  snow  removals  under  State  and  Na- 
tional direction  were  organized.  This  work  could  well 
be  continued  now,  especially  in  keeping  open  that  20 
per  cent  of  roads  on  which  90  per  cent  of  highway  traffic 
is  concentrated: 

The  automotive  industry  recognizes  the  menace  to 
the  highways  of  excessively  heavy  trucks,  and  advo- 
cates that  no  vehicle  weighing  more  than  28,000  lb. 
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way  as  at  present  constructed.  It  believes  also  that 
the  increasing  use  of  pneumatic  tires  on  trucks  will 
reduce  the  damage.  We  are  equally  convinced  that  the 
highways  of  the  future  should  be  the  servants  of  trans- 
portation, not  its  master.  They  should  be  prepared  to 
accommodate  a  constantly  increasing  volume  of  haulage 
carried  by  trucks  of  whatever  size  that  shall  prove 
most  swift,  efficient  and  economical. 

The  conditions  the  highway  must  meet,  in  addition  to 
the  gross  load  of  the  vehicles,  are  the  maximum  tire  load, 
the  pressure  per  square  inch  exerted  by  the  tire  upon  the 
pavement  and,  since  there  are  irregularities  in  any  kind 
of  pavement,  the  value  of  any  impact  blow  that  the  tire 
may  exert  upon  the  pavement.     Pneumatic  truck  tires  do 


1 


not  in  any  measure  reduce  the  maximum  load  per  tire, 
but  they  decrease  the  pressure  per  square  inch  upon  the 
pavement.  They  present  twice  the  area  of  contact  on  the 
pavement  that  solid  tirea  of  corresponding  capacity  pre- 
sent. More  important,  however,  is  the  fact  that  the  im- 
pact blows  of  pneumatic  tires  upon  the  pavement  are 
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practically  negligible,  while  solid  tires  build  up  impact 
blows  to  many  times  the  weight  of  the  wheel  load.  The 
truth  of  this  statement  is  evidenced  by  the  following 
tests. 

Impact  Tests  of  Tires 

A  6-in.  solid  tire  was  compared  with  an  8-in.  pneu- 
matic tire,  since  in  practice  they  are  used  to  carry  corre- 
sponding loads.  Each  tire  was  placed  in  a  beam  testing 
machine,  as  indicated  in  Figs.  1  and  2,  and  a  load  was 
gradually  applied  so  as  to  depress  the  tire  over  a  70-lb. 
railroad  rail.  Readings  of  the  load  and  the  corresponding 
depression  were  taken  at  regular  intervals.  Under  a  7000- 
lb.  load  the  new  solid  tire  deflected  0.7  in.,  but  the  corre- 
sponding 8-in.  pneumatic  tire  deflected  3.4  in.,  or  4.9 
times  as  much.  However,  for  consideration  of  tire  ef- 
fects upon  the  highway,  the  worn  solid  tire  should  be  the 
one  considered.  The  three-quarter-worn  solid  tire  about 
1  in.  thick  depressed  only  0.3  in.  under  a  7000-lb.  load 
and  the  corresponding  pneumatic  tire  depressed  3.4  in., 
or  slightly  more  than  11  times  as  much.  These  same  tests 
were  repeated  with  a  12-in.  solid  tire  against  a  12-in. 
pneumatic  tire.  It  was  found  that  practically  the  same 
proportions  hold. 

A.  F.  Masury  has  taken  advantage  of  the  Novograph 
motion-picture  machine  to  study  the  depression  of  pneu- 
matic as  compared  with  solid  truck  tires.  The  very  in- 
genious method  of  having  the  trucks  leap  into  the  air 
and  come  down  against  the  pavement  was  used.  This 
without  doubt  introduces  the  most  extreme  stresses.  In 
his  conclusions2  he  compares  two  trucks  of  the  same 
capacity  and  design,  one  equipped  with  presumably  new 
solid  tires  and  the  other  with  pneumatic  tires.  Each  had 
the  same  amount  of  load  and  each  attained  the  same  speed 
at  the  leap.  The  force  with  which  the  solid-tired  truck 
struck  the  ground  was  14,336  lb.  for  unsprung  parts  as 
against  4624  lb.  with  the  pneumatic-tired  truck.  The 
force  from  the  sprung  parts  was  13,014  lb.  for  the  solid 
and  9282  lb.  for  the  pneumatic-tired  truck.  The  deflec- 
tion of  the  pneumatic  was  4.5  times  that  of  the  solid 
tires.  This  checks  closely  with  the  Goodyear  company  test 
showing  4.9  times  as  much  deflection  for  a  pneumatic 
tire  as  for  a  new  solid  tire.  If  Mr.  Masury  had  made  his 
trials  with  worn  solid  tires,  he  would,  no  doubt,  have 
found  that  the  pneumatic  tire  depresses  about  11  times 
as  much  as  the  worn  solid  tire ;  therefore,  the  worn  solid 
tire  introduces  enormous  stresses  into  the  structure  of 
the  highway  pavement. 

Still  another  class  of  tests  is  now  in  process  and  ha3 
an  important  bearing  on  this  question.  The  tests  are 
being  conducted  by  the  Bureau  of  Public  Roads  of  the 
Department  of  Agriculture,  under  the  direction  of  A.  T. 
Goldbeck  and  E.  B.  Smith.  They  are  made  by  running 
various  trucks  over  a  certain  stretch  of  highway  and 
artificial  means  are  provided  for  causing  the  wheels  to 
drop  given  distances.  The  force  of  the  impact  on  the 
road  is  measured  by  the  compression  of  standardized 
copper  cylinders.  Curves  plotted  from  the  data  obtained 
in  these  tests  are  shown  in  Fig.  3.  In  all  but  one  case 
the  test  was  made  on  the  same  type  of  truck  equipped 
first  with  solid  and  then  with  pneumatic  tires.  In  the 
test  on  the  5-ton  capacity  truck  a  chain-driven  solid- 
tired  truck  was  run  against  a  truck  of  the  same  make 
equipped  with  pneumatic  tires  but  driven  by  a  double- 
reduction  gear.  This  introduced  some  difference  in  the 
weight  of  unsprung  parts,  but  it  was  noted  in  each  case. 
The  conclusions  that  can  be  drawn  from  these  tests  are 
that 


(1)  With  solid  tires  the  force  of  the  impact  increases 
rapidly  with  an  increase  in  speed;  whereas  with 
pneumatic  tires  the  force  increases  only  slightly 
with  a  large  increase  in  speed 

(2)  Pneumatic  tires  give  only  one-third  to  one-fifth  the 
impact  force  of  solid  tires 

(3)  A  5-ton  truck  on  pneumatic  tires  can  travel  24 
m.p.h.  with  the  same  impact  effects  that  a  solid- 
tired  truck  having  new  tires  will  cause  at  8  m.p.h. 

(4)  The  value  of  the  impact  force  with  pneumatic  tires 
is  only  from  1000  to  1500  lb.  greater  than  the  wheel 
load.  With  the  worn  solid  tire  the  impact  force 
became  38,000  lb.  greater  than  the  wheel  load  of 
7000  lb.  at  a  speed  of  only  10  m.p.h.  over  a  drop  of 
2  in.,  in  the  test  of  a  3-ton  truck 

It  appears,  therefore,  that  we  have  found  definitely  the 
cause  for  the  destruction  of  our  highways.  Without 
doubt,  if  the  highway  engineer  is  asked  to  design  a  pave- 
ment to  carry  solid-tired  trucks,  he  necessarily  must  con- 
sider the  forces  introduced  by  the  worn  solid  tire  as  the 
maximum  force  which  the  pavement  must  withstand. 
Also,  if  he  designs  a  highway  to  carry  pneumatic-tired 
vehicles,  he  should  be  able  to  design  one  that  will  cost 
much  less  money  than  one  designed  to  carry  solid-tired 
vehicles.  I  have  serious  doubts  if  this  country,  wealthy 
as  it  is,  can  afford  to  build  properly  the  highways  re- 
quired for  carrying  motor  trucks  equipped  with  solid 
tires,  especially  when  the  enormous  stress  introduced  by 
the  worn  solid  tire  is  taken  into  consideration. 

The  Pneumatic  Truck  Tire 

In  regard  to  the  state  of  development  of  the  pneu- 
matic truck  tire  and  the  average  mileage  secured  by  its 
users,  Table  1  gives  an  analysis  of  500  trucks  and  covers 
the  average  mileage  secured. 


TABLE  1 — PNEUMATIC  TRUCK  TIRE  CARRYING  CAPACITY  AND 

MILEAGE3 

Size  of  Tire, 

Carrying  Capacity,                  Average 

in. 

lb. 

Mileage 

6 

2200 

14,026 

7 

3000 

14,791 

8 

4000 

12,782 

9 

5000 

12,028 

10 

6000 

11,317 

12 

9000 

truck  performances. 

Still  experimental 

3  Analysis  of  500 

It  is  generally  conceded  that  pneumatic  truck  tires  will 
not  withstand  overloading  successfully.  The  matter  of 
introducing  the  larger  sizes,  10  and  12  in.,  introduces 
new  problems,  including  those  of  service,  availability  of 
necessary  air  pressure  and  the  disposition  of  the  driver 
in  the  matter  of  taking  care  of  the  equipment.  The  10-in. 
tire  is  giving  very  satisfactory  service  where  it  is  prop- 
erly handled,  although  it  is  a  heavy  and  costly  tire.  The 
12-in.  tire  is  giving  very  gratifying  results  from  the 
mileage  standpoint,  but  it  appears  to  be  too  high  a  tire, 
too  heavy  and  too  costly  to  give  general  satisfaction.  On 
this  account  we  feel  that  there  is  good  reason  for  experi- 
menting with  the  application  of  four  small-size  tires  to 
replace  the  two  12-in.  rear  tires.  Since  there  are  many 
objections  to  the  use  of  dual  pneumatic  tires  in  the  sizes 
above  5  in.,  applying  the  tires  in  tandem  seemed  advis- 
able. We  therefore  constructed  a  motor  truck  through- 
out, to  determine  the  practicability  of  this  kind  of  tire 
application  it  is  shown  in  Fig.  4.    This  is  a  pneumatic- 
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FlO     -I — I'NKiMATK--TinKi.    TBVCS    OF    6-Tons    Capacity    in    WHICH 
Two    12-lN.    Rear    Tims    Havi    H>  i:b    by    Folk    Small- 

Size   Tires 

given  below.     The  mileage  obtained   from  the  different 
trmks  built  is  given  in  Table  2. 

W'heelbase — From  the  center  of  the  front  wheel  to  the 
center  between  the  two  tandem  rear  wheels,  180  in. 

Tires — Pneumatic  all  around,  size  40  x  8  in. 

Engine — Four-cylinder  5  x  6  in.  Hercules;  Model  T-3-40 
hp.  (N.  A.  C.  C.)  ;  3200  Ib.-in.  torque  at  1200  r.p.m. 

/ '/  ii  it  ion — Philbrin 

Radiator — Modine  Spirex. 

Transmission — Brown-Lipe,  Model  60-UPP  and  Auxil- 
iary 

Clutch — Brown-I.ipe,  Model  60,  multiple-disc 

Speeds — Six  forward ;  two  reverse 

Gear  Ratios — 

Low,  82.0  to  1  Fifth,  10.0  to  1 

Second,  35.7  to  1  Sixth,  5.8  to  1 

Third,  23.2  to  1  Low  reverse  99.5  to  1 

Fourth,  20.1  to  1  High  reverse  28.4  to  1 

Rear  Axles — Two,  Standard  Parts;  Model  603;  worm 
drive  arranged  in  tandem;  ratio  5.8  to  1,  Equipped 
with  four  21-in.  diameter  brakes  of  5%  in.  width; 
in  pairs,  2%  in.  wide. 

Fuel  and  Oil  Capacity — Gasoline,  67  gal.;  oil,  10  gal. 

Turning  Radius — 35  ft. 

Chassis  Weight— $500  lb. 

Normal  Speed — 25  m.p.h. 

Maximum  Speed — In  tests  under  full  load  on  a  level 
road,  45  m.p.h. 

Body — Haskelite  plywood,  weight  2000  lb.  Loading  com- 
partment 15  ft.  long,  6  ft.  high,  7  ft.  wide;  con- 
tains sleeping  compartment,  toolbox  and  compart- 
ment for  two  spare  tires  and  other  parts;  sides  and 
partitions,  5  16  in.  thick;  roof  %  in.,  covered  with 
4-oz.  duck 

TABLE  2 — SIX-WHEEL  TRUCKS  BUILT  AND  MILES  OPERATED* 

Truck  No.  Miles  Operated 

X-l  12,000 

X-2  10,000 

X-3  5,000 

X-4  900 

X-5  Now  being  built 


4  The  chain,  worm  and  Internal-gear  axles  of  these  trucks  are  now 
being  tested. 

This  new  type  of  truck  is  offered  as  a  solution  of  the 
problem  of  suitable  pneumatic  tires  on  trucks  of  5-ton 
capacity  and  upward,  where 

(1)  Greater    speeds    than    those    advisable    with    solid 
tires  are  desired 

(2)  Greater  protection   to  the   merchandise   carried   is 
necessary 

<1\       HirrV,      unaaAt,     onJ     !,„„,...     ]...,,!.,     ..ill      „..t      nuwlr     inlim 


i    A  low  center  of  gravity  is  desired 
(6)    Safety  demands  additional  braking  capacity 
i  T  i    Bad  roads  now  interfere  with  economical  operation 
(8)    Simplicity  of  tire  change,  low  tire  cost,  economical 

operation  and  a  broadening  of  the  field  of  highway 

transportation  are  necessary 

Spring  Suspension  and  Steering 

Two  types  of  spring  suspension  are  being  used  in  our 
experiments.  The  one  shown  in  Fig.  5  consists  of  a 
single  spring  on  ea.h  side  of  the  chassis;  it  is  inverted 
and  pivoted  to  the  chassis  frame  and  rests  on  spring 
bolts  in  brackets  fastened  to  the  axle  housing.  The  axles 
are  held  in  place  by  crossed  tie-rods,  which  permit  the 
lengthening  and  shortening  of  the  spring.  This  type  is 
giving  satisfactory  results. 

The  type  shown  in  Fig.  (i  consists  of  two  springs  on 
each  side  of  the  chassis  frame.  These  are  bound  to- 
gether and  pivoted  to  the  chassis  frame.  This  construc- 
tion does  not  involve  the  tie-rods  but  does  require  that 
the  springs  be  fastened  pivotally  to  the  axles,  to  permit 
the  necessary  flexibility  for  the  latter  when  an  irregular 
road  contour  is  encountered.  This  general  method  of  piv- 
oting the  rear-axle  assembly  gives  unusually  good  riding 
qualities. 

How  the  truck  steers  around  corners  is  hard  to  ex- 
plain. This  can  be  partially  understood  from  Fig.  7, 
which  shows  that  the  high  pneumatic  truck-tire  section 
permits  the  tire  to  deflect  sidewisc  and  that  it  is  thus 
allowed  to  take  the  curve  gradually  without  slipping  and 
wearing  the  tread.  We  have  not  worn  out  any  tires  on 
this  six-wheel  truck  as  yet,  but  the  condition  of  the  tires 
now  in  use  indicates  that  we  can  expect  10,000  to  12,000 
miles  of  service  from  the  rear  tires. 

When  operating  this  truck  alone  with  a  5-ton  pay  load, 
a  total  weight  of  21,000  lb.,  over  the  brick  highway  be- 
tween Akron  and  Alliance,  Ohio,  a  distance  of  120  miles, 
the  average  speed  was  23.9  m.p.h.  and  the  average  gaso- 
line consumption  6  miles  per  gal.  When  operating  this 
truck  with  a  trailer  attached  as  shown  in  Fig.  10,  each 
vehicle  being  loaded  with  5  tons  and  constituting  a  total 
pay-load  of  10  tons  or  a  gross  load  of  37,000  lb.,  over  the 
same  highway  and  a  distance  of  125  miles,  the  average 
speed  was  16.8  m.p.h.  and  the  average  gasoline  consump- 
tion 2.8  miles  per  gal. 

These  performances  indicate  good  possibilities  for  at- 
taining a  48-hr.  motor-truck  express  service  between 
Akron  and  New  York  City,  the  distance  by  highway  being 
500  miles.     The  present  express  rate  for  goods  shipped 
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Fig.  6 — A  Spring  Suspension  Consisting  of  Two  Springs  Bound 
Together  and  Pivoted  to  the  Chassis  Frame 

from  Akron  to  New  York  City  is  $2.84  per  100  lb.,  or 
$56.80  per  ton.  Therefore,  a  5-ton  truck  that  can  oper- 
ate within  56.8  cents  per  mile  and  average  20  m.p.h.  can, 
at  express  rates,  give  better  service  than  that  of  the 
railroad  express  company. 

Summary 

(1)  Past  experience  and  recent  tests  prove  that  the 
solid-tired  truck  is  an  extremely  uneconomical  fac- 
tor in  highway  transportation,  from  the  fact  that 
it  is  unquestionably  destroying  present  expensive 
highways;  and  that  it  will  destroy  any  highways 
constructed  in  the  future,  unless  they  are  built 
about  five  times  the  present  strength,  at  about 
three  times  their  present  cost 

(2)  Pneumatic  truck  tires  are  proving  their  practi- 
cability 

(3)  It  appears  possible  to  design  a  vehicle  that  will 
have  many  mechanical  advantages  and  only  require 
a  pavement  designed  and  built  for  carrying  and 
withstanding  the  shocks  of  a  loaded  9-in.  pneumatic 
truck  tire.  This  combination  of  vehicle  and  high- 
way would  permit  a  pay-load  capacity  of  from  5  to 
7  tons.  Even  with  this  heavy  tonnage  capacity 
this  type  of  ti-uck  would  have  less  of  a  destructive 
effect  upon  the  highway  than  present  light  solid- 
tired  trucks,  and  it  would  be  very  economical  to 
operate  from  the  standpoints  of  fuel  consumption, 
tire,  maintenance,  and  highway  costs 

Since  the  paper  was  presented,  the  six-wheel  truck 
referred  to  has  been  tested  by  the  Bureau  of  Public 
Roads  with  the  following  results: 


Fig.    7 — How  the  High    Pneumatic  Truck-Tire  Section    Permits 


(1)  The  impact  delivered  by  the  six-wheel  truck  loaded 
with  a  6-ton  pay-load  was  equal  to  the  impact  de- 
livered by  an  ordinary  2-ton  truck  having  a  2-ton 
pay-load 

(2)  The  bearing  pressure  upon  the  highway  pavement 
is  at  a  maximum  under  each  of  the  rear  wheels, 
giving  a  soil  pressure  of  approximately  3  lb.  per 
sq.  in.,  maximum,  with  a  6-ton  pay-load  as  against 
6  lb.  per  sq.  in.  for  an  ordinary  5-ton  truck  with 
a  5-ton  pay-load 

(3)  The  maximum  impact  delivered  by  the  six- wheel 
truck  with  a  9-ton  pay-load  was  approximately 
10,000  lb.,  as  against  a  maximum  blow  of  possibly 
70,000  lb.  delivered  by  an  ordinary  5-ton  truck  with 
a  7%  -ton  pay-load 

THE  DISCUSSION 

Chairman  G.  W.  Smith,  Jr.:— How  about  the  shock 
effects  on  the  springs  themselves? 

W.  M.  Newkirk: — I  think  that  the  six-wheel  con- 
struction should  be  easier  on  the  spring  than  the  usual 
construction  on  the  four-wheel  trucks. 

Chairman  Smith: — I  had  in  mind  the  abnormal  ob- 
struction which,  as  Mr.  Templin  states,  causes  a  45,000- 
lb.  impact. 

Mr.  Newkirk: — The  spring  does  not  get  that  amount 
of  shock.  I  understand  that  is  the  measure  of  the  im- 
pact between  the  tire  and  the  road. 

Chairman  Smith: — But  the  difference  in  the  impact 
of  the  load  would  be  very  considerable,  due  to  the  spring. 

Mr.  Newkirk: — It  is  the  actual  force  exerted  on  the 
road  surface  which  is  considered.  The  shorter  the  space 
is  in  which  that  force  is  counteracted,  the  greater  the 
pressure  is.  I  understand  that  this  force  can  be  meas- 
ured fairly  accurately  by  the  method  of  compressing 
those  copper  cylinders. 

Chairman  Smith: — The  matter  of  work  done  enters 
the  problem,  as  well  as  that  of  force. 

Mr.  Newkirk: — It  is  entirely  a  matter  of  work  done. 
The  effective  pressure  on  the  road  surface,  at  the  instant 
of  passing  an  obstruction,  is  made  up  principally  of  two 
factors,  the  static  load  and  the  impact  of  the  unsprung 
parts  of  the  car.  This  latter  should  be  thought  of  as 
"work"  rather  than  pressure.  We  have  a  mass  which 
must  either  be  suddenly  lifted,  if  passing  over  an  obstruc- 
tion, or  whose  vertical  motion  must  be  suddenly  stopped, 
if  dropping  over  the  edge  of  a  hole.  At  the  instant  of 
contact,  the  road  surface  pressure  will  increase,  the 
amount  of  increase  depending  very  largely  upon  the 
yielding  character  of  the  tires  and  the  road  surface.  The 
greater  the  compressibility  of  the  tire  is,  the  greater  the 
distance  is  through  which  the  vertically  moving  parts 
will  be  acted  upon  by  the  force  required  to  bring  them 
to  rest  and,  consequently,  the  smaller  this  force  will  be. 
The  relative  incompressibili,ty  of  solid  rubber  tires  as 
compared  with  pneumatic  tires  makes  it  self-evident  that 
with  pneumatic  tires  the  pressure  effect  upon  the  road 
must  be  decidedly  less  harmful. 

The  impact  of  the  sprung  load  is  not  a  serious  matter, 
as  the  springs  under  anything  like  normal  conditions 
will  always  yield  so  freely  that  but  little  increase  in  road 
pressure  can  be  produced.  As  a  general  proposition,  the 
more  flexible  the  springs  are,  the  less  the  road  pressure 
effect  will  be. 

A.  K.  Brumbaugh  : — Mr.  Masury's  figures  appear  opti- 
mistic because  he  was  dealing  with  forces  due  to  impact 
and  measuring  them  by  a  moving  picture  machine  set 
some  distance  away.  What  sort  of  ground  or  under  what 
condition  did  Mr.  Masury  make  his  tests?     Were  they 
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E.  W.  TbmpliN: — I  do  not  know.  His  report  mentions 
the  compression  of  the  tire  as  well  as  the  depression  in 
the  pavement. 

Mk.  Brumbaugh: — I  believe  14,336  lb.  was  speci- 
fied as  the  striking  force  of  the  solid  tires.  How  can 
he  be  so  exact'.'  In  connection  with  the  figures  given 
for  the  solid-tired  truck,  undoubtedly  the  impacts  are 
far  greater  than  with  the  pneumatic  tires,  but  the  figures 
predicated  on  too  bad  a  road.  If  the  depressions  in  roads 
are  measured,  it  will  be  found  that  they  are  much  less 
than  they  appear  to  be.  The  2-in.  drop  represents  a 
rather  healthy  hole  in  the  road;  some  are  deeper,  but 
not  all  roads  have  2-in.  holes.  We  have  some  far  better 
roads  than  that.  The  utmost  destructive  effect  on  roads 
is  caused  by  the  concentrated  wheel  load  which  is  not 
helped  out  by  either  the  solid  or  the  pneumatic  tire.  All 
the  roads  were  broken  to  pieces  about  the  spring  of  1918. 
Roads  laid  with  8  to  10  in.  of  concrete  that  was  not  rein- 
forced were  broken.  Invariably,  on  the  hillsides  and  at 
soft  places,  the  breakage  was  due  to  the  sub-grade  of  the 
road,  and  not  to  raveling  effects  or  impact  of  tires.  On 
every  hillside,  on  which  springs  normally  occur,  and  in 
places  where  through  lack  of  men  and  funds  it  has  not 
been  possible  to  keep  the  ditches  open,  the  roads  have 
failed,  there  being  a  soft  wet  spot  beneath  the  point  of 
failure.  Undoubtedly,  a  heavy  raveling  effect  is  caused 
by  solid  tires,  but  I  believe  that  the  pneumatic  tire  run- 
ning at  from  30  to  40  m.p.h.  is  not  innocent  of  that 
effect  either.  When  pneumatic  tires  are  new  and  the 
lugs  are  on,  they  may  not  damage  the  road  in  this  man- 
ner, but  I  believe  there  is  a  strong  suction  effect  later 
which  does  cause  raveling.  I  believe  that  there  is  very 
little  more  impact  with  solid  than  with  pneumatic  tires 
on  an  ideal  road  surface.  On  bad  roads  solid  tires  cause 
some  additional  impact  and  the  pneumatic  tire  gives 
better  results. 

The  matter  of  wheel  load  is  a  large  factor,  and  is  rec- 
ognized by  highway  engineers  first  in  building  roads  of 
reinforced  concrete.  Roads  surfaced  with  large  rein- 
forced-concrete  slabs  hold  together  better  under  an  im- 
proper sub-grade  condition.  Engineers  recognize  wheel 
load  in  the  limitation  of  the  total  weight  that  is  allow- 
able on  four  wheels;  that  is  28,000  lb.  In  Pennsylvania  it 
is  26,000  lb.  and  roads  built  with  8  to  10  in.  of  plain  con- 
crete not  reinforced  will  not  stand  up,  unless  the  sub- 
grade  is  in  perfect  condition,  the  ditches  open  and  the 
road  adequately  drained.  These  roads  are  torn  to  pieces 
by  excessive  loads.  In  addition  to  load,  on  an  ordinarily 
poor  road,  if  the  truck  mires  and  the  driver  has  power 
enough  to  rotate  the  rear  wheels,  he  will  put  only  one 
chain  on,  if  he  thinks  he  can  avoid  using  two,  and  try 
to  dig  out  in  that  way;  finally,  he  may  be  forced  to  use 
some  other  means  to  get  out.  That  is  typical  of  the 
road  between  Philadelphia  and  New  York  City,  which 
probably  carries  heavier  truck  traffic  than  any  other  road 
in  the  country.  The  traffic  is  enormous  and  this  road  is 
torn  to  pieces  by  heavy  motor  trucks,  as  soon  as  it  be- 
comes somewhat  bad  or  soft,  either  by  sliding  off  to  one 
side  of  the  road  or  by  digging  holes  right  in  the  road. 

Chairman  Smith:  —  Mr.  Brumbaugh  makes  three 
points ;  that  damage  due  to  loads  is  a  matter  of  sheer 
weight  in  many  cases,  that  pneumatic  tires  have  a  rav- 
eling effect  due  to  suction,  and  that  the  2-in.  arbitrary 
fall  mentioned  in  Mr.  Templin's  paper  is  rather  a  pessi- 
mistic view  to  take  of  general  conditions.  Incidentally, 
a  certain  amount  of  damage  is  due  to  the  slippage  of 
wheels  and  to  tire  chains. 
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tance  simply  to  point  out  the  relationship  between  solid 
and  pneumatic  tires. 

Mk.  Tkmi'LIN:— Referring  to  the  45,000-lb.  impact  for 
the  2-in.  drop  in  Fig.  5,  note  that  for  1  in.  the  impact 
value  goes  up  to  27,500  lb.,  which  is  practically  20,000  lb. 
above  the  static  wheel  load.  That  will  give  a  basis  for 
judging  what  value  the  civil  or  the  highway  engineer 
should  take  in  designing  pavements.  Notice  also  that 
the  maximum  value  for  the  solid  tire  occurs  at  about  11 
m.p.h.  The  pneumatic  tire  was  run  up  to  17  m.p.h.  and 
the  impact  value  is  scarcely  above  the  static  wheel  load. 
These  tests  are  not  as  yet  completed.  These  data  are  for 
a  3-ton  truck;  the  data  for  a  B-ton  truck  with  the  tires 
worn  down  will  be  equally  interesting.  The  figures  given 
are  for  a  5-in.  dual  solid  and  for  a  9-in.  pneumatic  tire. 

Mr.  Brumbaugh  :— What  is  the  area  of  the  tire  on  the 
ground  ? 

Mr.  Templin  :— The  area  of  the  9-in.  pneumatic  tire  on 
the  ground  is  50  sq.  in.  for  each  tire;  the  area  of  the 
solid  tire  no  doubt  would  have  been  about  25  sq.  in.  Solid 
tires  average  practically  one-half  the  area  of  the  pneu- 
matic tires,  on  the  ground. 

Mr.  Brumbaugh:— Were  all  the  measurements  in  the 
tests  made  by  the  copper-cylinder  method? 

Mr.  Templin  : — Yes. 

Mr.  Brumbaugh  : — What  total  amount  of  compression 
is  involved  in  the  copper  cylinders?  Is  it  large  enough 
to  take  care  of  any  moderate  difference  of  impact?  I 
judge  that  it  is  a  very  small  fraction  of  an  inch,  so  that 
a  few  thousandths  of  an  inch  would  correspond  to  a  great 
many  thousand  pounds  of  impact. 

Mr.  Templin: — These  cylinders  are  calibrated  very 
carefully. 

Mr.  Brumbaugh  : — Regarding  uniform  composition  of 
the  copper? 

Mr.  Templin: — Yes. 

Mr.  Brumbaugh  :— Are  they  calibrated  by  impact? 

Mr.  Templin: — Yes. 

Mr.  Brumbaugh  :— Even  at  45,000  lb.,  that  is  a  severe 
blow.  If  they  have  only  25  sq.  in.  per  tire,  that  would 
give  a  50  sq.  in.  total  on  the  ground,  or  certainly  not 
under  45  sq.  in.  Was  45,000  lb.  the  value  stated  for  one 
wheel? 

Mr.  Templin  :— Yes. 

Mr.  Brumbaugh  : — Certainly  there  must  be  more  than 
25  sq.  in.  of  tire  surface  on  the  road,  with  a  45,000-lb. 
impact. 

Mr.  Templin: — That  applies  to  a  worn  solid  tire  hav- 
ing only  about  1  in.  of  rubber  on  it. 

Mr.  Newkirk:— Undoubtedly  that  amount  of  impact 
is  terrific. 

Mr.  Templin: — Concrete  pavements  begin  to  fail  at 
the  joints.  Even  a  ]/4-in.  drop  will  start  the  joint  chip- 
ping off  at  the  edges.  As  that  drop  increases  to  2  in., 
even  if  it  does  not  become  greater,  that  is  enough  to 
break  the  joint  down. 

Mr.  Brumbaugh: — I  have  watched  concrete  road 
failures.  It  will  be  found  that  90  per  cent  of  them  are 
due  to  a  total  breaking  up  of  the  road.  If  it  is  a  well- 
laid  concrete  road,  when  it  fails  this  is  usually  caused 
either  by  temperature  cracks  or  cracks  due  to  the  failure 
of  the  sub-grade,  although  there  is  some  raveling  at  the 
expansion  joints.  Once  the  sub-grade  fails,  it  just  breaks 
to  pieces.  On  the  Pennsylvania  and  Maryland  roads  on 
every  hillside  the  concrete  is  being  broken  into  chunks. 
Generally,  the  surface  is  good;  there  is  no  evidence  of 
small  detail  failures  throughout  the  surface,  except  on  the 
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THE  paper  is  designed  to  familiarize  automotive  en- 
gineers with  the  general  subject  of  spectroscopy, 
pointing  out  the  various  methods  that  can  be  employed 
to  determine  the  actual  instantaneous  pressures  ob- 
tained in  normal  combustion,  the  temperature-time 
card  of  the  internal-combustion  engine  and  the  prog- 
ress of  the  chemical  reactions  involved  in  normal  and 
abnormal  combustion. 

The  subject  of  spectroscopy  is  outlined  and  explained, 
illustrations  being  presented  of  different  types  of  spec- 
tra, and  spectroscopes  and  their  principles  are  dis- 
cussed. 

The  remainder  of  the  paper  is  devoted  to  an  outline 
of  what  the  spectroscope  can  reveal  about  the  nature 
of  combustion. 

THE  spectroscope  has  contributed  more  knowledge 
to  man  concerning  the  nature  of  the  universe  in 
which  he  lives  than  any  other  single  piece  of 
scientific  apparatus.  It  is  possible  to  determine  by  its 
use  the  velocity  with  which  the  heavenly  bodies  are  either 
approaching  or  receding  from  the  earth,  the  tempera- 
tures of  these  bodies,  the  elements  of  which  they  are 
composed  and  the  state  of  matter  in  which  these  elements 
exist.  For  example,  the  element  helium  was  discovered 
in  the  atmosphere  of  the  sun  some  27  years  before  it 
was  found  to  be  existent  on  the  earth.  The  spectroscope 
has  played  an  even  more  important  part  in  the  realm  of 
the  infinitesimal.  For  example,  it  is  possible  to  detect 
in  the  flame  of  a  bunsen  burner  1/80,000,000  mg.  of 
lithium,  an  amount  that  defies  all  other  methods  of  de- 
tection. Moreover,  the  X-ray  spectroscope  has  given  us 
an  entirely  new  conception  of  the  constitution  of  matter. 
With  such  an  instrument  available  to  the  automotive 
engineer,  it  is  remarkable  that  he  has  never  made  use 
of  it  to  study  the  most  fundamental  problem  of  internal- 
combustion  engineering;  namely,  internal  combustion 
itself. 

It  is  not  the  purpose  nor  is  it  within  the  scope  of  this 
paper  to  present  data  that  w:ill  settle  definitely  any  of 
the  disputed  points  concerning  combustion.  This  result 
can  be  accomplished  only  after  years  of  serious  research 
by  many  investigators.  It  is  our  purpose,  rather,  to  pre- 
sent to  the  automotive  engineer  a  brief  outline  of  spec- 
troscopy and  to  point  out  the  various  methods  that  can 
be  employed  to  determine  the  actual  instantaneous  pres- 
sures obtained  in  abnormal  combustion,  the  temperature- 
time  card  of  the  internal-combustion  engine  and  the 
progress  of  the  chemical  reactions  involved  in  normal 
and  abnormal  combustion. 

Spectroscopy 

Spectroscopy  is  the  resolution  of  light  into  its  com- 
ponent parts  and  the  study  of  these  parts.  As  an  ex- 
ample, of  two  different  lights,  both  may  appear  white  to 

i  M.S.A.E — Chief  engineer,  fuel  research  section.  General  Motors 
Research  Corporation,  Dayton.  Ohio. 


Fig.   1 — Examples  Reading  from  the  Top  Down  of  the  Con- 
tinuous. Line  and  Banded  of  Fluted  Spectra 

the  eye;  but  the  spectroscope  may  reveal  that  one  as  a 
hot  incandescent  solid  and  that  the  other  is  a  gas  electri- 
cally excited. 

The  three  distinct  kinds  of  spectra  are  the  continuous 
spectrum,  the  line  spectrum  and  the  band  or  fluted  spec- 
trum. An  electric  light  gives  a  continuous  spectrum; 
that  is,  one  containing  all  wave-lengths  and  having  no 
discontinuities.  At  one  end  it  is  red ;  the  red  color  blends 
into  orange,  the  orange  in  turn  blends  into  yellow,  the 
yellow  into  green,  and  so  on.  On  the  other  hand,  a 
mercury-vapor  lamp  gives  a  spectrum  consisting  of  only 
a  few  lines,  of  which  two  yellow  ones,  close  together,  a 
green  and  a  violet,  are  most  easily  seen.  If  we  examine 
the  spectrum  given  by  a  carbon  arc,  we  find  that  it  is 
continuous  with  bright  flutings  superimposed  at  certain 
places.  Fig.  1  shows  examples  of  continuous,  line,  and 
banded  or  fluted  spectra  in  the  order  named  commencing 
at  the  top-  of  the  illustration.  Continuous  spectra  are 
typical  of  hot  incandescent  solids  and  liquids.  Line  spec- 
tra are  given  by  a  spark  passing  between  metals  or  by 
an  elemental  gas  at  low  pressure  and  electrically  excited. 
Fluted  spectra  are  given  by  gaseous  compounds  under 
various  conditions. 

There  is  another  type  of  spectrum  that  may  be  men- 
tion pH     although    it    nrobahlv    has    little    bearing    on    in- 
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V  I  B  G  Y  0   R 

I         -  —Diagram  1llcstrati.no  the  Simplest  Form  of  Spectr.  - 

pass  through  a  gas  that  fills  the  space  between  it  and  the 
slit  of  the  spectroscope,  a  spectrum  is  obtained  that  is 
continuous  except  tor  a  number  of  dark  lines  crossing 
it.  These  dark  lines  have  the  same  wave-lengths  as 
those  that  the  gas  would  emit  if  electrically  excited  in  a 
nearly  evacuated  tube.  The  dark  lines  indicate  that  the 
gas  has  absorbed  the  light  that  has  the  same  wave 
lengths  as  the  gas  would  emit  if  it  were  made  the  source 
of  light.  Such  spectra  are  called  absorption  or  dark-line 
spectra.  The  continuous  spectrum  from  the  sun  is  crossed 
by  thousands  of  these  lines,  called  Fraunhofer  lines  from 
the  name  of  their  discoverer.  They  indicate  that  the 
atmosphere  of  the  sun  is  composed  of  gases  and  the 
vapors  of  metals  that  are  cooler  than  the  solid  body  of 
the  sun,  and  that  these  gases  and  vapors  have  absorbed 
from  the  original  light  those  colors  having  wave-lengths 
characteristic  of  the  emission  spectrum  of  these  sub- 
stances. For  this  reason,  it  is  easy  to  analyze  the  atmos- 
phere of  the  sun  by  the  spectroscope. 

Spectroscopes 

An  instrument  for  producing  a  spectrum  and  investi- 
gating it  is  called  a  spectroscope.  The  simplest  form  of 
spectroscope  consist-  of  a  glass  prism  that  receives  from 
a  narrow  slit  the  light  to  be  investigated.  When  it 
emerges  from  the  prism,  this  light  is  spread  out  as  is 
shown  in  Fig.  2,  in  which  S  is  the  slit,  P  is  the  prism, 
and  the  letters  V  I  B  G  Y  0  R  stand  for  violet,  indigo, 
blue,  green,  yellow,  orange  and  red  light,  respectively. 

Red  light  has  the  longest  and  violet  light  the  shortest 
wave-length  of  the  visible  spectrum.  The  visible  spec- 
trum extends  from  0.40  micron  to  0.76  micron;  1  micron 
equals  0.001  mm.  But  beyond  the  violet  is  the  ultra- 
violet, which  extends  to  0.10  micron;  and  beyond  the  red 
is  the  infra-red,  which  extends  to  200  microns;  and  far 
beyond  this  even  are  waves  of  the  same  character,  dif- 
fering only  in  that  they  have  longer  wave  lengths. 

A  prism  is  not  the  only  means  of  separating  light  into 
its  component  parts.  Several  other  methods  are  avail- 
able, all  of  which  have  their  limitations.  The  diffraction 
grating  is  the  only  one  of  these  that  need  be  considered 
here.  A  grating  is  a  piece  of  metal  or  glass  on  which 
several  thousand  lines  per  inch  have  been  ruled  with  a 
diamond  point.    The  grating  used  in  our  work  is  of  spec- 

1  See  Spectroscopy  by   V..  C.  C.   Baly.   p.   63« 
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Ilium  metal  ruled  with  15,000  lines  per  in.  A  grating 
acts  in  a  manner  similar  to  that  of  the  prism,  producing 
the  same  kind  of  Bpectrum  except  that  the  grating  can 
spread  light  out  into  a  spectrum  that  is  several  times  as 
long  as  that  formed  by  a  prism.  Fig.  3  is  a  diagram  of  the 
optical  system  of  one  of  our  spectroscopes  that  was  de- 
signed and  built  by  Prof.  II.  ('.  Lord,  of  Ohio  State  Uni- 
versity. Fig,  4  is  a  photograph  of  this  spectroscope. 
Note  that  this  instrument  has  both  a  prism  and  a  grat- 
ing, and  that  these  are  arranged  so  that  the  effect  of  one 
is  added  to  that  of  the  other. 

Spectroscopic  Analysis 

Three  things  about  an  explosion  in  an  engine  can  be 
determined  with  a  spectroscope;  that  is,  the  pressure,  the 
temperature  and  the  chemistry  of  the  combustion.  It 
should  be  borne  in  mind  that  it  is  only  possible  for  the 
spectroscope  to  do  this  because  it  has  no  moving  parts 
and  makes  use  of  light  alone,  which  has  no  inertia;  so, 
any  combustion  condition  is  instantaneously  recorded. 

The  pressure  can  be  determined  by  the  shift  of  the 
sodium  D  lines  that  is  due  to  pressure.  This  pressure- 
shift  has  been  thoroughly  investigated  by  Humphreys, 
who  found  that  a  rise  in  pressure  of  12  atmospheres  in- 
creased the  wave-length  of  these  lines  0.108  Angstrom 
unit  (1  Angstrom  unit  =  10"'  mm.),  and  thus  shifted 
them  toward  the  red  end  of  the  spectrum.3    There  is  al- 
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Fig.  4 — Photograph  of  the  Spectroscope  Shown  in  Diagrammatic 
Form  in  Fio.   3 

ways  enough  sodium  in  the  air  entering  the  cylinder  to 
give  these  sodium  lines;  hence,  it  is  only  necessary  to 
photograph  a  stroboscopic  spectrum  of  the  light  coming 
from  the  engine  to  obtain  a  record  of  any  shift  of  the 
sodium  lines.  Since  Humphreys  proved  that  the  shift 
is  directly  proportional  to  the  absolute  pressure,  the 
pressure  can  be  calculated  from  the  amount  of  this  shift. 
Fig.  5  shows  what  might  be  expected  on  a  photograph  if 
a  very  high  pressure  existed  for  a  third  of  the  combus- 
tion stroke. 

The  temperature  can  be  determined  in  accordance  with 
Wien's  law,  which  states,  for  a  perfectly  black  body,  the 
wave-length  of  maximum  energy  is  inversely  propor- 
tional to  the  absolute  temperature.  Unfortunately,  ex- 
cept for  extremely  high  temperatures,  this  maximum  is 
in  the  infra-red  where  observation  is  difficult  on  account 
of  the  limitation  that  the  light  cannot  be  allowed  to  pass 
through  glass  because  it  absorbs  the  infra  red  rays.  It 
is  necessary,  therefore,  to  use  a  quartz  window-  in  the 
cylinder  and  a  rock-salt  prism  in  the  spectroscope,  and 
to  do  the  focusing  by  spherical  mirrors  instead  of  lenses. 
The  spectral  rays  are  received  on  a  thermopile  that  actu- 
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A  Super-Machine-Gun 


A  MACHINE-GUN  far  more  powerful  than  any 
other  similar  weapon  heretofore  used  has  been 
developed  recently  for  army  service.  This  is 
known  as  the  Browning  0.50-caliber  machine-gun.  It  is 
without  doubt  the  most  important  and  interesting  devel- 
opment in  the  small-arms  field  since  the  world  war,  and 
perhaps  one  of  the  most  interesting  in  the  whole  field  of 
ordnance.  In  August,  1914,  the  caliber  of  the  standard 
machine-gun  of  each  nation  was  the  same  as  the  caliber 
of  the  infantry  weapon  of  that  nation,  and  in  most  in- 
stances they  fired  identically  the  same  ammunition.  The 
principal  role  assigned  to  machine-guns  at  that  time  was 
that  of  supplementing  rifle-fire  against  targets  assigned 
to  the  infantry  and  the  cavalry. 

One  of  the  first  departures  from  the  prewar  concep- 
tion of  the  proper  use  of  the  machine-gun  was  its  use  in 
aerial  combat,  both  defensively  against  attacking  oppo- 
nents in  the  air  and  offensively  against  enemy  airplanes 
and  ground  targets.  At  the  same  time  their  use  from 
the  ground  against  low-flying  airplanes  was  being  de- 
veloped and  strenuous  efforts  were  made  to  improve  their 
effectiveness  when  used  either  from  the  ground  or  in  the 
air  against  aerial  targets. 

Tracer  and  Incendiary  Bullets 

To  make  the  aiming  of  the  machine-guns  used  against 
such  targets  easier  and  more  certain,  the  expedient  was 
adopted  of  using  a  hollow  bullet  containing  a  chemical 
mixture  that  is  ignited  by  the  powder  charge  in  the 
cartridge  when  the  machine-gun  is  fired  and  burns  dur- 
ing the  flight  of  the  bullet  with  a  bright  light.  By  load- 
ing the  belts  or  magazines  so  that  every  fifth  or  sixth 
cartridge  is  one  having  a  tracer  bullet,  it  is  possible  for 
the  gunner  actually  to  see  the  path  of  the  bullet  and 
quickly  to  direct  his  gun  so  that  hits  will  be  registered  on 
the  target.  At  the  same  time  that  this  tracer  ammuni- 
tion was  being  developed  for  war  use,  the  inflammable 
nature  of  aircraft  and  of  captive  balloons  used  for  ob- 
servation purposes  brought  home  the  desirability  of  devis- 
ing ways  and  means  of  setting  them  on  fire.  To  meet 
this  requirement,  incendiary  ammunition  was  developed. 
This  ammunition  consists  simply  of  a  hollow  bullet  filled 
with  phosphorous  that  burns  during  the  flight  of  the 
bullet,  and  will  set  fire  to  inflammable  material  with 
which  it  may  come  into  contact. 

The  small  caliber  of  all  machine-guns  used  up  to  this 
time  limited  the  effectiveness  of  these  special  types  of 
ammunition  very  materially,  but  the  French  had  a  car- 
tridge 11  mm.  (0.433-in.)  in  caliber  that  had  been  de- 
veloped in  1874  for  use  in  the  French  rifle  of  that  caliber, 
and  an  investigation  indicated  that  Vickers  machine-guns 
of  British  and  American  calibers  (0.303  and  0.300  in.) 
could  easily  be  changed  so  as  to  fire  this  cartridge.  The 
bullet  of  this  cartridge  is  approximately  50  per  cent 
greater  in  diameter  than  the  bullet  of  the  0.303  and  0.300 
cartridges,  which  made  possible  the  design  of  a  more  ef- 
fective incendiary  bullet.  This,  accordingly,  led  to  the 
development  and  use  of  the  11-mm.  (0.433-in.)  machine- 
gun,  greater  in  caliber  than  any  theretofore  in  general 
use  in  the  war. 

Several  months  after  active  work  was  begun  on  the 
0.50-caliber  machine-gun,  a  new  cartridge  designed  and 
used  by  the  Germans  made  its  appearance  on  the  western 


in  caliber,  and  was  used  in  combating  tanks  that  carried 
considerable  armor.  The  weapon  from  which  the  cart- 
ridge was  fired  is  a  single-shot  rifle,  in  every  way  similar 
to  the  Mauser  rifle  with  which  the  German  infantrymen 
were  armed,  but  of  necessity  larger  in  every  respect.  The 
ammunition,  as  designed,  was  very  well  thought  out,  and 
tests  indicated  that  it  would  penetrate  approximately  1  in. 
of  good  armorplate.  The  bullet  was  streamline  in  form 
and  weighed  51.4  drams.  A  thorough  investigation  of 
this  German  cartridge  made  it  desirable  to  redesign  the 
0.50-caliber  cartridge  previously  developed  by  us,  in  order 
that  our  ammunition  might  at  least  be  the  equal  of  any 
other  ammunition  known.  This  resulted  in  a  much  more 
powerful  cartridge,  which  in  turn  made  necessary  a 
slightly  heavier  gun.  The  complete  0.50-caliber  cartridge 
weighs  approximately  1890  grains.  It  is  loaded  with 
approximately  235  grains  of  powder,  and  its  bullet  weighs 
804  grains.  It  takes  about  23  0.30-caliber  cartridges  to 
weigh  1  lb.  and  only  four  0.50  caliber  cartridges.  In 
other  words,  the  0.50-caliber  cartridge  is  six  times  as 
heavy  as  the  service  cartridge.  As  soon  as  the  design 
of  the  improved  type  of  cartridge  had  been  determined 
upon,  a  definite  and  specific  program  for  the  completion 
of  the  development  of  the  machine-gun  itself  was  laid 
down.  This  involved  the  design  and  manufacture  of  a 
limited  number  of  each  of  three  distinct  types  of  gun; 
namely,  the  water-cooled  type  for  use  on  the  ground 
against  ground  targets,  the  anti-aircraft-tank  type  for 
use  on  the  ground  against  aircraft  and  for  mounting  in 
tanks  and  the  aircraft  type  for  mounting  in  airplanes  for 
use  against  ground  targets  or  enemy  aircraft.  The  de- 
sign of  these  three  has  been  carried  along  together  and 
an  endeavor  mads  to  have  as  many  parts  as  possible 
common  to  all  types.  Samples  of  all  three  have  been 
delivered  and  tested,  and  preliminary  trials  indicate  that 
the  program  has  been  a  success  in  every  way. 

The  Browning  0.50-caliber  machine-gun  as  finally  per- 
fected is  a  recoil-operated  weapon,  is  belt-fed  and  fires 
at  the  rate  of  approximately  550  shots  per  min.  Its 
operating  principle  is  the  same  as  that  of  the  0.30-caliber 
Browning  machine-gun.  The  water-cooled  gun  weighs 
approximately  66  lb.  without  water  and  82  lb.  with  the 
water-jacket  filled.  The  water-jacket  has  a  capacity  of  8  qt. 
and  the  water  reaches  the  boiling-point  after  300  rounds 
of-  continuous  firing.  The  gun  is  mounted  on  a  tripod 
that  weighs  80  lb.  When  fired,  the  gun  imparts  a  muzzle- 
velocity  of  2500  ft.  per  sec  to  the  804-grain  bullet  and 
its  maximum  range  is  9000  yd.  Fig.  1  gives  a  graphic 
comparison  of  the  trajectories  of  the  0.50-caliber  bullet 
fired  from  the  water-cooled  machine-gun  and  the  ordinary 
0.30-caliber  150-grain  bullet  in  regular  use  in  our  service. 

The  high  state  of  development  and  the  efficiency  of 
this  weapon,  as  well  as  the  complexity  of  the  design 
problems  are  obvious.  The  Browning  anti-aircraft  0.50- 
caliber  machine-gun  develops  204  hp.,  or  1  hp.  per  0.255 
lb.  The  Browning  0.50-caliber  water-cooled  machine-gun 
develops  the  same  horsepower,  or  1  hp.  per  0.294  lb.  of 
weight.  Weight  for  weight,  the  Browning  0.50-caliber 
water-cooled  machine-gun  develops  more  than  15  times 
the  energy  of  the  Liberty  engine. 

The  field  of  usefulness  of  this  weapon  is  very  large, 
but  probably  the  most  important  of  all  is  its  use  from 
the  ground  against  aerial  targets,  that  is,  for  anti-air- 
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demonstrate  the  enormous  destructive  power  of  bombs 
dropped  from  aircraft,  it  might  be  well  to  dr;i\v  particular 
attention  to  its  possibilities  in  this  connection.  This 
weapon  is  capable  of  projecting  bullets  into  the  air,  each 
weighing  1  9  lb.,  at  the  rate  of  550  to  600  per  min.  or 
10  per  sec.  The  initial  velocity  is  such  that  the  effective 
range  against  aerial  targets  is  estimated  to  be  at  least 
1500  yd.  and  one  hit  on  a  vital  part  of  an  airplane  at 
this  range  will  be  disastrous.  This  means  that  in 
maneuvers,  such  as  bombing,  directed  against  objects  on 
the  ground  that  are  properly  protected  by  these  guns, 
it  will  be  necessary  for  an  airplane  to  fly  above  this  alti- 
tude to  keep  out  of  range,  and  this  in  turn  means  much 
less  effective  work.  On  account  of  its  rapidity  of  fire 
and  its  high  velocity,  it  is  confidently  belieu.l  thai  this 
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weapon  is  by  far  the  most  effective  weapon  thai  has  been 
developed  to  date  for  use  from  the  ground  against  attack- 
ing airplanes. — Col.  Herbert  O'Leary  in  Army  Ord- 
nance. 
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much  lower  than  those  in  the  foreign  countries  I  have 
named,  but  they  have  been  increased  over  100  per  cent 
and  are  now  higher  than  those  of  our  competitors.  We 
have  had  also  the  advantage  of  better  and  more  eco- 
nomical facilities  for  handling  the  grain  in  the  coun- 
try and  at  terminals,  but  a  great  change  is  taking 
place  in  this  respect.  As  fine  terminals  as  can  be 
found  anywhere  in  the  world  have  been  completed  re- 
cently in  Buenos  Aires.  Lines  of  country  elevators 
similar  to  our  own  are  to  follow.  Terminals  and  coun- 
try elevators  are  being  constructed  in  South  Africa, 
promoted  and  financed  by  British  capital,  to  take  care 
of  the  increasing  production  of  grain  in  that  country. 
I  believe  that  the  railroads  will  never  be  able  to  make 
a  rate  on  grain  from  the  Middle  West  to  the  sea  that 
will  enable  us  to  maintain  our  place  in  the  world's 
market.  We  must  have  deep-water  transportation  from 
our  Great  Lakes  ports  to  the  ocean,  and  we  should  have 
it  without  unnecessary  delay. 

LACK  OF  IMPROVEMENT  IN   RAILROADING 

During  the  past  20  years  nearly  every  kind  of  in- 
dustry has  undergone  tremendous  changes,  to  keep 
abreast  of  the  times.  Has  any  one  observed  any  partic- 
ular change  in  railroad  methods,  or  any  new  develop- 
ment in  rail  transportation,  during  that  period?  To 
my  knowledge,  there  has  not  been  a  single  improve- 
ment of  any  kind  or  a  single  change  in  method  in 
railroading  for  more  than  20  years.  The  railroad  peo- 
ple say  that  their  hands  have  been  tied  by  the  Govern- 
ment on  the  one  side  and  by  the  Labor  Board  on  the 
other,  but  I  have  never  known  of  any  railroad  man- 
agement of  recent  years  taking  the  initiative  in  any- 
thing that  would  improve  rail  transportation. 

The  function  of  the  Interstate  Commerce  Commission 
should  be  modified,  the  railroads  being  permitted  to 
make  rates  subject  to  review  by  the  Commission  only 
in  case  of  general  complaint.  This  is  the  way  in 
which  the  Commission  worked  for  many  years  after 
it  was  created.  The  result  was  more  satisfactory  to  the 
railroads  and  to  the  public  than  that  had  under  the 
present  method.  The  whole  responsibility  of  manage- 
ment and  operation  should  be  on  the  railroad  execu- 
tives. 

I  quote  from  a  recent  bulletin  of  the  American  Ex- 
porter: "Bad  as  our  export  trade  seemed  during  the 
past  year,  it  was  greater  in  both  value  and  volume 
than  in  any  prewar  year.  For  the  10  months  ending 
October  1921  our  exports  were  94  per  cent  greater 
than  in  the  same  period  of  1913." 

Our    Kncip     iriflllcfrv      nirnVuttiirn      tiac     «tnrt*ar1     on     t.hf* 


operations  is  good.  With  the  present  prices  of  farm 
labor  and  implements  and  all  that  the  farmer  has  to 
buy,  I  have  never  seen  better  chances  for  agriculture. 
The  farmer  who  cannot  make  money  under  present  con- 
ditions is  not  capable. 

I  believe  that  motorization  of  the  farm  has  only 
started.  A  properly  planned  and  intelligently  operated 
motorized  farm  possesses  decided  economic  advantages 
over  the  farm  operated  by  draft  animals,  besides  doing 
away  with  a  large  percentage  of  the  drudgery  that 
drives  so  many  of  the  boys  from  the  farm.  It  is 
pretty  difficult  to  keep  the  boy  on  the  farm  driving 
horses.  He  feels  when  night  comes  that  he  has  not 
accomplished  much,  and  he  has  a  half-day's  work  to  do 
after  he  quits  the  field.  With  his  tractor  he  feels  that 
he  has  accomplished  something.  It  is  the  psychology  of 
the  thing  that  will  put  power  farming  over  in  spite 
of  all  anybody  can  say  regarding  it.  It  has  such  a 
start  that  nothing  under  heaven  can  stop  it. 

I  believe  that  there  is  room  for  improvement  in  the 
machines  that  are  being  supplied.  You  engineers  can 
design  and  make  machines  that  are  more  adaptable 
than  those  that  are  now  on  the  market.  More  atten- 
tion should  be  paid  to  the  accessibility  of  the  machine, 
and  to  simplicity  of  operation  and  handling,  particu- 
larly the  latter.  Many  of  the  machines  that  are  out 
'  are  mighty  awkward  machines.  The  manufacturers 
must  recognize  the  responsibility  that  goes  with  the 
sale  of  machines.  I  think  they  have  not  always  done 
that.  They  have  sold  machines  in  territories  where 
they  had  to  go  many  miles  from  the  railroad  station, 
with  little  regard  to  the  requisites  of  service  or  to  hav- 
ing spare  parts  available.  Too  many  sales  are  made 
with  little  consideration  as  to  the  machine  sold  being 
suitable  for  the  work  in  prospect.  Considering  the 
conditions  under  which  he  has  labored,  the  progress  the 
farmer  has  made  in  the  use  of  power  implements  is 
wonderful.  Some  people  harp  on  the  inability  of  the 
farmer  to  operate  the  machines.  I  believe  that  no  class 
that  would  take  the  kind  of  tractors  that  have  been 
put  out  would  make  any  greater  success  in  the  opera- 
tion of  them  than  the  farmers  have  made.  To  me  the 
most  phenomenal  thing  about  the  whole  situation  is 
that  so  f i  w  of  them  fail  with  their  tractors.  Some 
records  I  gathered  last  year  show  that  over  86  per  cent 
of  about  800  farmers  who  had  been  interviewed  were 
operating  their  machines  satisfactorily.  Most  of  the 
other  14  per  cent  were  not  well  pleased  with  their  pur- 
chases but  thought  they  had  some  advantages.  Only  3 
or  4  per  cent  condemned  the  machine.  I  think  that  is 
a  remarkable  record.     I   think  that,  with  the  return  of 
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or  later  we  can  look  forward  to  a  constantly  increas- 
ing use  of  power  implements. 

Past-President  Beecroft,  in  extending  the  thanks  and 
salutations  of  the  Society  to  the  Minneapolis  Section,  the 
speakers  and  the  guests,  called  attention  to  the  fact  that 
the  members  are  studying  current  problems  from  the 
standpoint  of  economics,  and  are  not  bound  up  in  the 
four  walls  of  their  laboratories.  He  said  that  the  para- 
mount duty  incumbent  upon  engineers  today  is  to  get 
out  into  the  field  and  study  the  conditions  there.  He 
continued: 

We  should  eliminate  the  word  "pessimism"  from  our 
vocabulary  in  these  days.  It  is  abused.  So  is  the  word 
"optimism."  Man  can  never  attain  the  stature  for 
which  he  was  intended  if  he  is  always  placed  in  beds 
of  roses  and  lives  in  days  of  expansion  and  optimism. 
These  are  the  grandest  days  that  were  ever  lived.  Who 
would  want  to  live  in  this  world  if  we  had  say  40 
years  like  1918,  1919  and  1920?  These  may  be  men- 
trying  days,  nerve-trying  days,  but  surely  they  are  not 
pessimistic  days.  They  are  days  when  we  must  get  out 
and  study  the  problems  first-hand. 

The  automobile,  the  truck,  the  tractor  and  the  air- 
plane are  prime  essentials  of  civilization  today.  It  is 
said  that  we  must  have,  first,  food,  then  shelter;  then, 
clothing.  But  what  is  it  that  knits  all  of  these  to- 
gether? It  is  transportation.  It  has  been  made  plain 
here  tonight  that  one  of  our  great  problems  consists 
of  the  evils  that  have  been  tied  around  transportation 
as  we  know  it  today.  I  think  that  those  great  arterial 
aspects  of  transportation,  the  truck  and  the  tractor, 
will  be  able  in  great  measure  to  solve  the  situation. 
But  we  must  look  upon  them  sanely. 

I  have  no  patience  with  those  people  who  want  to 
call  the  automobile  in  any  of  its  useful  fields,  such  as 
those  connected  with  farming  and  many  other  phases 
of  life,  a  luxury;  it  does  not  exist  as  that;  it  is  one 
of  the  great  essentials  of  life.     In  these   days  let  us 


be  sure  that  we  look  at  the  matter  in  that  light.  Who 
would  want  to  live  on  the  farm  without  modern  means 
of  transportation? 

ESSENTIALS  OF  FARM   LIFE 

Mr.  Record  referred  to  the  Argentine.  I  had  the 
opportunity  of  crossing  that  country  in  1916.  One  of 
the  saddest  memories  of  my  life  is  agricultural  Argen- 
tina. In  that  huge  expanse  of  territory  the  country 
people  are  a  century  behind  the  city  people.  I  have 
no  sympathy  with  those  who  want  to  keep  anything 
agricultural  behind  the  times.  The  agricultural  people 
of  this  Country  must  walk  side-by-side  with  the  city 
people.  We  want  them  to  have  automobiles.  We  want 
them  to  have  motor  trucks  when  they  are  used  eco- 
nomically. We  insist  that  they  have  tractors  when 
they  are  applied  successfully  and  used  economically. 
We  want  them  to  have  the  other  things  that  make  life 
a  pleasure,  that  make  life  on  the  farm  as  comfortable 
as  it  is  in  the  city.  Only  when  we  have  life  on  the 
farm  as  it  is  in  the  city  will  we  in  this  Country  speak 
as  a  united  people,  as  a  homogeneous  people,  which  we 
want  to  be. 

Our  Society  is  doing  and  has  done  a  great  work,  and 
will  continue  to  be  a  worthwhile  Society  only  in  pro- 
portion to  the  character  of  the  work  it  does.  We  as  a 
people,  we  as  an  industry,  we  as  a  Society  will  be  re- 
membered by  the  character  of  our  work,  by  the  spirit 
that  we  put  into  it,  by  the  sacrifice  that  we  make  in 
our  every  act. 

In  these  days  the  one  thing  we  must  do  is  to  dedi- 
cate ourselves  to  the  work  of  readjustment.  During 
the  war  the  Allies  settled  down  to  the  business  of  war. 
In  1915  and  1916  we  could  not  understand  how  they 
were  getting  along,  but  to  them  it  was  perfectly  nat- 
ural; they  said,  "Our  business  is  war  and  we  are  car- 
rying it  on."  Is  not  our  business  now  readjustment? 
Let  us  hold  high  the  torch  of  personal  sacrifice,  that 
torch  of  service.  If  we,  as  a  united  Society,  as  a 
united  industry,  as  a  united  people,  keep  that  ideal  be- 
fore us,  we  shall  succeed. 


SPECTROSCOPIC    INVESTIGATION    OF    INTERNAL 

COMBUSTION 


(Concluded  from  page  219) 


ates  a  very  sensitive  galvanometer,  and  the  wave-length 
corresponding  to  the  maximum  deflection  on  the  galvan- 
ometer gives  a  means  of  calculating  the  absolute  temper- 
ature existent  at  that  time.  By  again  using  a  strobo- 
scope to  regulate  the  time  for  the  readings,  we  believe 
it  possible  to  derive  temperature-time  cards  of  the  power 
stroke. 

The  chemical  changes  occurring  during  combustion  can 
be  investigated  by  the  bands  in  the  spectrum  due  to 
carbon  monoxide,  carbon  dioxide,  water  vapor  and  the 


Fig.  5 — Photograph  of  a  Stroboscopic  Spectrum  op  thb  Light 
Coming  from  an  Internal-Combustion  Engine  Cylinder  Where 
a.  Vert  High  Pressure  Existed  for  a  Third  of  the  Combustion 


like.  Each  compound  has  its  characteristic  spectrum, 
and  the  successive  appearance  and  disappearance  of  these 
lines  should  yield  valuable  information  on  the  nature  of 
the  combustion.  This  is,  perhaps,  the  most  difficult  of 
the  three  problems,  because  these  lines  are  very  faint; 
in  fact,  they  are  so  faint  that  we  have  observed  any  one 
of  them  only  a  few  times,  and  we  do  not  seem  to  be  able 
to  duplicate  them.  However,  the  behavior  of  the  continu- 
ous spectrum  from  this  standpoint  is  interesting  for  the 
reason  that  it  tells  us  a  great  deal  about  how  the  free 
carbon  behaves  during  combustion. 

The  study  of  the  combustion  of  compressed  mixtures 
of  gasoline  and  air  as  it  occurs  in  engines  is  in  its  in- 
fancy. The  knowledge  that  we  now  have  on  this  funda- 
mental process  is  very  limited,  and  many  of  the  ideas 
that  are  held  in  regard  to  combustion  are  necessarily  of 
a  hypothetical  nature.  For  the  accurate  study  of  the 
nature  of  combustion,  which  is  a  chemical  reaction  that 
occurs  very  rapidly  and  at  high  temperatures,  instru- 
mentation is  necessary.  In  this  connection  the  spectro- 
scope offers  great  promise  as  a  means  of  investigating 
the  character  of  combustion  reactions  in  internal-com- 
bustion engines. 
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ACTIVITIES  OF  THE  SECTIONS 


Secretaries  of  the  Sections 

Buffalo  Section— r.  A.  Criqui,  chairman,  Sterling  Engine  Co.,  Buffalo 

Cleveland  Section — E.  W.  Weaver,  5103  Euclid  Avenue,  Cleveland 

Dayton   Section — R.   B.  May,  Dayton  Engineering  Laboratories  Co.,  Dayton,  Ohio 

Detroit  Section— B.  Brede,  assistant  secretary,  1361  Book  Building,  Detroit 

Indiana  Section— B.  F.  Kelly,  Weidely  Motors  Co.,  Indianapolis 

Metropolitan  Section— F.  E.  McKone,  347  Madison  Avenue,  New  York  City 

.Mid-West  Section— T.  Milton,  140  South  Dearborn  Street,  Chicago 

Minneapolis  Section— C.  T.  Stevens,  Reinhard  Brothers  Co.,  Minneapolis 

New  England  Section— H.  E.  Morton,  B.  F.  Sturtevant  Co.,  Hyde  Park,  Boston 

Pennsylvania  Section— T.  F.  Cullen,  Chilton  Co.,  Market  and  49th  Streets, 

Philadelphia 
Washington  Section — B.  R.  Newcomb,  211  Victor  Building,  City  of  Washington 


PROF.  H.  B.  I.EMON,  of  the  University  of  Chicago,  ad- 
dressed the  Mid- West  Section  on  Feb.  3  on  the  subject 
of  The  Nature  of  Matter.  Many  of  the  very  illuminating 
points  he  made  were  demonstrated  by  an  unusually  interest- 
ing series  of  laboratory  experiments.  The  meeting  was  at- 
tended by  several  of  the  officers  of  the  Society  who  were  in 
Chicago  in  connection  with  the  meeting  of  the  Society  held 
there  earlier  in  the  week.  The  large  enthusiastic  audience 
was  given  a  great  treat  by  being  taken  on  a  tour  of  inspec- 
tion through  several  of  the  University  laboratory  depart- 
ments. It  is  believed  that  the  meeting  inaugurated  a  helpful 
program  of  cooperation  between  the  University  and  the  So- 
ciety. 

The  Metropolitan  Section  assisted  the  Society  in  the  conduct 
of  the  Motorboat  Meeting  held  at  the  Hotel  Commodore,  New 
York  City,  on  the  morning  of  Feb.  21.  Com.  Ernest  Nibbs, 
formerly  of  the  British  Navy,  gave  a  paper  on  The  Develop- 
ment and  Building  of  Diesel  Engines  and  spoke  of  the  fuel- 
saving  possibilities  of  heavy-oil  engines  as  compared  with 
those  using  lighter  fuels.  R.  B.  Lea  spoke  of  Compound  Oil 
Engines  for  Marine  Use,  his  talk  being  illustrated  by  lantern 
slides.  Albert  Hickman  gave  a  sparkling  address  on  Surface 
Propulsion  in  general  and  with  particular  reference  to  its 
use  with  the  sea-sled  type  of  hull.  These  papers,  with  the 
discussion  which  followed,  completely  filled  the  morning. 
Joseph  VanBlerck  presided  at  the  meeting. 

Following  the  technical  session  a  luncheon  was  held  at 
which  William  Washburn  Nutting  acted  as  toastmaster. 
Those  who  heard  Nutting's  account  of  his  Transatlantic  trip 
in  the  Typhoon  at  the  Motorboat  Dinner  last  year  were  not 
disappointed  in  his  lively  remarks  at  the  luncheon.  Dr. 
Walter  E.  Traprock,  famous  as  the  author  of  The  Cruise  of 
the  Kawa,  entertained  the  members  and  their  guests  with  a 
narrative  of  his  experiences  while  cruising  in  the  South 
Seas. 

Members  of  the  New  England  Section  who  were  not  for- 
tunate enough  to  be  able  to  be  on  hand  at  the  Motorboat 
Meeting  in  New  York  City  were  nevertheless  able  to  attend 
a  similar  session  in  Boston  on  Feb.  24,  when  N.  Warshaw 
presented  a  paper  on  Marine  Engines.  The  meeting  was  pre- 
ceded by  a  dinner  at  the  Engineers'  Club. 

Increasing  attention  is  being  paid  by  the  Sections  to  cur- 
rent economic  conditions.  The  Pennsylvania  Section  on  Feb. 
23  listened  to  two  most  interesting  speakers,  Col.  John  Price 
Jackson,  consulting  engineer,  at  present  retained  by  the  In- 
dustrial Relations  Committee  of  the  Philadelphia  Chamber 
of  Commerce,  who  talked  on  What  We  May  Expect  in  the 
Near   Future  in  the  Light  of  Today's  Industrial   Conditions 


for  optimism  regarding  the  future.  In  both  of  these  talks 
consideration  was  given  to  the  status  of  the  automotive  in- 
dustry in  the  general  situation  and  suggestions  were  made 
as  to  the  part  which  the  engineer  should  play  in  industrial 
betterment. 


Schedule  of  Sections  Meetings 

MARCH 

1 — Minneapolis  Section — Development  in  Au- 
tomotive Transportation  and  Equipment — 
A.  W.  Scarratt 

7— Dayton  Section  —  Some  Aspects  of  Air- 
Cooled  Cylinder  Design  and  Development — 
S.  D.  Heron 

17 — New  England  Section — Business  Aspects  of 
the  Automotive  Industry — H.  W.  Parlin. 

21 — Buffalo  Section — Electric  Wiring  Systems 
— W.  S.  Haggott 

23— Metropolitan  Section — Truck  Rear-Axles— 
Ethelbert  Favary 

2:1— Pennsylvania  Section— Batteries  and  Elec- 
trical Equipment.  Also  paper  by  J.  M. 
Teasdale 

24 — Detroit  Section 

31 — Mid- West  Section  —  Various  Commercial 
Fuels  and  Their  Relative  Characteristics 

APRIL 

5— Minneapolis  Section— Tractor  Publicity  and 

Demonstrations 
21— Metropolitan  Section -New  England  Sec- 
tion— Joint  meeting  at  New  Haven,  Conn. 
Inspection   of    laboratory    equipment;    and 
description  of  methods  used  in  determining 
losses  from  the  engine  to  the  road,  by  Prof. 
E.  H.  Lockwood 
21— Detroit  Section— Crankcase  Dilution 
27— Pennsylvania   Section — Commercial   Motor 
Transportation 

28— Mid-West  Section— Fundamental  Losses  in 
Automotive  Apparatus 
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The  Minneapolis  Section  arranged  the  excellent  session 
held  on  Feb.  8  at  which  highway  matters  and  the  use  of 
tractors  in  the  building  and  maintenance  of  roads  were  dis- 
cussed. It  was  also  of  invaluable  assistance  in  the  holding 
of  the  Society  technical  session  and  the  dinner  in  Minneap- 
olis on  Feb.  9. 

Coming  Meetings 

At  the  Dayton  Section  Meeting  which  will  be  held  on  March 
7,  S.  D.  Heron  will  present  a  paper  on  Air-Cooled  Cylinder 
Design  and  Development.  This  paper  is  a  very  complete 
presentation  of  the  subject,  and  is,  in  the  opinion  of  a  number 


of  those  who  have  seen  the  manuscript,  one  of  the  best  pa- 
pers ever  given  to  members  of  the  Society.  The  presentation 
of  this  paper  at  the  March  meeting  of  the  Dayton  Section  is 
particularly  fortunate  since  it  will  enable  a  number  of  the 
Society's  officers  who  will  attend  the  Council  Meeting  on  that 
date  to  be  present. 

W.  S.  Haggott  has  in  preparation  a  paper  on  Electric  Wir- 
ing Systems,  which  he  will  give  before  the  Buffalo  Section  on 
March  21.  It  is  believed  that  this  paper  may  possibly  be 
used  as  a  basis  for  standardization  work  along  these  lines, 
and  members  of  the  Electrical  Equipment  Division  of  the 
Standards  Committee  are  particularly  urged  to  attend. 


CURRENT  STANDARDIZATION  WORK 


LETTER  ballots  on  adoption  of  the  standards  recommenda- 
tions approved  by  the  Standards  Committee,  the  Council 
and  the  Society  in  annual  meeting  were  sent  to  the  voting 
members  of  the  Society  early  in  February.  As  these  ballots 
will  be  counted  on  March  11,  members  should  see  that  they 
reach  the  Society  prior  to  that  date. 

The  next  issue  of  data  sheets,  which  will  contain  the  rec- 
ommendations approved  at  the  Annual  Meeting,  will  be 
mailed  to  the  members  early  in  March.  This  issue  will  con- 
tain over  200  pages,  the  largest  single  issue  representing  cur- 
rent standardization  work  that  has  ever  been  sent  to  the 
members.  The  Iron  and  Steel  Report  covers  73  pages.  Copies 
of  this  report  will  be  available  also  in  booklet  form. 

Members  should  see  that  the  new  issue  of  data  sheets  is 
correctly  inserted  in  their  S.  A.  E.  Handbooks  so  that  they 
may  be  sure  they  have  at  hand  the  most  recent  revisions  of 
all  the  S.  A.  E.  Standards.  An  incident  recently  came  to 
the  attention  of  the  office  of  the  Society  in  which  a  bid  was 
solicited  on  a  quantity  of  material  conforming  to  a  certain 
S,  A.  E.  Specification.  The  bid  submitted  was  much  lower 
than  expected  owing  to  the  fact  that  it  had  been  based  on  an 


obsolete  copy  of  the  specification  covering  that  material. 

The  letter  from  the  Society  that  will  accompany  the  March 
issue  of  data  sheets  will  contain  a  check-list  of  S.  A.  E. 
Handbook  data  sheets.  This  will  enable  the  members  to 
check  their  S.  A.  E.  Handbooks  so  that  they  will  be  sure 
that  they  have  all,  as  well  as  the  most  recent,  data  sheets 
issued  to  date. 

The  new  issue  of  data  sheets  will  bring  the  total  number 
of  pages  in  the  S.  A.  E.  Handbook  to  468.  When  it  is  ap- 
preciated that  the  standards  as  published  by  the  Society 
are  limited  to  the  definite  recommendations,  no  historical  or 
explanatory  matter  being  included,  the  large  amount  of  work 
that  the  standards  represent  will  be  understood. 

Information  has  been  submitted  to  the  members  of  each 
Division  giving  the  status  of  the  several  subjects  which  have 
been  assigned  to  the  Standards  Committee,  together  with 
lists  of  the  personnel  of  the  Subdivisions  which  have  been 
appointed.  Data  in  reference  to  subjects  awaiting  the  con- 
sideration of  any  of  the  various  automotive  or  parts  and 
materials  Divisions  of  the  Standards  Committee  will  be  sent 
to  interested  members  upon  request. 


INDUSTRIAL  UNEMPLOYMENT 


IT  is  estimated  that,  in  1920,  the  total  number  of  persons 
engaged  in  gainful  occupations  in  the  United  States  was 
about  41,000,000.  Most  of  the  available  employment  statis- 
tics pertain  to  wage-earners  in  the  groups  of  manufacturing 
and  mechanical  industries,  which  numbered,  in  1920,  about 
12,800,000.  During  normal  times,  it  is  estimated,  about 
1,800,000  of  these  are  out  of  work,  since  on  the  average  about 
42  days  per  year,  or  about  14  per  cent  of  his  total  working 
time,  is  lost  by  each  industrial  wage-earner.  The  workers  in 
many  industries  are  subject  to  longer  periods  of  unemploy- 
ment, while  in  others  the  average  is  low.  The  unemploy- 
ment situation  has  been  abnormal  due  to  business  depres- 
sion. It  is  estimated  that  over  one-quarter  of  the  industrial 
wage-earners  were  out  of  work  on  June  1,  1921,  representing 
an  estimated  total  of  3,500,000  persons. 


There  is  need  for  a  more  adequate  system  of  collecting  and 
disseminating  information  showing  the  trend  of  prices,  the 
actual  cost  of  operation  and  the  revenues  from  industry. 
Such  a  system  will  afford  a  reliable  basis  of  comparison 
within  plants  at  different  times  and  between  individual  plants 
in  the  industry  as  a  whole.  The  application  of  such  methods 
to  all  industries  will  provide  a  kind  of  clinical  thermometer 
of  industry,  which  will  afford  a  more  trustworthy  guide  for 
judging  future  needs  and  prospects  in  the  industrial  system. 
The  more  the  future  situation  can  be  anticipated,  the  more 
will  it  be  possible  to  establish  bases  of  control  over  normal 
production,  distribution  and  consumption  and  over  the  fluctua- 
tions from  prosperity  to  depression  that  recur  at  varying 
intervals  of  time.- — From  a  report  of  National  Industrial  Con- 
ference Board. 


PRODUCTION  ORGANIZATION 


THERE  are  two  features  that  characterize  all  the  systems 
of  works  records  that  really  give  satisfaction.  In  the 
first  place  they  provide  definite  information  on  all  matters 
upon  which  information  is  essential  to  the  management,  and 
they  will  also  be  found  to  have  been  developed  in  the  par- 
ticular establishment  in  which  they  are  in  force.  These 
characteristics  alone  are  sufficient  to  indicate  the  course  to 
be  adopted  in  any  works  in  which  it  is  felt  that  an  existing 
system  is  inadequate  or  has  outlived  its  usefulness.  Instead 
of  deciding  to  import  somebody  else's  method,,  with  the  al- 
most certain  result  of  causing  administrative  indigestion 
throughout  the  factory,  it  is  better  for  the  manager  to  de- 
termine deliberately  for  himself,  what   are   the  exact  ques- 


is  a  sound  general  rule  that  no  fact  is  worth  recording 
unless  it  may  be  useful  as  the  basis  of  some  executive  act, 
either  then  or  in  the  future.  To  acquire  knowledge  for  its 
own  sake  is  commendable  in  certain  circumstances,  but  use- 
less facts  are  worse  than  superfluous  in  the  records  of  a  firm. 
They  involve  time  and  expense  in  their  collection,  and  dis- 
credit the  system  by  smothering  the  wheat  with  valueless 
chaff.  The  decision  as  to  what  are  the  essential  facts  to  be 
recorded  is  not  one  to  be  taken  hastily,  and  the  conclusion 
is  likely  to  be  different  in  different  factories.  When  once  it  is 
made,  there  is  established  the  beginning  of  a  sound  system 
of  records  which  by  reason  of  its  simplicity  and  direct  use- 
fulness will  be  easily  and  sympathetically  maintained  by  those 
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S.  A.  E.  Standards  Exhibit  at  the 
Minneapolis  Tractor  Show 


THE  fifth  annual  exhibit  of  the  Society  at  the  Na- 
tional Tractor  Show  and  Demonstration,  held  at 
Minneapolis  during  the  week  of  Feb.  G  to  11, 
was  of  unusual  interest  and  educational  value.  It  con- 
sisted in  part  of  large  posters,  making  plain  the  current 
use  of  S.  A.  E.  Standards  in  tractor  construction,  and 
specifying  the  standards  that  have  been  applied  in  the 
building  of  automotive  engines  and  motor  trucks.     Two 


in  difficulty,  a  car-owner  in  trouble,  the  dealer  in  stock- 
ing parts,  the  factory  inspector  in  checking  purchased 
parts  and  the  tool  and  general  production  departments  in 
reducing  costs  and  equipment. 

An  important  part  of  the  exhibit  consisted  of  more 
than  50  selected  groups  of  different  automotive  parts, 
each  a  strictly  commercial  article,  illustrating  in  con- 
crete form  the  application  of  the  standards  in  practice. 


rUmt  ol  SAX.  Standard  gjj, 

POWER  PLANT 

Ftyuhed  Housings A  I 

Engine  Rear  Support  Arms A3 

Poppet  Valves A4 

Connecting-Rod  Bolts AS 

Piston-Ring  Grooves A  6 

Oversize  Cylinders A  7 

Carbureter  Flanges- A  8 

Sixirk-Plug  Shells A 10 

VjHjiiie  Governors AI3 

Fan-Mis&Fvllcvs A 14 

Start/  na  ■  Cranks A  IS 

Radiators A  26 

ELECTRICAL   EOUIPMENT 

Head  Lamps B  I 

Instrument  &  Oil  Cage  Mounting B  12 

Magneto  Mounting B  14 

Generator  Mounting BI7 

Starling  Motor  Pinion B  18 

Starter  Mounting  (I  lange) B 19 

Starter  Mounting  (Barrel) B  20 

P.iM'  lermin.ils  (Motors) B  21 

Star!  ing-Molor  Cable B  21 

r.rN.-  ferinifMte (Gvnm afcira  <***>_. 822 

Storage  flatteries B  23 

tnsuLited  Wire  and  Cable B  33 

PARTS  &  FITTINGS 

Screw  Threads . C  I 

Seraws.  Bolls  &  Huts C2 

Lock-Washers C5 

Taper- Pipe -ThrvadB C€  a 

Co/for-Pins C7 

Rod-Ends C8 

Rod  End  Pins CIO 

Taper  Fittings CI4 

four-Spline  fittings ClS 

Sm-Splinc  Fittings , CI8 

7en-Spline  Fittings _?C  20 

Annular  P-olbBearings C26 


Tractor  Htrs  Usinff  Standard 


Nam*  ol  S  A  E  Standard 


Dai* 

s-t<*e< 


79 


■  7.1 

M   14    l 

■■  1.'. 

■  7.1 

■■  14.3 

■  7.1 

■  7.1 

■  7.1 

■  7.1 

M  14.3 

■■  14.3 

64 


Double  Row  Ball-  Hearings C  31 

Angular  Contact  Ball-  Bearings C  33 

Thrust  Ball  Hearings C  35 

Roller  hearings C  43 

Fuel  Vacuum  Tanks C  45 

Pipe  FiHuigs C  46 

Carbureter  Intakes C  47  a 

Rubber  Hose  i  Clamps C  51 

Flexible  Steel  Conduit CS2 

Flexible  Metal  Tubing C  54 

Ball  A  Socket  Joints CS4 

Oil  A  Crease  Cups C57 

Lubricator   Cups C  57 

Drain-  Cocks C57 

Tank  A  Radiator  Caps C  58 

MATERIALS 

Iron  A  Steel  Specilicatioiis D  I 

Cold  Drawn  Steel  Tubing D47 

Steel  Bands  A  Strips D  48 

Noil Ferrous  Metal  Srx-eifn-alions D  49 

CHAINS 

Silent  Chains  _  '. E  2 

Roller  Chains E3 

WHEELS 
Runs.  Orals  A  Lugs  lor  Wheels F  6 

SPRINGS 

Spring  Rebound  Clips  Spacers  A  Hulls H  3 

Spring  Center  Holts H  4 

Wrapppd  Spnnd  Eyes H  4 

Spring  Eye  fiusnififl  X  Polt  Tolerances H  5 

Width  otSpnng  -Ends H  6 

Frame  Brackets  for  Springs H  6 

Spang  Specifications H  10 

GENERAL 

Traolor  Specifications K  34 

Drawbar  Height K40 

Plowing  Speeds K  40 

Bells  A  Pollens K  40 

Bell  Speeds K  40 


Tractor  Mtr  s  Usind  Standard 

mimm  357 

I  14  3 

7  1 

■M  28  5 

I  14  3 


I  28  5 


186 


I  14.3 

I  14.3 


186 


171.4 


■■21  5 

■  14.3 

■  14.3 
7.1 

mm  21  5 
M  215 

■  14  3 

■  14.3 


Chart  Showing  the  Relative  Number  of  Tractor  Bdilders  Using  the  70  S.  A.  E.  Standards  Applicable  to  Tractor 

Construction 


charts  showed  graphically  and  in  figures  the  wholesale 
value  of  motor  trucks  and  passenger  cars  produced  in 
1921,  the  saving  attributed  to  the  use  of  S.  A.  E.  Stan- 
dards in  their  production,  and  the  cost  of  formulating 
S.  A.  E.  Standards  in  1921. 

Statistics  that  are  considered  reliable  indicate  this 
wholesale  value  to  be  $1,222,350,000,  or  22,224  times  the 
cost  in  1921  of  formulating  S.  A.  E.  Standards.  The 
saving  due  to  the  use  of  the  standards,  based  on  an  aver- 
age of  estimates  made  by  nearly  150  prominent  engineers 
and  executives,  amounted  to  15  per  cent,  that  is,  $215,- 
135,000,  or  3911  times  the  cost  of  the  1921  standardiza- 
tion work.  The  estimated  direct  total  cost  of  the  So- 
ciety's standardization  activity  during  1921  is  $55,000. 

The  accompanying  chart  showing  the  respective  per- 
centage of  tractor  producers  using  various  S.  A.  E. 
Standards  is  based  on  replies  to  a  questionnaire  sent  to 
more  than  100  companies  in  January. 

A  feature  of  the  exhibit  was  six  cartoons  emphasizing 
practical  reasons  for  and  advantages  of  the  reduction  to 
practice  of  S.  A.  E.  Standards  as  assisting  directors  of 
companies  in  planning  production  and  helping  a  customer 


These  were  arranged  on  long  tables  along  the  sides  of 
the  booth,  and  accompanied  by  the  corresponding  data 
sheets  from  the  S.  A.  E.  Handbook. 

The  simple  but  thoroughly  convincing  nature  of  the 
exhibit  was  amply  demonstrated  by  the  interest  shown 
by  the  large  number  of  visitors,  many  of  whom  were 
agriculturists  who  had  not  previously  known  of  the 
S.  A.  E.  Standards.  A  number  of  these  expressed  the 
intention  of  talking  with  their  local  dealers  regarding 
the  desirability  of  incorporating  as  many  of  the  stan- 
dards as  possible  in  the  products  they  handle.  Much  in- 
formation was  disseminated  in  relation  to  the  scope  and 
work  of  the  society,  as  well  as  its  membership  and  sev- 
eral publications. 

The  Show  afforded  an  excellent  opportunity  to  obtain 
at  first  hand  an  insight  into  the  rapidly  growing  appre- 
ciation on  the  part  of  builders  and  users  of  tractors 
and  agricultural  power-driven  implements  of  the  essen- 
tial value  of  practical  standardization  and  of  the  funda- 
mentally important  work  the  society  is  carrying  forward 
through  its  widespread  membership  and  the  automotive 
industries  in  general. 
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DISTRIBUTION   OF   INCOME    FROM   PRODUCTION 


CALCULATED  in  dollars  the  national  income  increased 
from  831,300,000,000  in  1910  to  $66,000,000,000  in  1919, 
but  calculating  the  value  of  the  national  product  at  1913 
prices  the  figures  for  1919  are  only  $37,300,000,000,  showing 
that  the  actual  gain  in  product  was  only  about  20  per  cent, 
which  is  not  much  more  than  normal  growth  for  9  years. 
The  figures  for  each  of  the  years  are  as  follows: 


Purchasing 

Power  at 

National 

Weighted 

Price  Level 

Income, 

Index 

of  1913, 

billions 

Number 

billions 

Year 

of  dollars 

of  Prices 

of  dollars 

1910 

31.1 

97.8 

31.8 

1911 

31.2 

98.5 

31.6 

1912 

32.4 

99.4 

32.6 

1913 

33.3 

100.0 

.  33.3 

1914 

32.5 

100.6 

32.3 

1915 

35.9 

102.5 

35.0 

1916 

45.5 

113.4 

40.1 

1917 

53.9 

136.1 

39.6 

1918 

61.7 

160.8 

38.4 

1919 

66.0 

176.8 

37.3 

The  final  estimate  of  the  average  income  per  capita  and 
purchasing  power  at  the  price  level  of  1913,  for  the  years 
from  1909  to  1918,  is  as  follows: 


National  Income 

Purehasi 

ng  Power  at 

Per 

Price  Level  of  1913, 

Income. 

Capita 

Income, 

Per  Capita 

Population, 

billions  of 

Income, 

billions  of  Income, 

Year 

millions 

dollars 

dollars 

dollars 

dollars 

1909 

90.37 

28.8 

319 

30.1 

333 

1910 

92.23 

31.4 

341 

32.2 

349 

1911 

93.81 

31.2 

333 

31.7 

338 

1912 

95.34 

33.0 

346 

33.2 

348 

1913 

97.28 

34.4 

354 

34.4 

354 

1914 

99.19 

33.2 

335 

33.0 

333 

1915 

100.43 

36.0 

358 

35.2 

350 

1916 

101.72 

45.4 

446 

40.7 

400 

1917 

103.06 

53.9 

523 

40.8 

396 

1918 

104.18 

61.0 

586 

38.8 

372 

One  of  the  most  interesting  results  shows  the  division  of 
combined  net-value  product  of  mines,  factories  and  land 
transportation  between  earnings  of  employes  and  returns  for 
management  and  the  use  of  property.  The  figures  are  given 
in  millions  of  dollars  and  also  in  percentages  of  the  net  value 
of  the  product,  as  follows: 


Management 

Management 

Wages  and 

and 

wages  ana 

and 

Salaries 

Property 

Salaries 

Property 

Tear 

millions  of  dollars 

per  cent 

1909 

6,481 

2.950 

68.7 

31.3 

1910 

7,156 

3,250 

68.8 

31.2 

1911 

7,287 

2,791 

72.3 

27.7 

1912 

7,993 

3,169 

71.6 

28.4 

1913 

8,651 

3,359 

72.0 

28.0 

1914 

7,947 

2,816 

73.8 

26.2 

1915 

8,722 

3,470 

71.5 

28.5 

1916 

11,630 

5,810 

66.7 

33.3 

1917 

14,375 

6,502 

68.9 

31.1 

1918 

17,472 

5,124 

77.3 

22.7 

The  lesson  to  be  found  in  this  study  of  incomes  is  that 
they  are  governed  by  economic  law,  and  not,  as  commonly 
assumed,  by  arbitrary  power.  They  are  not,  in  any  general 
sense,  within  the  control  of  employers,  either  singly  or  as  a 
body,  to  fix  as  they  please;  nor  can  the  general  wage-level 
be  materially  changed  by  organization  among  wage-earners. 
There  are  certain  relationships  throughout  industry,  between 
the  amounts  disbursed  for  wages,  required  additions  to  cap- 
ital, the  share  of  the  industrial  product  that  shall  be  in  the 
form  of  goods  for  current  consumption  and  the  share  that 
shall  be  in  the  form  of  productive  equipment,  which  in  the 
long  run  are  bound  to  be  maintained.  There  is  a  balance,  or 
equilibrium,  in  industry  which  must  be  maintained  for  the 
best  interests  of  all;  if  it  is  disturbed,  the  normal  exchange 
of  goods  and  services  is  interrupted,  and  although  wages 
may  be  nominally  high  they  are  actually  low  when  taken 
Into  account.  The  latter  is  the  state  of  things  existing  today 
not  only  in  this  country,  but  also  throughout  the  entire  world. 

Wages  must  be  high  enough  to  enable  the  wage-earning 
class  to  buy  and  consume  their  normal  share  of  the  industrial 
product;  otherwise  products  will  accumulate  and  business 
will  be  bad.  Likewise,  farm  products  must  have  a  purchas- 
ing power  compared  with  other  things  that  will  allow  the 
great  body  of  people  who  live  on  the  farms  to  take  their 
usual  share  of  goods,  or  unemployment  in  the  other  indus- 
tries will  result.  Thus,  every  class,  instead  of  being  inter- 
ested in  fixing  its  own  compensation  without  regard  to  the 
effect  upon  others,  is  interested  in  that  right  adjustment  of 
values  which  enables  the  exchanges  to  be  completely  made, 
and  in  that  manner  serves  the  common  interest. — National 
City  Bank  of  New  York. 


HIGHWAY  TRANSPORTATION  AND  THE 
AUTOMOTIVE  ENGINEER 


(Concluded  from  page  217) 


hillsides.  In  Virginia  a  concrete  road  was  built  that 
held  all  right  until  the  water  got  beneath  it,  which  ruined 
the  sub-grade  and  the  road.  It  is  worse  than  it  was 
formerly,  because  the  road  is  standing  on  edge. 

Mr.  Templin  :— It  is  no  doubt  true  that  the  sub-grade 
has  an  important  bearing  on  the  success  of  the  road.  I 
do  not  wish  to  convey  the  idea  that  impact  is  the  only 
destructive  factor,  because  a  defective  sub-grade  is  an- 
other very  important  factor  in  road  construction. 

Chairman  Smith  : — The  Goodyear  company  has  taken 
a  broad-gage  view  of  the  situation;  it  makes  tires  and 
practically  everything  in  the  rubber  line.  Theoretically, 
it  ought  not  to  make  much  difference  to  the  comnanv  what 


is  really  worth  while.  We  know  that  a  bicycle  weighing 
about  50  lb.  will  carry  a  load  of  150  lb.;  that  a  motorcycle 
weighing  150  lb.  will  carry  150  lb.;  that  a  touring  car  is 
very  poorly  off  in  that  a  4000-lb.  car  is  designed  to  carry 
only  about  300  lb.;  and  that  a  standard  truck  weighs 
approximately  the  same  as  its  nominal  pay-load.  The 
Goodyear  company  has  succeeded  in  producing  a  truck 
that  carries  a  high  ratio  of  pay-load  to  its  weight  and  has 
been  able  to  increase  the  operating  speed.  Speed  is  a 
commercial  factor,  always;  in  fact,  it  is  a  condition. 

It  is  a  pleasure  to  ride  for  24  hr.  on  one  of  those  six- 
wheel  trucks  and  I  have  done  this  in  a  truck  equipped 
with  12-in.  tires  with  less  fatigue  than  I  have  felt  in 
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APPLICANTS   l'OU    MKMKKKSIIIP 


■;■:: 


Applicants 

for 

Membership 

The  applications  for  membership  received   between   Tan. 
23  and   Feb.    16,    1922,   are  given  below.     The  members  of 
the   Society   are   urged   to  send   any   pertinent    Information 
with  regard  to  those  listed  which   the  Council   should   1 
for  consideration   prior   to   their   election.      i  ited 

that  BUCh  communications  from  members  be  sent  promptly. 

Anderson.   Robert  A.,  general   manager,  mmered  Piston 

Ring  Co..  Newark,  .V.  J. 

•iiuetz.  Habbi   Gboroe,  sales  manager,  Paul  M.   Marko  &  Co., 
Brooklyn,  .V     V. 

Bbaiohamp,    BtaTFORD    DuPONT,    Student,    Georgia   School    of   Tech- 
nology. Atlanta,  Qa. 

Berrv,   John   T..   superintendent.   Carriage   Factories.    Ltd.,    Ori/li«. 
Ont.,  Canada. 

Billuan.  H.  C,  Instructor  automobile  mechanics,  National  Military 
Home.  Dayton,  Ohio. 

Bisiior.    Wai.tkr    W.,    Jb.,    test   engineer,   engineering   division.    Air 
Service    McCook   Field    Dayton,  Ohio. 

Blombeko.   M.,   motor   truck   engineer,   National   Steel   Car  Corpora- 
tion. Hamilton,  Ont.,  Canada 

Borden-.  Edward  Rot.  mechanical  engineer,  Mudge  &  Co.,  Chicago. 

Bouse,  Murbi.  R,  instructor,  Chanute  Field    Rantoui,  III. 

Brav.  George  H.,  assistant  to  supervisor  of  equipment,  Texas  Co., 
Boston. 

Brooks.   Howard,   assistant   superintendent.   American   Smelters  Se- 
curities Co,   Velardcna.  Mexico. 

Burlby.   Harrt   B..   president.    Boston   Insulated   Wire  &  Cable  Co.. 
Dorchester.  Mass. 

Caldwell,    JBBSI    Thomas,    commercial    engineer.    National    Lamp 
Works  of  General  Electric  Co.,  Cleveland. 

Carson,  Rat  Edgar,  student,  Purdue  University.  Lafayette,  Ind. 

Cason.  Paul  B  ,  draftsman.  Kimball  Motor  Truck  Co..  Los  Angeles, 
Cal. 

Christiansen.    Svem  engineer,    engineering   division.    Air 

Service,  McCook  Field.  Dayton,  Ohio. 

Clark,  Harold  Edmund,  motor-truck  salesman,  Packard  Motor  Car 
.Vrw  l'orfc  City. 

Cline.  N.   N..  student,  Purdue  University,  Lafayette,  Ind. 

Crabill.  P.  P..  president  and  engineer.  Central  Brass  &  Fixture  Co., 
Springfield,  Ohio. 

Crowell.  William   S„    instructor,   Y.   M.   C.   A.   Automobile   School, 
San  Francisoo. 

Dale.  E.  B..  assistant  professor  of  automotivi  -.  Colorado 

State  Agricultural  College,  Fort  Collins,  Col. 

Davis,  Fred,  engineering  tests.  General   Motors  Research   Corpora- 
tion, Dayton,  Ohio. 

Donahew.  A.  L..  student,  Purdue  University,  Lafaycttr,  ind. 

Eberts,  John  Foster,  student.  Purdue  University,  Lafayette,  Ind. 

Eterlt,  L.  V.,  automotive  engineer,  246  State  Street,  Salem,  Ore. 

Fauntleroy.      Hhimanze      Edwin,      student,      Purdue     University, 
Lafayette,  Ind. 

HARLE3  R..   student,   Purdue  University,   Lafayette,  Ind. 

Field.   Burnham    E.,   metallurgical  engineer.   I'nion  Carbide  &  Car- 
bon Research  Laboratories,   Inc.,  Long  Island  City,  .V.    Y. 

Fitzgerald,     Everett,     Adirondack    Power    ft     Light     Corporation. 
Amsterdam,  N.  Y. 

Gardner.   Archibald   D.   student,   graduate   school   of   engineering, 
University    of    Michigan,    Ann    Arbor,    Mich. 


GR18ELL.    Lowell   Hobart,   student,    Purdue    University,    Lafayette, 
Ind. 

Hannah    Waiter  John,  consulting  engineer,  Hannah  King  &  Co., 
Glasgow,  Scotland. 

llu-.r.is.    Elmer   P.,  proprietor,    Harris   Mfg.   Co..    .Veto    York   City. 

Hazen,     Ronald    McKean,    student.    University    of    Michigan,    Ann 
Arbor,  Mich. 

HOT.  LBS    H  Purdue  University,  Lafayette,  Ind. 

Holm  nn.  chief  engineer,  Novo  Engine  Co.,  Lansing,  Mich. 

HOYNB,    BLANCHARD   II.  student,  Purdue  University,  Lafayette,  Ind. 

i<  i  tuversitv,    Lafayette, 

Ind. 

Hughes,    F.    J.,    technical    representative,    Tilling-Stevcns    Motors, 
Ltd.,  Maiil  •     pland. 

Johnson,   E.  F..   general   manager   p  General   Motors 

Corporation.  Detroit,  Mioh. 

Kaplan,   Simon,   sales  manager.   1419   North   Charles  Street,   Balti- 
more, Md. 

Kirby,  Major  Maxwell.  Air  Service,  City  of  "Washington. 

Minis,    Albert   H.,    designing   engineer,    Ahrens    Fox   Fire    Engine 
Co.,  Cincinnati. 

Mann,    Ernest   W       is-istant   engineer,    Ward   Motor   Vehicle   Co., 
Mount  Vernon,  X.   Y. 

Mbtzroth,  William,  factory  manager,  Myneto  Electric  Corporation, 
Syracuse,  N,  Y. 

Miller.   Albert  H.,   research   engineer,   Midvale   Steel   &   Ordnance 
Co.,  Philadelphia. 

Morton,  Jenkins  Jesse,  student,  Purdue  University,  Lafayette,  Ind. 

ProvooST,  WILLIAM   Rees.  draftsman,  Tietjcn  &  Lang  Co.,  Hoboken, 
.Y.   J. 

Fuhek.    Matt   J.,    specification   clerk.    Dort   Motor   Car   Co.,   Flint, 
Mich. 

Ramsdale,   Fred,   student.   Pratt  Institute,   Brooklyn,  N,   Y. 

Ritzi,  Harry,  student,   Purdue  University.  Lafayette,  Ind. 

Schad.  Alfred  Barth,  student,  Purdue  University,  Lafayette,  Ind. 

Schakbl,  Raymond  Anton,  student,  Purdue  University,  Lafayette, 
Ind. 

Sellards,  Frank   Bolton,  student,  Kansas  State  University,  Law- 
rence, Kan. 

Solbrio,  H.  E.,  student,  Purdue  University,  Lafayette,  Ind. 

Springer,    Russell    S..    vice-president   and    factory    manager.    Holt 
Mfg.   Co..  Stockton,  Cal. 

Steen.  Adolph  F.,  student,  Purdue  University.  Lafayette,  Ind. 

Stephens,  George  H..   chief  engineer,  Fansteel   Products  Co.,   Inc.. 
Xorth  Chicago,  III. 

Sweet,   William   M.,   vice-president,   Klaxon  Co.,   Bloomfield,  N.  J. 

Taylor,  James  Russel,  student,  Purdue  University,  Lafayette,  Ind. 

Teetor.    Ivan,    mechanic,    General    Motors    Research    Corporation, 
o,i.  Ohio. 

Thomas,    Theodore   Paul,    student,    Purdue   University.    Lafayette, 
Ind. 

Todd.   W.    E.   Arthur,   Beaver   Truck   Corporation,   Ltd.,   Hamilton, 
Ont.,  Canada. 

Tolputt,  Herbert,  manufacturer,  Tolputt  Co.,  Sheffield,  England. 

Tufford,   Henry   Horace,   manager   of   tire   instruction   and   super- 
visor of  tire  department,   Dunwoody  Institute,  Minneapolis. 

Tuttle.  J.  H.    chief  engineer.  Wrestcott  Motor  Car  Co..  Springfield, 
Ohio. 

Van    Zandt.   First-Lieut.    J.    Parker.    Air   Service,   McCook   Field. 
Dayton,  Ohio. 

WATNWRIOHT.   J.    Daniel,   Southern   sales   director.    643   Carondelet 
Street,  New  Orleans,  La. 

Wendell.  Evert  J.,  chief  engineer  and   manager.  Hale  Fire  Pump 
Co.,  Inc.,  Conshohocken,  Pa. 

White.  Herbert  R..  general  sales  manager,  Lancaster  Steel  Prod- 
ucts Corporation,   Lancaster,  Pa. 

ird,  J.  W.,  general  manager,  General  Products  Co.,  Detroit. 

Williams,  Gordon  Hunter,  student,  Columbia  University.  New  York 
City. 

Williams.   John   Leach,   assistant   production   manager.   Canadian 
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Winkler.   William,  owner,  Winkler  Motor  Service,   Chicago. 

Winner,  Carl  S.,  mechanical  draftsman,  Rock  Island  Arsenal,  Rock 
Island,  III. 

Wood,   R.   M..   student,  Georgia  School  of  Technology,  Atlanta,  Ga. 

Woods,  Leonard  R,  salesman,  Dorris  Motor  Car  Co.,  St.  Louis. 


Applicants 
Qualified 


The  following  applicants  have  qualified  for  admission  to 
the  Society  between  Jan.  10  and  Feb.  10,  1922.  The  various 
grades  of  membership  are  indicated  by  (M)  Member;  (A) 
Associate  Member:  (J)  Junior;  (Aff)  Affiliate;  (S  M) 
Service  Member;  (F  M)  Foreign  Member;  (E  S)  Enrolled 
Student. 


Ackerman,  Paul  C.  (E  S)  student.  University  of  Michigan,  Ann 
Arbor,  Mich.,  (mail)   327  Thompson  Street, 

Ahlers,  Milton  Theodore  (A)  assistant  chief  engineer.  City  Ma- 
chine &  Tool  Works.  Dayton,  Ohio,    (mail)    847   Bowen   Street. 

Althouse,  Andrew  D.  (M)  instructor,  Cass  Technical  High  School, 
Detroit,    (mail)   R  F.  D.   1,  Oxford,  Mich. 

Benton.  Edwin  L.  (J)  service  manager.  Benton  Electric  Co., 
LaCrosse,  Wis.,   (mail)    112  North  10th  Street. 

Black.  George  A.,  Jr.  (E  S)  student.  University  of  Michigan,  Ann 
Arbor,  Mich.,   (mail)    624  Packard  Street. 

Bolgiano.  John  F.  (S  M)  chief  draftsman,  transportation  branch, 
balloon  and  airship  section,  Air  Service,  McCook  Field,  Dayton, 
Ohio. 

BoswORTH,  Alvah  H.  (A)  vice-president  and  chief  designing  engi- 
neer, Colador  Engineering  Corporation.  Long  Island  City,  N.  Y., 
(mail)   8601  S9th  Avenue. 

Burger.  George  Edwin.  Jr.  (E  S)  mechanical  engineer.  Rensselaer 
Polytechnic  Institute,  Troy,  N.  Y.,  (mail)  1  Walnut  Grove 
Place. 

Bursik.  Frank  James  (E  S)  student.  Armour  Institute  of  Tech- 
nology,  Chicago,   (mail)    1443   South   Central  Park  Avenue. 

Bushnell.  Sherman  W.  (A)  automotive  engineer,  2515  Fourth 
Avenue,  Seattle,  Wash. 

Canavan.  J.  Jerome  (A)  transportation  engineer.  619  Chapman 
Building.  Los  Angeles,  Cal. 

Carter.  Thomas  Frederick  (E  S)  student.  Georgia  School  of 
Technology, .A tlanta,  Ga.,   (mail)   55  West  North  Avenue. 

Chu-man.  Capt.  H.  Lea  (J)  commercial  transport  consultant  50 
Daisybank  Road,  Victoria  Park,  Manchester,  England. 

Clarke,  James  Russell  (A)  president,  American-LaFrance  Fire 
Engine  Co..  Inc..  Elmira,  N.  Y.,  (mail)  250  West  54th  Street, 
Neu>  York  City. 

Clarke,  Louis  E.  (A)  sales  manager,  bearing  and  die-casting  de- 
partment. Hoyt  Metal  Co.,  Boatmen's  Bank  Building,  St.  Louis. 

Datton.  John  C.  (A)  engineer  and  manager,  Dayton  Gas  &  Elec- 
tric Engineering  Works.  Harrisburg,  Pa.,  (mail)  1927  Logan 
Street. 

Eckman.  Norman  H.  (A)  vice-president  and  general  manager. 
Center-Fed  Spring  Insert  Sales  Co.,  Coal  Exchange  Building. 
Wilkes  Barre.  Pa. 

Emerson.  L.  A.  (M)  head  of  automotive  department,  William  Hood 
Dunwoody  Industrial  Institute,  Minneapolis. 

Francis.  C.  K.  (M)  chief  chemist  and  technical  superintendent, 
Cosden  &  Co.,  1415  South  Elwood  Avenue,  Tulsa,  Okla. 

Gauthiet.,  Edward  (J)  mechanical  draftsman,  Holt  Mfg.  Co,  44  4 
South  Aurora  Street,  Stockton,  Cal. 

Gelpke,   Adolph    (M)   chief  draftsman.  Autocar  Co.,  Ardmore,  Pa. 

Grabow.  Frederick  C.  (J)  designer,  Shaw-Enochs  Tractor  Co.. 
Minneapolis,   (mail)    4600  Pleasant  Avenue,  South. 

Hedrich,  O.  H..  Jr.  (E  S)  student.  University  of  Illinois,  Vrbana, 
III,  (mail)   1204  West  Green  Street. 


Hurd,  Ralph  H.  (M)  engineer,  Libby  &  Huls,  Chicago,  (mail) 
1323  West  98th  Street. 

Hamilton,  Erwin  (M)  instructor  in  mechanical  engineering.  New 
York  University  ;  instructor  in  automotive  engineering.  United 
Y.M.C.A.  Schools,  New  York  City,  (mail)  New  York  Universitv. 
181st  Street  and  University  Avenue. 

Johnson,  Andrew  F.  (M)  instructor,  Correspondence  School  for 
Automobile  Body-Makers,  Designers  and  Draftsmen,  Gray,  Me., 
(mail)   Gray,  Me. 

Jonsson,  John  Erik  (E  S)  student,  Rensselaer  Polytechnic  Insti- 
tute, Troy,  N.   Y.,   (mail)   272  Hoosick  Street. 

Keim,  Btron,  L.  (J)  mechanical  engineer,  R.  D.  Nuttall  &  Auto- 
motive Parts  Co.,  Pittsburgh,  (mail)  1459  Foliage  Street, 
Wilkinsburg,  Pa. 

Koelble.  Edna  O'Connor  (A)  370  Manhattan  Avenue,  yew  York 
City. 

Koerber.  Arthur  W.  (M)  draftsman,  O.  E.  Szekely  Engineering 
Co.,  Moline,  111.,   (mail)   2S31  Sixth  Avenue,  Rock  Island,  III. 

Lange,  Edward  C  (M)  Pacific  Power  Implement  Co.,  Foot  of  Jack- 
son Street,  Oakland,  Cal. 

Lathem,  Joseph  Gault,  Jr.  (E  S)  student.  Georgia  School  of 
Technology,  Atlanta,  Ga.,  (mail)    103  Ashby  Street. 

Malone,  D.  G.  (E  S)  student,  University  of  Illinois,  Urbana,  111., 
(mail)   411  East  Green  Street,  Champaign,  III. 

Messinger.  Carl  W.  (A)  sales  representative,  Stanley  Works,  New 
Britain,  Conn.,    (mail)    1105  Kresge  Building,  Detroit. 

Murphy,  John  Edmund,  2nd  (E  S)  student,  Georgia  School  of 
Technology,  Atlanta,  Ga.,   (mail)    55   West  North  Avenue. 

Neuhart.  J.  H.  (A)  general  manager,  Liggett  Spring  &  Axle  Co., 
Monongahela,  Pa. 

Nofsinger,  Charles  W.  (E  S)  student.  University  of  Illinois, 
Urbana,  111.,    (mail)    61  East  Green  Street,   Champaign,  III. 

Ohsawa.  Gen  (E  S)  student.  University  of  Illinois,  Urbana,  111., 
(mail)  P.  O.  Box  525,  Champaign,  III. 

Packer.  A.  Herbert  (M)  manager,  P.  R.  Electric  Starter  Co., 
Chicago,   (mail)    120  East  6Sth  Street. 

Parsons,  Charles  Edward  (M)  chief  engineer,  Depp£  Motors  Cor- 
poration, 151  Church   Street,  New  York  City. 

Peterson,  W.  C.  (M)  metallurgist,  Atlas  Crucible  Steel  Co..  Detroit, 
(mail)   5174  Parker  Avenue. 

Phelan,  Herbert  C.  (A)  tool  salesman.  Cornwell  Quality  Tools 
Co.,  Cuyahoga  Falls,  Ohio,  (mail)  55  Spring  Street,  Portland. 
Me. 

Power.  E.  (M)  superintendent  of  equipment,  Union  Oil  Co.,  Union 
Oil  Building,  Los  Angeles,  Cal. 

Reinhard,  Louis  (A)  engineer.  Geuder,  Paeschke  &  Frey  Co., 
Milwaukee,   (mail)   709  Hackett  Avenue. 

Rooks.  Alfred  Wendel  (E  S)  student.  School  o£  Engineering, 
Milwaukee,   (mail)    652  Milwaukee  Street. 

Rosecrans,  Crandall  (J)  research  assistant,  102  Mechanical  Engi- 
neering Laboratory,  University   of  Illinois,    Vrbana,  III. 

Rowell,  Henry  Snowden  (F  M)  director  of  research,  Research 
Association  of  British  Motor  &  Allied  Manufacturers,  15  Bolton 
Road.  Chiswick,  London,  W  4,  England. 

Ruge,  Edgar  P.  (A)  road  service  man.  Dorris  Motor  Car  Co.,  St. 
Louis,   (mail)   5053  Kensington  Avenue. 

Ryder,  C.  D.  (A)  chief  engineer.  Corcoran  Victor  Co.,  Cincinnati, 
(mail)    320  Russell  Street,  Covington,  Ky. 

Schroyer.  E.  C.  (J)  instructor,  Georgia  School  of  Technology, 
Atlanta,  Ga. 

Schwartz.  Christian  (M)  testing  engineer,  research  laboratory, 
Plant  5.  Studebaker  Corporation  of  America,  Detroit. 

Shoemaker,  Harry  (A)  salesman.  Girard  Automobile  Co.,  Phila- 
delphia,  (mail)    6404  North  11th  Street. 

Strohl.  George  Ralph  (M)  mechanical  engineer.  Autocar  Co.. 
Ardmore,  Pa.,   (mail)    520  East  County  Line  Road. 

Sturtevant,  Foster  E.  (J)  draftsman,  Ward  Motor  Vehicle  Co.. 
Mount  Yemon,  N.  Y.,  (mail)   45  South  First  Avenue. 

Tether,  Clifford  F.  (E  S)  student.  Rensselaer  Polytechnic  Insti- 
tute, Troy,  N.  Y.,  (mail)   145  Eighth  Street. 

Tilden.  Sydney  G.  (J)  in  charge  of  wholesale  sales.  Vandar  Motor 
Sales  Corporation.  Brooklyn,  N.  Y.,  (mail)  223  Woodland  Ave- 
nue. .Vctc  Rochelle,  N.  Y. 

Trammell,  Leander  Newton  (E  S)  student.  Georgia  School  of 
Technology.  Atlanta,  Ga.,  (mail)    55  West  North  Avenue. 

Ulrich.  Theodore  (J)  layout  draftsman.  Hupp  Motor  Car  Corpora- 
tion. Milwaukee  and  Mount  Elliott  Avenues,  Defrotr. 
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The  Summer  Meeting 


HAVE  your  vacation,  or  a  part  of  it,  at  White 
Sulphur  Springs,  W.  Va.,  during  the  week  of 
June  18.  The  Summer  Meeting  of  the  Society 
will  be  held  at  this  unusually  attractive  resort  during 
that  week.  The  meeting  opens  Tuesday,  June  20,  and 
closes  Saturday,  June  24.  The  hotel  authorities  have 
set  especially  low  rates  during  this  meeting  period  and 
the  fare-and-half  return  concession  has  been  assured 
us  by  the  railroads  that  traverse  the  automotive  dis- 
tricts. 


White  Sulphur  Springs  and  its  environs  will  appeal 
strongly  to  the  members  of  the  Society.  It  is  situated 
on  the  main  line  of  the  Chesapeake  &  Ohio  Railroad, 
where  that  line  passes  through  the  Allegheny  Moun- 
tains. The  resort  proper  is  at  an  elevation  of  2000  ft. 
and  the  surrounding  mountains  reach  to  even  greater 
heights.  In  the  warmest  season  the  evenings  are  cool 
and  refreshing.  Two  hotels,  The  Greenbrier  and  The 
White,  will  serve  as  our  home  during  the  meeting. 
Both  establishments  are  modern  in  their  appointments, 
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the  cuisine  is  appetizing  and  the  service  is  the  type 
that  our  members  demand.  A  very  large  percentage  of 
the  rooms  have  connecting  baths  and  there  is  a  large 
tiled  pool  for  those  who  enjoy  swimming. 

The  general  arrangement  of  the  meeting  program 
will  follow  closely  that  which  has  proved  so  successful 
in  past  years.  The  mornings  will  be  devoted  exclu- 
sively to  technical  sessions  at  which  the  engineering, 
production  and  service  problems  of  the  industry  will  be 
treated  by  authorities  and  thoroughly  discussed  in 
assembly.  Although  the  plans  for  the  technical  pro- 
gram are  indefinite  at  this  early  date,  sessions  on 
motor-bus,  research,  service,  aeronautics  and  fuel  mat- 
ters seem  definitely  assured.  The  Meetings  Committee 
is  endeavoring  to  treat  those  problems  whose  solution 
appears  to  be  most  urgent  at  this  time.  In  this  en- 
deavor it  asks  the  cooperation  of  those  in  the  industry 
whose  daily  work  brings  them  into  intimate  contact 
with  the  engineering  matters  that  are  exciting  greatest 
interest.  Write  your  suggestions  to  the  headquarters 
of  the  Society  in  New  York  City.  If  you  have  a  paper 
that  you  wish  to  present  personally,  send  it  to  the 
Committee  at  once. 

The  Sports 

The  afternoons  at  White  Sulphur  Springs  will  be 
devoted  entirely  to  sports.  One  of  the  major  factors 
influencing  the  selection  of  this  resort  was  its  unusually 
complete  sport  facilities.  There  are  two  picturesque 
and  sporty  golf-courses,  one  of  9  holes  and  another  of 


18.  Five  excellent  tennis  courts  lie  adjacent  to  an 
attractive  clubhouse  whose  shady  verandahs  provide  a 
pleasant  gallery  for  the  tennis  and  golf  spectators.  A 
baseball  diamond  awaits  the  adherents  of  the  national 
pastime.  Trapshooting,  bowling,  croquet,  clock  golf 
and  quoits  are  provided  for.  A  spacious  lawn  will 
accommodate  the  annual  S.A.E.  games.  The  50  x  100-ft. 
swimming  pool  will  prove  alluring  to  the  water  lovers. 
Races  will  be  held  in  the  natatorium  on  one  of  the  eve- 
nings. Our  members  can  readily  discern  from  this  out- 
line that  White  Sulphur  Springs  holds  many  attractions 
for  the  sport  lover. 

Reservations  for  the  1922  Summer  Meeting  will  be 
made  in  a  manner  unlike  that  followed  in  past  years. 
On  page  37  of  this  issue  of  The  Journal  an  appli- 
cation blank  is  printed  for  the  members'  use.  Read  the 
instructions  carefully  to  avoid  any  misunderstanding. 
You  will  note  that  assignments  to  rooms  are  made  by 
the  hotel.  The  hotel  authorities  are  not  permitted  to 
accept  applications  for  rooms  desired  during  the  meet- 
ing- period,  unless  these  are  forwarded  through  the 
offices  of  the  Society.  Your  application  blank  must  be 
accompanied  by  the  proper  reservation  fee  before  it 
will  be  accepted  and  sent  to  the  hotel.  This  fee  applies 
as  a  credit  on  your  hotel  bill  when  you  check  out  after 
the  Summer  Meeting.  Reservations  will  be  assigned  in 
the  order  of  receipt  of  the  applications  and  those  mem- 
bers who  mail  theirs  promptly  will  receive  the  benefit 
of  what  choice  there  may  be  in  the  selection  of  rooms. 
Mail  your  application  today. 


BATTLESHIPS  VERSUS  AIRPLANE  CARRIERS1 


THE  Navy  Department  has  a  very  important  problem  that 
one  may  think  has  developed  largely  from  the  recent 
bombing  tests  but  it  is  a  problem  that  has  been  appreciated 
from  the  very  beginning  of  aviation  in  the  Navy.  It  is  that 
we  must  get  our  planes  with  the  fleet.  It  was  not  altogether 
appreciated  for  a  time  that  the  planes  with  the  fleet  would 
be  useful  for  much  more  than  observation  purposes  and  the 
control  of  gunfire;  but  it  is  now  realized  very  thoroughly 
that  they  are  an  important  asset  for  the  purposes  of  attack 
and  that  they  are  still  more  important  for  purposes  of  de- 
fense. The  aircraft  carrier  is  coming;  it  is  a  necessity,  but 
it  is  not  a  reality  as  yet.  There  is  talk  to  the  effect  that  the 
battleship  is  obsolete,  but  it  is  not  yet  obsolete  in  my  opinion. 
I  think  that  opinion  is  held  generally  by  officers  of  the  Naval 
Service,  although  there  are  some  who  differ.  Until  we  have 
something  to  supplant  the  battleship,  we  cannot  give  it  up. 
I  really  think  that  the  time  is  coming  when  the  battleship 
and  the  aircraft  carrier  probably  will  come  toward  each 
other  and  that,  ultimately,  a  new  type  of  battleship  will  de- 
velop therefrom.  For  that  reason  I  cannot  agree  that  battle- 
ships are  obsolete.  There  must  be  a  main  factor  in  a  fleet 
that  can  control  a  decision  at  sea.  It  will  be  a  long  time 
before  it  will  be  possible  for  any  nation  to  concentrate  on 
any  fleet  at  sea  the  amount  of  fire  that  was  concentrated  on 
the  ships  off  the  Virginia  Capes  in  the  recent  bombing-tests. 
Another  important  problem  that  has  been  realized  from 
the  beginning  in  the  Navy  is  the  necessity  of  launching  air- 
planes from   ships.     We  have  conducted  recently   successful 

1  Prom  an  address,  before  the  Metropolitan  Section's  December 
1921  meeting,  by  Com.  H.  C.  Richardson,  U.S.N.. 'chief  engineer, 
Naval  Aircraft  Factory,  League  Island  Navy  Yard,  Philadelphia. 


experiments  along  this  line,  and  believe  that  the  launching 
problem  is  fairly  well  worked-out.  The  aircraft  carrier  itself 
offers  a  more  simple  method  of  launching  and  also,  what  is 
still  more  important,  a  means  for  aircraft  to  return  to  the 
mother  ship.  But,  when  we  get  the  aircraft  carrier,  what 
we  must  do  is  to  carry  a  flying  field  at  sea.  That  flying  field 
will  be  a  much  larger  and  more  vulnerable  target  than  the 
battleship  itself.  The  aircraft  carrier  is  subject  to  surface 
as  well  as  subsurface  attack,  just  as  the  battleship  is,  except 
of  course  when  we  cause  it  to  travel  at  high  speed.  When  it 
travels  at  high  speed  we  get  a  large,  aircraft  carrier,  and 
then  we  have  a  large  target.  The  most  important  factor  is 
getting  the  airplanes  back  again,  but  it  requires  only  a  600-lb. 
bomb  to  smash  up  a  deck  so  that  it  is  no  longer  useful  for 
getting  airplanes  away  or  landing  them;  thus  the  problem 
will  not  have  been  solved  even  when  we  get  aircraft  carriers. 


SCIENCE 


SCIENCE  as  king,  science  as  power,  looms  as  the  great 
new  figure,  the  overshadowing  novel  factor,  in  practical 
statesmanship.  Unlike  the  factor  x  in  the  traditional  equa- 
tion, it  is  the  known  factor  par  excellence,  the  factor  by 
which  the  value  of  all  the  other  factors  of  human  life  will 
be  ascertained  and  solved.  As  knowledge  of  the  conditions 
determining  all  life,  it  stands  as  the  courageous  David  of 
the  race  against  the  Goliath  territory  of  the  uncontrollable 
and  the  inevitable,  even  the  unknowable.  The  future  of 
science  has  become  the  future  of  the  race.  The  natural  won- 
ders of  the  laboratory  have  taken  the  place  of  the  absurdities 
of  the  medieval  mind. — Louis  Berman. 
t 


Vol.  X 


April,  19*2 


\. 


Some  Aspects  of  Air-Cooled  Cylinder 
Design  and  Development 


By  S.  1).  Heron 


Po  ros  Si  <  won  Papi  r 


Illustrated  with  Drawings  vnd  Photographs 


THE  paper  reviews  some  of  the  salient   points  aris- 
ing in  the  design  and  development  of  the  modern 

high-output  air-cooled  cylinder.     It  I  to  a   very 

largi  ipon  the  work  of  Dr.  A.  11.  Gibson  at  the 

Royal  Aircraft  Establishment,  which  in  turn  was  prin- 
cipalis a  development  of  the  pioneei  effort!  oi  Renault, 
by  some  post-war  work  of  the  authoi  for 
British  companies  ami  tests  made  by  the  engine. 
division  of  the  Air  Service.  While  the  paper  may. 
therefore,  lack  somewhat  in  originality,  many  of  the 
results  presented,  it  is  stated,  have  not  been  published 
previously.  The  problems  of  an  aircraft  cylinder  of 
approximately  40  b.  hp.  are  dealt  with  primarily,  but 
some  aspects  of  automobile-engine  cylindei  are 

considered. 

The  first  point  treated  is  the  heat  to  be  dissipated, 
this  being  followed  by  a  consideration  of  how  to  secure 
an  even  temperature-distribution  in  the  various  parts 
of  the  cylinder.  Cooling  by  a  direct  air-blast  and  by 
conduction  is  discussed,  the  importance  of  removing 
the  heat  from  the  cylinder  at  the  point  where  it  is 
given  to  the  head,  the  ports  and  the  barrel  being  par- 
ticularly emphasized.  The  effects  of  mixture-strength 
and  cooling  air-supply  upon  the  cylindei  temperature 
are  commented  on,  the  text  being  supplemented  by  a 
number  of  tables.  Methods  of  finning  different  forms 
of  cylinder,  the  cooling  surface  required;  the  effect  of 
the  compression-ratio  on  the  output,  fuel-consumption 
and  wall-temperature;  cylinder  materials;  types  of 
cylinder,  wjth  a  summary  of  the  advantages  and  dis- 
advantages of  the  different  forms  of  construction.  \ 
seat  inserts  in  aluminum  cylinder-heads;  exhaust-valve 
cooling;  and  valve-gears,  all  receive  attention. 

The  conclusions  reached  are  that  (a)  successful  air- 
cooling  is  not  limited  to  50  b.  hp.  per  cylinder,  lb) 
fragility  of  the  tins  is  a  disadvantage  of  air-cooling 
and  (<■)  the  compromises  necessary  in  the  design  of 
air-cooled  cylinders  have  been  made  at  the  expense  of 
the  cooling  efficiency. 

The  effect  of  the  position  of  the  spark-plugs  on  the 
power  output  and  the  fuel-consumption  is  discussed  in 
an  appendix  and  the  use  of  two  spark-plugs  located 
on  a  common  horizontal  axis  that  passes  through  the 
vertical  axis  of  the  combustion-chamber  in  such  a  po- 
sition that  neither  plug  can  project  a  flame-wave  against 
the  exhaust-valves  is  commended.  The  influence  of 
velocity  through  the  valves  on  the  performance  of  an 
air-cooled  engine  is  the  subject  of  a  Second  appendix. 
In  this,  as  throughout  the  paper  proper,  numerous  illus- 
trations and  tabulations  of  test  results  supplement  the 
text. 


I 


T  is  proposed  to  review  some  of  the  salient  points  aris- 
ing in   the  design  and  development  of  the  modern 
air-cooled  cylinder  of  high  output. 
It  may  be  well  to  state  that  the  paper  contains  little 


1  S.M.S.A.E. — Aeronautical  mechanical  engineer,  engineering  divi- 
sion. Air  Service,   Mc'ook  Field,  Dayton,  Ohio. 

•See  Proceedings  of  the  Institution  of  Automobile  Engineers. 
vol.  14.  p.  243;  also  Transactions  of  the  Royal  Aeronautical  Society, 


that  is  new,  it  being  based  in  the  main  on  the  work  of 
Dr.  A.  11.  Gibson  at  the  engine  research  department  oJ 
the  Royal  Aircraft  Establishment.  Some  postwar  work 
of  mine  in  British  companies  is  also  drawn  upon,  and  the 
work  of  the  engineering  division  of  the  Air  Service  has 
been  used  freely.  With  few  exceptions  I  have  been  con- 
cerned personally  with  the  types  ami  tests  mentioned  in 
the  paper,  which  may  cause  the  views  presented  to  be 
somewhat  one-sided. 

Although  the  paper  is  lacking  in  originality,  it  is  felt 
thai  many  of  the  data  presented  are  by  00  means  well 
known  to  American  engineers.  In  fact  part  of  the  data 
used  has  never  been  previously  published  to  my  knowl- 
edge. The  work  on  which  the  paper  is  based  is  in  the 
main  a  development  of  the  pioneer  efforts  of  Renault, 
whose  air-cooled  aircraft  engines  established  such  an 
enviable  record  for  reliability. 

The  development  of  air-cooling  in  Great  Britain  is 
principally  due  to  the  brilliant  and  persistent  work  of  Dr. 
Gibson,  and  to  the  far-sighted  enthusiasm  of  Major  F.  M. 
Green,  who  initiated  the  investigation  at  the  Royal  Air- 
craft Establishment.  In  1915  the  air-cooled  aircraft  en- 
gine of  stationary  type  (.rotary  engines  are  not  dealt  with 
in  this  paper)  was  prone  to  cracked  cylinders,  burnt  ex- 
haust-valves and  overheating.  At  the  best,  the  engines 
then  used  developed  only  low  mean  effective  pressure,  and 
that  on  high  specific  fuel-consumption.  In  fact,  the 
R.  A.  E.  1A  and  4A  engine  specifications  called  for  a 
minimum  specific  fuel  consumption  of  0.63  lb.,  a  neces- 
sary precaution  to  avoid  cracked  valve-seats  and  burnt 
valves.  The  progress  since  1915  has  be,en  rapid.  Today 
the  air-cooled  engine  is  not  one  iota  less  reliable  as  re- 
gards exhaust-valves,  has  little  higher  fuel-consumption 
and  is  generally  no  more  liable  to  thermal  trouble  than  is 
its  water-cooled  rival  of  equal  class  of  design. 

Primarily  the  paper  deals  with  the  problems  of  the 
aircraft  cylinder  of  about  40  b.  hp.  In  addition,  some 
aspects  of  automobile-engine  cylinder  design  are  touched 
upon. 

Heat  to  Be  Dissipated 

Investigation  has  shown  that  for  every  brake  horse- 
power developed  an  average  of  approximately  0.6  hp.  or 
25  B.t.u.  per  min.  has  to  be  dissipated  directly  to  the  cool- 
ing air  by  the  external  cooling  surface  of  the  cylinder. 
In  addition,  0.4  to  0.5  hp.  has  to  be  dissipated  by  the  oil, 
by  conduction  to  and  radiation  from  the  crankcase  and 
similar  means.  The  amount  "of  heat  absorbed  by  the  oil 
will  depend  largely  upon  the  amount  reaching  the  cylin- 
der and  the  piston  walls  and  the  facilities  for  cooling  the 
oil.  Power  output,  fuel  consumption  and  cylinder-wall 
temperatures,  such  as  are  quoted  herein,  are  dependent 
upon  liberal  splash  lubrication  and  the  resultant  oil- 
cooling. 
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cylinder  of  high  output  has  to  fulfill  approximately  the 
following  requirements: 

(1)  Develop  a  volumetric  efficiency  of  80  to  85  per  cent 

(2)  Produce  a  brake  mean  effective  pressure  of  at  least 
130  lb.  per  sq.  in.  at  the  normal  speed  on  a  max- 
imum fuel-consumption  of  0.56  lb.  per  b.  hp-hr. 

(3)  Dissipate  25  B.t.u.  per  min.  per  b.  hp.  from  the  ex- 
ternal cooling  surfaces  of  cylinder,  this  heat  to  be 
dissipated  so  that  the  maximum  temperature  of 
any  portion  of  the  exterior  of  the  cylinder  walls 
does  not  exceed  550  deg.  fahr.,  and  it  is  preferable 
that  it  be  lower.  In  addition,  the  mean  temperature 
of  the  exterior  of  the  cylinder  walls  should  not  ex- 
ceed 350  deg.  fahr.  To  produce  a  layout  that  ful- 
fills the  stated  requirements,  it  is  necessary  that 
heat-flow  be  the  primary  point  in  mind  during 
design. 

Temperature  Distribution 

As  the  amount  of  heat  lost  to  the  walls  from  the  charge 
differs  largely  in  various  parts  of  the  cylinder,  it  is  ob- 
vious that  to  have  anything  like  even  temperature- 
distribution,  the  supply  of  cooling  air  to  any  portion  of 
the  cylinder  should  be  proportioned  approximately  to  the 
amount  of  heat  given  to  that  portion  of  the  cylinder. 

Considering  a  normal  design  of  overhead-valve  cylin- 
der with  circumferential  cooling-fins,  it  is  evident  that 
the  side  of  the  cylinder-head  and  barrel  that  carries  the 
exhaust  ports  will  receive  the  greatest  heat  supply  per 
unit  area,  and  therefore  should  receive  the  major  por- 
tion and  the  greatest  effect  of  the  cooling  air-supply. 
This  requirement  is  suitably  met  by  applying  the  cooling 
blast  on  the  exhaust  side  of  the  cylinder.  In  practice, 
with  such  blast  application,  the  qircumferential  tem- 
perature-difference at  the  top  of  the  cylindrical  portion 
of  the  combustion-chamber  will  not  exceed  50  deg.  fahr. 
Toward  the  base  of  the  cylinder  the  circumferential 
temperature-differences  will  probably  increase,  but  this 
is  usually  of  little  moment,  since  the  maximum  tem- 
peratures attained  there  are  low.  Contrary  to  the 
opinion  commonly  held  in  this  Country,  the  back  or  side 
of  the  cylinder  that  is  in  the  lee  of  the  blast,  does  not 
give  overheating  trouble  when  the  cylinder  design  is 
sound  and  the  air  supply  is  suitably  arranged. 

Uneven  temperature  distribution,  whether  caused  by 
poor  air  distribution  or  by  cylinder  walls  lacking  the 
required  heat-flow  capacity  to  equalize  the  temperature 
distribution,  has  a  considerable  effect  on  the  output, 
thermal  efficiency  and  reliability  of  a  cylinder.  Very  un- 
even distribution  of  temperature  will  result  in  the  local 
development  of  an  excessive  temperature  and  overheated 
exhaust-valves.  These  faults  in  their  turn  lead  to  de- 
creased volumetric  efficiency  and  the  use  of  rich  mixtures 
to  check  detonation,  to  reduce  the  flame  temperature  and 
to  cool  the  walls  internally. 

The  tendency  to  detonation  resulting  from  local  or 
general  high  cylinder-wall  temperature  reduces  the 
maximum  usable  compression-ratio,  thus  doubly  reduc- 
ing the  possible  output. 

Direct  Cooling  Versus  Cooling  by  Conduction 

The  advent  of  aluminum  as  a  cylinder  material,  and 
the  success  obtained  with  some  of  the  early  applications 
of  it,  resulted  almost  immediately  in  the  production  of 
many  designs  that  gave  poor  results.  For  a  time  it  was 
commonly  thought  that  aluminum  would,  by  its  high  con- 
ductivity carry  away  efficiently  the  heat  from  the  por- 
tions of  a  cylinder  that  are  entirely  inaccessible  to  the 
cooling  air  and  have,  in  addition,  the  maximum  heat- 
reception.  On  the  surface  such  a  method  seems  to  be 
the  obvious  way  of  avoiding  the  apparent  difficulties  of 


directly  air-cooling  all  portions  of  the  cylinder.  Experi- 
ence, however,  has  shown  that  to  produce  an  air-cooled 
cylinder  that  is  comparable  in  output  with  a  high-class 
water-cooled  design,  the  cooling  medium  must  flow  over 
all  portions  of  the  cylinder-head  and  barrel.  Air  will  not 
flow  around  sharp  corners  or  through  fins  at  90  deg.  to 
the  airstream  merely  to  fit  in  with  the  imagination  of  the 
sanguine  designer.  Numerous  tests  have  demonstrated 
that  siamesed  exhaust-ports,  and  exhaust  and  intake 
ports  without  any  air  space  between  them,  are  altogether 
unsound.  This  is  markedly  comparable  with  experience 
on  water-cooled  cylinders  of  high  output. 

The  aim  in  design  should  be  to  remove  as  far  as  pos- 
sible the  heat  from  the  cylinder  at  the  point  where  it  is 
given  to  the  head,  ports  and  barrel.  Investigation  has 
demonstrated  that  neither  a  material  of  high  conductivity 
nor  an  excessive  cooling  air-supply  will  remedy  poor  de- 
sign. A  simple  cast-iron  cylinder  with  only  a  small  cool- 
ing air-supply  but  fulfilling  some  of  the  fundamental 
necessities  for  efficient  heat-dissipation  will  give  a  per- 
formance much  superior  to  that  of  designs  that  presume 
to  function  by  high  wall  or  fin  conductivity  in  conjunc- 
tion with  large  quantities  of  air  supplied  to  those  por- 
tions of  the  cylinder  where  little  is  needed  and  a  total 
lack  of  effective  air-supply  where  it  is  required. 

Effects  of  Mixture-Strength  and  Cooling  Air-Supply 
Upon  Cylinder  Temperature 

The  temperature  of  an  air-cooled  engine  is  determined 
by  the  cooling-air  temperature  as  a  datum  point.  If  the 
air  temperature  rises  50  deg.  fahr.,  the  actual  cylinder 
temperatures  are  sensibly  increased  by  that  amount.  In 
general,  with  an  efficient  cylinder  design,  the  effect  of 
the  air  temperature  is  little  felt.  A  considerable  lise  in 
the  air  temperature  increases  the  cylinder  temperature, 
but  it  simultaneously  reduces  the  charge  weight,  and  thus 
to  some  extent  the  heat  to  be  dissipated  by  the  cylinder 
is  diminished.  A  variation  of  350  deg.  fahr.  in  maximum 
cylinder-temperature  at  full  throttle  is  permissible  for 
short  periods  of  time,  such  as  exist  during  a  fast  steep 
climb  by  an  airplane  or  the  ascent  of  a  mountain  pass  by 
an  air-cooled  car.  That  cylinder-temperature  control  is 
necessary  for  air-cooled  aircraft  engines  has  yet  to  be 
proved  in  practice,  although  urged  as  a  disadvantage  of 
air-cooling  by  its  opponents.  The  stabilization  of  the 
carbureter  temperature  is  much  more  likely  to  be  found 
necessary,  due  to  the  rapidity  with  which  an  air-cooled 
engine  cools  during  a  glide  or  dive  when  switched  off  or 
idling. 

An  investigation  of  the  amount  of  air  required  to  carry 
away  the  heat  dissipated  from  the  external  cooling  sur- 
faces of  air-cooled  cylinders  is  of  considerable  interest. 
For  aircraft  it  is  desirable  to  use  as  little  cooling  air  as 
possible  to  minimize  the  head  resistance.  For  automo- 
bile work,  where  fan  cooling  is  used,  economy  of  power 
absorbed  by  the  fan  is  to  be  aimed  at.  In  both  cases, 
however,  economy  in  the  cooling  air-supply  may  be 
dearly  bought.  A  possible  result  of  insufficient  cooling 
air-supply  is  a  hot  engine,  requiring  more  fuel  for  a 
given  net  performance  than  an  engine  supplied  with 
more  cooling  air,  and  having  a  lower  specific  fuel-con- 
sumption per  overall  horsepower  which  is  the  effective 
horsepower  plus  the  horsepower  absorbed  in  cooling.  I 
know  of  no  exact  measurements  of  the  cooling  air-supply 
in  connection  with  the  general  type  of  cylinder  dealt 
with  in  this  paper.  Tests  have  been  conducted  to  meas- 
ure the  amount  of  cooling  air  required  and  the  mean 
temperature-rise  of  the  air,  but  these  were  carried  out 
before  the  specific  output  had  reached  its  present  figures. 


\     \ 


April.  1922 


No.  i 


AIH-COOI.KD   CYUMM.K    DKSK.N    AND    DKYKl.l  M'M  I  A  I 


233 


9«vr 


3KTI0WA-A 

Fig     1 — Teiiperatire    Positions   of  the    Airco   Cylinder 

An  attempt  is  made  herein  to  estimate  the  quantity 
of  air  used  for  cooling  a  circumferential-fin  cylinder  by  a 
free,  unconfined,  blast.  The  method  used  is  not  exact 
by  any  means  and  is  open  to  criticism,  but  other  data  on 
cylinders  of  such  size  and  efficiency  are  lacking.  The 
cylinder  used  is  the  Airco  of  5%  x  6  in.,  shown  in  Fig.  1, 
developing  46.5  b.  hp.  at  1900  r.p.m.,  or  a  brake  mean 
effective  pressure  of  136  lb.  per  sq.  in.,  and  running  in  a 
mean  blast  of  87  m.p.h.,  this  velocity  being  the  mean  of 
the  velocities  measured  around  the  outside  of  the  air- 
flow area  contour  shown  in  Fig.  2.  The  cylinder  is  as- 
sumed to  be  cooled  so  that  all  air  supplied  passes  between 
the  fins.  It  is  assumed  also  that  the  air  velocity  is  con- 
stant from  the  roots  to  the  tips  of  the  fins.  The  air-flow 
area  diagram,  Fig.  2,  takes  no  account  of  the  fin  thick- 
ness and  otherwise  gives  a  generous  estimate  of  area 
available  for  flow.  This  area,  from  the  diagram,  is  32 
sq.  in. 

The  quantity  of  air  used  on  the  above  basis  is  1700 
cu.  ft.  per  min.  and  is  the  product  of  the  blast  velocity 
in  feet  per  minute  and  the  area  available  for  flow  in 
square  feet.  The  number  of  cubic  feet  required  per 
minute  per  brake  horsepower  is  36.7.  The  heat  to  be 
dissipated  per  min.  per  b.  hp.  is  25  B.t.u.,  or  a  total  of 
1160  B.t.u.  per  min.  The  weight  of  air  required  per 
minute  is  129  lb.  The  mean  temperature-rise  of  the  air 
is  equal  to  the  total  number  of  British  thermal  units 
dissipated  per  minute  divided  by  the  weight  of  air  re- 
quired times  the  specific  heat  at  constant  pressure,  or 
1160  -j-  (129  X  0.24)  =  37  deg.  fahr. 

The  cylinder  used  in  this  example  is,  of  course,  a 
highly  efficient  design,  running  under  nearly  ideal  con- 
ditions. In  fact,  few  air-cooled  cylinders  of  such  size 
have  given  better  performance  at  a  similar  speed. 
The    cylinder   was    running   at   continuous    full-throttle, 


and  even  under  these  circumstances  a  considerable 
reduction  in  the  blast  velocity  could  have  been  made 
without  materially  affecting  the  performance  or  the  tem- 
perature. Under  conditions  of  intermittent  full-throttle 
operation  or  the  equivalent  of  progressively  throttling 
that  approximates  the  condition  of  a  steady  climb  by  air- 
craft, a  considerable  reduction  of  air  supply  could  be 
made  with  safety. 

Owing  to  the  fact  that  the  cylinder  was  operating  in  a 
free  blast,  much  of  the  air  supplied  was  not  actually  used 
for  cooling,  due  to  it  striking  the  front  of  the  cylinder 
and  being  deflected  sideways  and  thus  not  passing 
through  the  fins  at  the  cylinder  sides.  This  may  be  an 
objection  to  the  method  used  for  estimating  the  air  sup- 
ply. Single  cylinders  have  shown  approximately  the 
same  performance  when  cowled  so  that  all  the  air  sup- 
plied was  effective  for  cooling,  as  when  running  in  a  free 
blast  of  equal  mean  velocity. 

In  cowled  V-engines,  where  the  cooling  air  is  supplied 
to  the  V  and  flows  out  sideways  between  the  cylinders, 
all  the  air  available  for  cooling  has  to  pass  through  the 
fins  and  some  of  these  engines  have  given  remarkably 


Fig.  2- 


-Cross-Section  of  the  Airco  Cylinder  Showing  the  Akea 
Availablb  for  UsEnn.  Cooling-Air  Flow 
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Fig.    3 Plan   View   and   Sectional  Elevations  of  the   Cylinder 

Used  in  the  B.  S.  A.  Passenger  Car 

efficient  cooling.     Examples  of  engines  thus  cooled  are 
the  Renault  and  the  R.A.E.  1A,  4A  and  4D  engines. 

Numbers  of  designs  have  been  proposed  and  many 
built  in  which  the  ingoing  charge  is  presumed  to  cool 
the  various  parts  of  the  cylinder,  usually  the  exhaust- 
valves  and  exhaust-ports.  In  practice  such  designs  do 
not  function,  little  or  no  cooling  from  the  ingoing  charge 
is  obtained,  and  the  general  result  is  usually  a  marked 
reduction  in  the  volumetric  efficiency,  accompanied  by  a 
pronounced  overheating.  The  ratio  between  the  amount 
of  air  required  for  cooling  and  that  used  for  combustion 
serves  to  show  the  unsoundness  of  attempts  to  use  the 
ingoing  charge  for  cooling.  Further,  the  cylinder  is  not 
the  correct  place  to  apply  heat  to  the  charge,  as  heat  sup- 
plied there  can  have  no  beneficial  effect  on  the  distribu- 
tion. In  calculating  the  air  required  for  combustion  a 
brake  mean  effective  pressure  of  130  lb.  per  sq.  in.  and 
an  85-per  cent  volumetric  efficiency  in  terms  of  air  at 
the  carbureter  mouth  are  assumed.  This  brake  mean 
effective  pressure  almost  exactly  equals  6.1  cu.  in.  cylin- 
der capacity  per  brake  horsepower  in  a  four-cycle  engine 
running  at  1000  r.p.m.  The  volume  of  air  per  brake 
horsepower  per  minute  required  for  combustion  is  1.5 
cu.  ft.  and  the  ratio  between  the  air  for  required  cooling 
and  that  needed  for  combustion  is  24.5:1  or  36.7/1.5. 
Although  less  than  36.7  cu.  ft.  of  cooling  air  per  b.  hp. 
can  be  used,  and  the  foregoing  calculation  takes  no  ac- 
count of  the  cooling  effect  derived  from  the  latent  heat  of 
the  unevaporated  fuel,  nevertheless  it  gives  a  measure 
of  the  unsoundness  of  a  method  of  cooling  so  attractive 
to  many. 

An  example  of  what  may  be  accomplished  in  the  way 
of  automobile  engine  cooling  with  small  air-supply  is 
shown  by  the  B.S.A.  Light  Car,  the  cylinder  of  which  is 
shown  in  Fig.  3.  This  car  has  a  90-deg.  two-cylinder 
V-engine  of  66-cu.  in.  capacity  and  is  cooled  entirely  by 
natural  draft,  no  fan  being  employed.     One  of  the  early 


engines  was  fitted  to  a  car  weighing  1700  lb.,  including 
passengers  and  regular  equipment,  and  road  tests  of  the 
cylinder  temperature  under  these  conditions  are  not 
without  interest.  Climbing  a  hill  rising  1200  ft.  in  2% 
miles,  the  temperature  at  TH,  the  hottest  point  of  the 
hottest  cylinder,  was  310  deg.  fahr.  above  the  air  tem- 
perature at  the  start  of  the  ascent,  and  495  deg.  fahr.  at 
the  finish.  This  ascent  was  taken  on  the  run  with  the 
engine  at  normal  temperature  and  was  made  in  a  follow- 
ing wind  in  11  min.  There  is  little  question  that  the 
heat-storage  capacity  of  the  cylinders  is  of  considerable 
importance  in  preventing  overheating  under  such  condi- 
bions  as  quoted  for  this  car  when  hill-climbing  with  a 
following  wind.  The  heat-storage  capacity  of  a  water- 
cooled  car  engine  having  a  large  quantity  of  water  in  the 
jackets  and  the  radiator,  in  .this  sense  a  heat  accumu- 
lator, is  known  to  be  of  advantage  in  preventing  boiling 
in  mountainous  country.  This  is  a'  parallel  tending  to 
show  the  similar  advantage  of  thick,  heavy  cylinders  for 
air-cooled  cars. 

Assuming  the  average  brake  horsepower  as  10,  the 
mean  temperature-rise  of  the  cylinder  bodies  as  100  deg. 
fahr.  and  the  weight  of  the  two  cylinder  bodies  as  44  lb., 
the  heat  given  to  cylinders  during  the  climb  equals  2750 
B.t.u.  The  heat  storage  of  the  cylinders  for  a  given 
temperature-rise  equals  the  product  of  the  weight  of  the 
cvlinder  bodies,  the  specific  heat  of  the  material  and  the 
temperature-rise,  or  44  X  0.12  X  100  =  528  B.t.u.  There- 
fore, 19  per  cent  of  the  heat  given  to  the  cylinders  during 
the  climb  was  stored  therein.  This  calculation  is,  of 
course,  only  approximate.  The  assumptions  as  to  the 
brake  horsepower  and  the  mean  temperature-rise  of  the 
cylinders  are  reasonably  sound,  and  even  if  inaccurate 
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the  result  serves  to  >hnw  the  advantages  of  heavy  cylin- 
ders with  large  heat-storage  capacity  for  engines  de- 
pending atirely  on  radiation  for  cooling  during 
limited  periods  of  full-throttle  operation. 

The  variation  of  the  cylinder  temperature,  the  output 
and   the   fuel-consumption   on   a   maximum   load    mil 

a  range  of  blast  velocities  for  an  Airco  cylinder  18 
shown  in  Fig.  4.  It  will  he  noted  that  a  reduction  of  the 
blast  velocity  involves  an  increase  of  the  fuel-consump 
and  the  cylinder  temperature,  and  causes  a  drop  i: 
power.  It  is  of  interest  to  note  that  in  this  case  the  cir- 
cumferential temperature-differences  are  reduced  by  a 
decrease  of  the  blast  velocity. 
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iiB  Effect  of  Ftjbl-Oondu mption  upon  the  Output  and 
Head  Temperature  of  a  Type  D  Cylinder 

The  results  of  an  investigation  of  the  effect  of  mix* 
strength   upon   the  cylinder  temperature   are  shown   by 
Fig.  5.    These  tests  were  carried  out  by  the  engineering 
division  on  a  Type  D  cylinder  shown  at  the  left  o 
The  Type  D  cylinder  is  not  of  very  efficient  design  ;  there- 
fore the  results  of  tests  on  an  R.A.E.  21TD  cylinder, 
Bhown  at  the  right  of  Fig.  6,  are  included  and  are 
ed   in    Table   1.      The  R.A.E.   21TD   cylinder,    w 
similar  size  and  design  to  the  Type  J  cylinder,  illus- 


TABLE 

1 — EFFECT     OF 

MIXTURE-STRENGTH 

TEMPERATURE 

ON    CYLINDER 

Difference 
■een 
Cylinder- 

Fuei 

He 

sumption, 

Air-Fuel 

Temperature 

lb.  i 

Ratio  by 

b.ho. 

b.  hp-lir. 

Weight 

deg.  fahr. 

0.70 

10.5 

0.64 

11.4 

33.3 

0.57 

12.9 

• 

0.54 

L3.5 

371 

15.4 

trated  in  Fig.  7.  is  thermally  of  much  superior  design  to 
the  Type  D. 

The  marked  effect  of  the  mixture-strength  on  the  cylin- 
der temperature  is  shown  also  in  the  results  of  engineer- 
ing division  tests  on  the  Type  D  cylinder.  It  will  be 
noted  in  Fig.  8  that  reducing  the  blast  speed  by  50  per 
cent  and  simultaneously  increasing  the  fuel-consumption 


'Lockinq  Ribs 

•■num   . 
Mead  and  Fins 
CastanJteel 
Sarrel 


■"' Forged 'Steel 'Barrel 

Jtee/  Mounting-Flange 
Screwed and Welded 
an  Sorrel 


i  ITION8.    at    tub    Left,    of    THE    Type    D 

riiK  ENGINEERING  DIVISION  OF  the  Air 
Service  \nd  at  the  Right  the  21TD  Cylinder  with  Cast-on 
Aluminum    Head   i  >i  the   Royal   Aircraft  Establish- 

ment 

by  10  per  cent,  resulted  in  practically  no  change  in  out- 
put and  only  70-deg.  rise  in  temperature  at  the  hottest 
point. 

The  interconnected  effects  of  the  mixture-strength  and 
the  air  supply  on  the  cylinder  temperature  are  of  consid- 
erable importance  in  military  aircraft  service.  Overheat- 
ing, if  occurring  during  a  steep  climb  at  a  low  air-speed, 
can  be  largely  eliminated  by  the  use  of  the  mixture  con- 
trol on  the  carbureter.  Very  high  air-temperatures  such 
as  exist  in  tropical  climates  may  cause  overheating.  This 
tendency  can  be  reduced  also  by  the  use  of  richer  mix- 
tures, although  in  general,  with  efficient  air-cooling,  the 
effect  of- the  air  temperature  is  of  little  importance.  Al- 
most any  crude  and  inefficient  design  of  air-cooled  cylin- 
der can  be  kept  at  an  efficient  working  temperature  by 
ling  it  on  a  sufficiently  rich  mixture.  In  fact,  it  is 
ihle  on  almost  any  air-cooled  engine  to  keep  the  ex- 
haust-valves dead-black  by  rich  mixture. 

A  cylinder  of  sound  design,  when  running  at  its  most 
suitable  compression-ratio,  will  usually  develop  its  maxi- 
mum   power,    maximum    cylinder-wall    temperature    and 
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maximum  tendency  to  detonation  when  the  air-fuel  ratio, 
by  weight,  for  gasoline  and  gasoline-benzol  mixtures  is 
between  12  and  13  to  1.  This  mixture-strength  gives 
approximately  the  maximum  rate  of  flame  propagation. 
A  mixture-strength  of  12  or  13  to  1  by  weight,  when 
used  on  the  composite  aluminum  and  steel  aircraft  cyl- 
inder, usually  results  in  a  fuel  consumption  of  approxi- 
mately 0.55  lb.  per  b.  hp-hr.  with  aviation  gasoline  or 
aviation  gasoline  and  benzol.  This,  however,  only  ap- 
plies at  the  most  suitable  compression-ratio.  If  the  ratio 
be  too  high,  fuel-consumptions  have  to  be  increased  to 
eliminate  detonation.  That  a  fuel  consumption  of  ap- 
proximately 0.55  lb.  per  b.  hp-hr.  usually  produces  the 
maximum  power  and  the  maximum  cylinder-temperature 
is  confirmed  by  Tables  1  and  2. 


and  to  the  reduction  of  both  the  rate  of  flame  propaga- 
tion and  the  flame  temperature. 

The  relative  importance  of  blast  direction  for  fairly 
large  cylinders  is  indicated  by  Table  3,  which  gives 
figures  of  tests  on  an  Airco  cylinder  with  the  blast  on  the 
exhaust  and  on  the  inlet  sides  of  the  cylinder,  the  tem- 
perature positions  being  shown  in  Fig.  1. 

The  circumferential  temperature-differences  at  T„ 
around  the  cylindrical  portion  of  the  combustion-cham- 
ber, with  a  change  of  the  blast  direction  are  noticeable. 
With  exhaust-side  blast  the  difference  is  33  deg.  fahr., 
and  with  inlet-side  blast  it  is  301  deg.  fahr.  The  in- 
crease with  inlet-side  blast  of  197  deg.  fahr.  in  tempera- 
ture at  TH.„  the  hottest  point  of  the  cylinder,  is  suffi- 
cient in  itself  to  show  the  marked  effects  of  blast  direc- 


TABLE   2 — OUTPUT,   TEMPERATURE  AND  FUEL-CONSUMPTION    OF    THE   AIRCO    CYLINDER 
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The  maximum  exhaust-valve  temperature  is  usually 
produced  by  approximately  the  optimum  mixture- 
strength  of  15.2  to  1.  The  use  of  such  mixtures  is,  how- 
ever, impossible  on  anything  but  a  first-class  design. 
This  question  is  dealt  with  later  under  the  subject  of 
exhaust-valve  cooling. 

The  specific  figures  quoted  for  the  mixture-strength 
will  doubtless  be  productive  of  criticism,  since  mixture- 
strength  figures  are  tied  up  in  the  vexed  question  of  volu- 
metric efficiency.  On  the  subject  of  the  volumetric  effi- 
ciency of  cylinders  Of  such  outputs  as  are  quoted  in  this 
paper,  no  two  investigators  seem  to  be  in  agreement. 
The  figures  in  which  I  have  the  most  cause  for  confidence 
are  therefore  used. 

The  minimum  fuel-consumption  that  an  air-cooled  cyl- 
inder will  run  on  is  generally  a  measure  of  its  soundness. 
In  this  respect  a  rather  curious  difference  is  noticeable 
between  efficient  and  unsound  design.  A  poor  design  will 
usually  work  over  a  wide  range  of  fuel-consumption,  say 
from  0.7  to  over  1.0  lb.  per  b.  hp-hr.,  without  much  varia- 
tion in  the  power  output,  whereas  an  efficient  design  will 
generally  show  a  drop  in  the  power  output  if  the  fuel- 
consumption  at  maximum  load  of  approximately  0.55  lb. 
be  increased  by  about  15  per  cent,  the  power  progres- 
sively decreasing  with  a  further  increase  of  the  mixture- 
strength. 

The  reduction  in  the  cylinder-wall  temperature  ob- 
tained when  the  mixture-strength  is  enriched  beyond 
12  or  13  to  1  may  be  attributed  to  the  increase  of  in- 
ternal cooling  by  the  evaporation  of  liquid-fuel  particles, 


tion.  With  inlet-side  blast  the  fuel-consumption,  although 
only  slightly  higher  at  the  maximum-load  mixture,  could 
not  be  reduced  as  much  as  with  exhaust-side  blast.  The 
minimum  fuel-consumption  with  the  inlet-side  blast  was 
9  per  cent  higher  than  that  obtainable  with  the  blast  on 
the  exhaust  side. 

With  fairly  large  two-valve  cylinders  such  as  the  Type 


Table  3 — Effect  of  Blast  Direction 


Blast  Applied  on 

Exhaust 
Side 

Inlet 

Side 

Mean  Blast  Velocity,  m.p.h. 

75.0 

70.0 

Power  Developed,  b.hp. 

36.4 

35.9 

Brake  Mean  Effective  Pressure,  lb. 
per  sq.  in. 

119.0 

117.2 

Fuel-Consumption  with  Maximum- 
Load  Mixture,  lb.  per  b.  hp-hr. 

0.66 

0.68 

TH, 
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Kio.   8 — Effect  of  Variation  of  Blast  Velocity  UPON  Tin    I 
CONSUMPTION    and   Head   Temperature   of  the  Type   D   Cylinder 

J  cylinder,  Fig.  7,  it  is  possible  and  practicable  to  direct 
the  blast  at  90  deg.  to  the  exhaust  side  of  the  cylinder. 
In  the  Type  J  cylinder  the  exhaust  port  is  located  at  75 
deg.  to  the  direction  of  motion  of  the  airplane.  The 
spiral  deflection  of  the  propeller  slipstream,  however,  re- 
sults in  the  effective  angle  between  the  exhaust  side  of 
the  cylinder  and  the  blast  becoming  approximately  65  deg. 
Other  than  exhaust-side  blast  for  cylinders  of  over  100 
cu.  in.  capacity  is  in  the  nature  of  a  compromise.  Ex- 
haust-side blast  is  always  preferable  and  is  almost  essen- 
tial for  three  and  four-valve  cylinders. 

Methods  of  Finning 

The  circumferential  fin,  on  the  whole,  appears  to  have 
the  majority  of  the  advantages.  It  gives  a  considerable 
stiffening  effect  to  the  cylinder  that  is  of  advantage  in 
resisting  distortion  under  temperature,  explosion  and 
bending  stresses.  Circumferential  finning  in  general 
simplifies  the  problem  of  best  applying  the  air-supply  to 
the  cylinders.  A  combination  of  circumferential  fins  for 
the  barrel  and  the  cylindrical  portion  of  the  head  with 
circumferential  and  axial  fins  or  axial  fins  alone  for  the 
crown  is  used  at  times  and  is  practically  essential  for 
four-valve  roof-head  types. 

In  the  foundry  a  cylinder  with  circumferential  finning 
is  a  decidedly  superior  production  proposition  to  one 
completely  finned  with  radial  axial  fins.  The  pivotal 
point  in  the  design  with  a  cast  air-cooled  cylinder  or 
head  is  really  foundry  production.  It  is  useless  to  pro- 
duce a  design  that  will  not  mold  readily.  The  B.S.A.  car 
cylinder  shown  in  Fig.  3  is  an  example  of  a  simple  cast- 
ing. This  was  designed  for  jolt-ram  machine-molding, 
with  st ripping-plate  patterns.  The  mold  and  the  core  are 
symmetrical  about  the  joint  line,  with  the  result  that  only 
half  a  pattern  is  required  for  machine-molding  and  the 
core  cannot  be  inverted  in  the  mold.  Further,  not  a 
single  loose  piece  is  necessary  on  the  pattern.  Such  a 
design  from  the  foundry  standpoint  can  hardly  be 
equalled  by  water-cooled  cylinders,  but  unfortunately  this 
is  possible  only  with  moderate-size  cylinders  and  where 
the  engine  is  laid-out  around  the  cylinder,  which  is  really 
required  by  air-cooled  design  in  the  present  state  of 
knowledge. 


The  use  of  axial  radial  fins  makes  it  extremely  difficult 
in  provide  any  effective  Inning  of  the  cylinder  crown,  and 
most  types  of  such  cylinder  exhibit  a  singular  bareness 
as  regards  such  Aiming.  It  is,  of  course,  easy  to  design  a 
crown  covered  with  fins,  hut  bo  produce  a  fin  layout  for  it 
that  can  be  cast  readily  and  that  will  give  an  efficient 
air-flow  through  the  fin  spaces  is  another  matter. 

The  finning  and  cooling  of  the  cylinder-head  is  much 
more  important  than  that  of  the  barrel.  Most  axial-fin 
designs  rely  upon  the  barrel  finning  to  cool  the  cylinder 
crown,  a  very  thick  crown  being  used  to  conduct  the  heat 
from  the  center  of  the  head  to  the  barrel.  Such  practice 
is  not  sound,  as  it  places  a  double  duty  upon  the  finning 
of  the  combustion-chamber  sides  and,  further,  the  heat  is 
not  dissipated  from  the  crown  at  the  point  of  its  recep- 
tion. Attempts  to  use  such  a  construction,  although  pro- 
ducing passable  results  in  cylinders  of  small  capacity, 
have,  in  Europe  at  any  rate,  invariably  given  trouble 
when  applied  to  cylinders  of  over  100  cu.  in.  capacity. 
Reliable  figures  have  yet  to  show  that  such  a  design  in 
any  size  can  compare  in  performance  with  cylinders  in 
which  an  attempt  is  made  to  dissipate  the  heat  at  its 
point  of  reception. 

Overheating  of  the  lee  side  of  a  circumferentially 
finned  cylinder  does  not  occur  in  a  cylinder  of  correct 
design.  The  view  generally  accepted  in  this  Country  that 
overheating  of  the  lee  side  of  a  circumferentially  finned 
cylinder  is  inevitable  has  arisen  mainly  from  the  per- 
formance of  very  light  steel  aircraft-engine  cylinders, 
mostly  of  European  origin,  and  all  of  poor  design.  Thin 
cast-iron  cylinders  with  the  air-supply  unsuitably  ar- 
ranged have  also  helped  to  confirm  the  fears  of  lee-side 
overheating. 

The  figures  in  Table  2  and  the  curves  reproduced  in 
Fig.  4,  showing  tests  on  the  composite  aluminum  and 
steel  Airco  cylinder,  and  those  in  Table  4  showing  the 
temperature  distribution  in  the  cast-iron  B.S.A.  cylinder, 
indicate    that   an    even    temperature-distribution    is    ob- 
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!i — Plan    View    ash    Sectional    Elevations    of    the    Airco 
5!^x  6-1  n.  Cylinder 
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tunable  with  circumferential  finning  and,  further,  that 
Bach  distribution  is  not  dependent  upon  the  use  of  mate- 
rial of  high  conductivity. 

It  will  l»  i  from  Pig.   I  that  reduction  of  fcrtasl 

velocity  tends  to  diminish  the  circumferential  ten.: 
ture-difference  at  points  7  a  comparison  of  the  cir- 
cumferential temperature-difference  {riven  in  Fig.  4  with 
those  shown  in  Table  2  indicates  thai  those  in  the  table 
are  the  larger.  This  is  partly  due  to  the  increased  blast 
velocity,  but  mostly  to  the  reduced  wall-thickness  of  the 
head,  the  cylinder  body  used  for  the  Pig.  1  tests  being 
that  sho«n  in  Fig.  1  which  was  lightened  by  1">  per  cent, 
as  shown  in  Fig.  9,  for  the  tests  given  in  Table  2. 

In  connection   with  Airco   cylinder  tests   it    is  well  to 
mention  that  those  given  in  Table  3  ani  were  ob- 


Fio.     11 — Plan    View     and     Sectional     Elevation     >>f    the     19T 
LO-lN.    Cylinder    with    Cast-..  m    Head   Developed 

by    the    Royal    Aikcraft    ESTABLISHMENT 

TABLE    4 — TEMPERATURE    DISTRIBUTION     IN     THE  B.    S.    A. 

LIGHT  CAR  CYLINDER 

Bore  of  Cylinder,  mm.  90 

Bore  of  Cylinder,  in.  3.54 

Stroke,  mm.  85 

Stroke,  in.  3.35 
Volume  of  Cvlinder,  cu.  in. 

Speed,  r.p.m."  1,000 

Power  Developed,  b.  hp.  4.36 

Brake  Mean  Effective  Pressure,  lb.  per  sq.  in.  104.5 

Fuel-Consumption,  lb.  per  b.  hp-hr.  0.60 
Fuel               75  per  cent  Gasoline  and  25  per  cent  Benzol 

Compression-Ratio  4.7  to  1 

■locity,  m.p.h.                    '  40 
Blast  Applied  on                                            Exhaust  Side 


The  influence  of  the  thickness  of  the  cylinder  barrel  ai 
the  base  may  be  noted  in  the  figures  for  the  B.S.A.  anc 
Airco  cylinders,  the  circumferential  temperature-differ 
ence  of  the  former  cylinder  being  less  than  half  that  o: 
the  latter. 

The  tests  reported  in  Table  4  by  no  means  represen 
the  best  obtainable  from  this  cylinder.  The  low  brak< 
mean  effective  pressure  was  due  largely  to  poor  distri 
bution  and  very  high  manifold-depression.  The  high  fuel 
consumption  obtained  was  due  to  the  characteristics  o: 
the  carbureter,  a  consumption  of  0.54  lb.  per  b.  hp-hr 
having  been  obtained  later.     This  engine  at  a   furthe: 


Cylinder  Temperature-Rise  above  Air  Temperature, 

deg. 

fahr. 

Temperature  Position 

Side 

Back 

Front 

TH 

384 

T  Inlet 

130 

T  Exhaust 

294 

r, 

299 

l:74 

301 

T, 

276 

T, 

230 

T. 

211 

r, 

167 

155 

202 

tained  while  developing  the  design  and  the  results  are 
therefore  relatively  poor,  due  mainly  to  thermal  troubles 
with  valve-seat  inserts. 


View  A- A 

Fio.   13 — The  Aluminum   Head  and  Jacket  op  the  4C  Cyli.ndei 
Developed    by   the   Royal    Aircraft   Establishment 
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stage  of  development  and  when  using  slightly  higher 
compression  has  given  120  lb.  brake  mean  effective  pres- 
sure at  1800  r.p.m.  The  figures  presented  seem  to  indi- 
cate the  soundness  of  circumferential  finning  for  a  wide 
range  of  cylinder  sizes  and  classes  of  duty. 

Many  methods  of  finning  are  seen  in  the  various  illus- 
trations. The  Airco  cylinder,  Figs.  1  and  9,  has  a  com- 
bination of  circumferential  and  vertical  fins  in  conjunc- 
tion with  spikes  for  the  center  of  the  crown;  the  Type  H 
cylinder,  Fig.  10,  shows  another  and  very  similar  finning 
arrangement  for  a  four-valve  head;  and  Fig.  11  of  the 
R.A.E.  19T  shows  a  method  of  finning  a  four-valve 
spherical-head  cylinder.  It  is  exceedingly  difficult  to  fin 
this  latter  type  of  cylinder-head  successfully.  The  fin- 
ning of  side-valve  cylinders  is  shown  by  the  R.A.E.  4A 
and  4C  cylinders,  illustrated  in  Figs.  12  and  13. 

For  aircraft  cylinder-heads  the  cast  fin  appears  to  be 
the  most  logical.  For  automobile  or  motorcycle-engine 
cylinders  the  cast  fin  is  undoubtedly  the  cheapest  and  the 
power  output  obtained  does  not  justify  the  use  of  fins 
produced  by  machining  or  casting-in.  On  aircraft- 
engine  cylinder  barrels  machined  fins  can  be  used  on 
account  of  the  reduced  weight. 

Types  of  Cylinder  Head 

In  general  the  work  on  which  this  paper  is  based  shows 
that  the  fiat  head  does  not  compare  favorably,  as  regards 
either  power  output  or  cooling  efficiency,  wTith  the  spher- 
ical or  roof  types.  The  reasons  for  this  are  plain  in  my 
opinion.  In  the  first  place,  the  flat  head  renders  it  diffi- 
cult to  maintain  the  required  air-spaces  between  the 
valve  ports  and  the  necessary  metal  sections  between  the 
valve-seats  without  reducing  the  valve  sizes  excessively. 
Large  air-spaces  between  the  inlet  and  exhaust-valve 
ports  are  desirable  with  three  or  four-valve  designs  em- 
ploying a  pair  of  exhaust-valves,  and  it  is  essential  to 
have  a  minimum  air-space  of  3/4  in.  between  the  adjacent 
exhaust-port  walls  in  such  types.  Further,  with  alumi- 
num heads,  it  is  necessary  to  maintain  approximately  % 
in.  as  a  minimum  section  of  aluminum  between  adjacent 
exhaust-valve  seat-inserts;  otherwise  overheating,  dis- 
tortion and  cracking  will  be  apt  to  occur.  It  is  not  wise 
to  reduce  this  section  much  between  pairs  of  inlet  seats 
or  between  adjacent  exhaust  and  inlet  seat-inserts.  An 
example  of  flat-head  cylinder  is  shown  in  Fig.  14,  which 
is  an  assembly  drawing  of  the  Type  I  engineering  division 
cylinder.  This  is  of  5%-in.  bore  by  6%-in.  stroke  and 
is  fitted  with  two  1%-in.  exhaust-valves  and  one  2-5/16- 
in.  inlet-valve.  The  Type  I  cylinder  is  undoubtedly  un- 
dervalved,  but  in  this  case  that  is  the  lesser  evil. 

As  an  example  of  the  possibilities  of  valving  four- 
valve  flat  and  roof-type  cylinder-heads,  the  D,  F  and  H 
types  are  of  interest.  All  are  of  5^-in.  bore  by  6x/2-in. 
stroke  and  are  fitted  with  four  valves  of  1%-in.  diameter 
in  the  port.  In  the  first  two  types  the  valves  are  neces- 
sarily crowded,  with  the  result  that  there  is  insufficient 
air-space  between  the  exhaust  ports  and  not  enough 
metal  between  the  valve-seat  inserts.  On  test  these  types 
of  cylinder  overheated,  gave  a  relatively  low  output  with 
a  high  fuel-consumption  and  trouble  with  cracking  of 
the  head  metal  between  the  valve-seat  inserts  was  expe- 
rienced. The  Type  H  cylinder  illustrated  in  Fig.  10 
allows  a  7s-in.  minimum  air-space  and  metal  section  be- 
tween the  exhaust-port  walls  and  the  adjacent  exhaust- 
valve  seat-inserts. 

With  a  flat  head  the  walls  of  adjacent  ports  do  not 
diverge  as  much  from  each  other  as  with  roof  or  spher- 
ical heads  and  thus  the  area  of  the  total  air-space  be- 
tween the  ports  is  less.    The  included  angle  between  the 


entrance  and  the  exit  of  the  ports  is  nearly  always  smaller 
with  flat  heads  than  with  roof  or  spherical  types.  With 
the  latter  it  is  nearly  always  possible  to  maintain  the 
included  angle  at  more  than  90  deg.,  which  is  of  con- 
siderable importance,  at  least  for  the  exhaust-ports,  as 
there  is  thus  less  gas  friction  and  therefore  less  heat 
given  to  the  port  walls.  With  an  exhaust-port  included 
angle  of  less  than  90  deg.  it  is  easier  to  avoid  choking 
the  port  while  maintaining  good  valve-stem  cooling  by 
a  heavy  valve-guide  boss  and,  further,  the  port  walls 
diverge  more  sharply  from  the  combustion-chamber  wall. 
Even  if  the  included  angle  of  the  port  be  90  deg.,  a 
greater  divergence  between  the  port  walls  and  the  cylin- 
der crown  is  obtained  with  the  spherical  or  roof  type 
heads,  which  is  of  importance  for  cooling,  as  the  air  is 
thus  more  uniformly  in  contact  with  the  metal  surround- 
ing the  valve-seat. 

For  efficient  cooling  it  is  desirable  that  the  fins  be,  as 
nearly  as  possible,  normal  to  the  surfaces  to  be  cooled. 
This  condition  is  anything  but  fulfilled  by  the  Type  I 
cylinder.  Consider  the  heat  given  to  the  head  at  the 
point  A'  in  Fig.  15.  This  heat  is  partially  dissipated  to 
the  cooling  air  at  X,  but  as  the  capacity  of  the  surface  is 
obviously  limited  in  this  respect,  the  remainder  of  the 
heat  must  be  conducted  by  the  head  metal  to  the  fins  on 
the  cylindrical  portion  of  the  combustion-chamber,  or  to 
the  ports  and  thence  up  the  port  walls  to  the  port  finning. 
The  conditions  of  heat-flow  from  any  point  of  the  com- 
bustion-chamber wall  to  the  fins  are  markedly  more  di- 
rect in  the  Types  H  and  J  cylinders  than  in  any  of  the 
flat-head  types  shown. 

The  discharge  of  an  inclined  valve  in  a  spherical  or 
roof  head  appears  to  be  much  less  disturbed  and  more 
likely  to  promote  and  maintain  turbulence  than  that  of 
a  similar  valve  in  a  flat  head.  The  flat  head  is  more 
liable  to  deflect  under  explosion  pressure  and,  in  practice, 
breathing  of  flat  heads  is  by  no  means  unknown.  The 
truly  hemispherical  head  is  the  ideal  form  as  regards 
minimum  stress  due  to  explosion  pressure. 

For  two-valve  designs  the  spherical  head  appears  to  be 
the  most  suitable.  For  four-valve  heads  the  spherical 
head  is  undoubtedly  the  most  efficient,  but,  except  for 
very  special  cases,  its  use  does  not  appear  to  be  justified, 
owing  to  the  manifest  difficulties  of  valve  operation  and 
also  to  the  fact  that  excellent  results  are  obtainable  from 
a  suitably  designed  roof  head.  When,  however,  very 
large  cylinders  are  required,  or  medium-size  designs, 
either  of  large  bore-stroke  ratio  or  to  run  at  such  high 
speeds  that  sufficient  valving  in  conjunction  with  good 
cooling  cannot  be  obtained  with  a  roof  head,  there  is  lit- 
tle question  that  the  spherical  head  is  the  most  suitable 
design.  An  excellent  example  of  four-valve  spherical- 
head  design  is  seen  in  the  R.A.E.  19T  cylinder,  Fig.  11. 

Experience  to  date  indicates  that  for  aircraft-engine 
cylinders  of  up  to  about  170  cu.  in.  capacity  and  with 
bore-stroke  ratios  not  exceeding  1.25  to  1,  designed  for 
normal  speeds  of  up  to  1800  r.p.m.,  the  roof  head  will 
produce  the  best  all-around  results.  The  design  of  an  effi- 
cient roof-head  cylinder  is  a  tricky  proceeding,  slight 
faults  in  detail  being  liable  to  result  in  poor  cooling. 

Cooling  Surface 

The  cooling  surface  obtainable  with  the  type  of  cir- 
cumferential-fin cylinder  mainly  dealt  with  in  this  paper 
will  vary  between  0.20  and  0.35  sq.  ft.  per  b.  hp.,  the  for- 
mer figure  being  obtainable  on  a  cylinder  of  approxi- 
mately 170  cu.  in.  capacity  and  the  latter  with  a  design 
of  approximately  70  cu.  in.  Considering  fins  of  constant 
length  and  pitch  and  a  given  type  of  cylinder  design,  it 
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TABLt:    5-  IF    DIFFERENT    COMPRESSION  R 

rHE  PERFORMANCE  01     IN  R.    \    i      LD    URvOOOLED  I 

Brake   Mian    Effec- 
tive  P  .lb. 
■   si),  in. 
i  Consumption, 
lb.  per  b.  hp-hr. 
M«  .hi  Temperature 
I  ylin- 
der,  deg.  fahr. 
Mean  Temperature 
of  Bottom  of  Cyl- 
inder, deg.  fahr. 


:..0  129.0  128.0 
0.530  0 

338      315      309      872      414 

-••J-i      203      192      is:.      231      275 


•Occasional  detonation  occurred  with  " 

*Hi  iik   with   this   I 

is  obvious  that  the  output  will  increase  as  the  cube  oJ  the 
scale,  assuming  constant  brake  mean  effective  pressure 
and  speed,  whereas  the  cooling  surface  will  increase  only 
as  the  square.  The  term  cooling-surface  includes  the  fin, 
barrel,  port  and  head  areas.  As  the  average  heat-dissipa- 
tion is  approximately  -■">  B.t.u.  per  b.  hp.  per  min.,  the 
mean  heat-dissipation  will  vary  from  approximately  70 
to  126  B.t.u.  per  sq.  ft.  per  min. 

Owing  to  the  reduction  in  cooling  surface  per  brake 
horsepower  with  an  increase  of  size,  it  is  to  be  expected 
that  the  cylinder-wall  temperatures  will  increase  and  that 
higher  blast-velocities  will  be  required.  In  practice  it  is 
found  that  the  greater  the  cylinder  size,  the  higher  the 
.permissible  maximum  and  mean  wall-temperature,  this 
being  probably  due  to  the  reduction  in  the  surface- 
volume  ratio  of  the  combustion-chamber  in  the  larger 
sizes.  The  minimum  blast-velocity  to  produce  the  best 
results  varies  markedly  with  size,  a  70-cu.  in.  cylinder 
requiring  approximately  60  m.p.h.  and  a  170-cu.  in.  cyl- 
inder about  90  m.p.h. 

Areas  of  0.20  to  0.35  sq.  ft.  per  b.  hp.  only  suffice  for 
efficient  operation  of  overhead-valve  designs.  L  and  T- 
head  types  require  in  general  an  increase  of  the  cooling 
surface,  the  cooling  air-supply  and  internal  cooling  by 
fuel  evaporation,  resulting  from  the  use  of  a  rich  mixture. 

Effect  of  Compression-Ratio  on  Output,  Fuel-Con- 
sumption and  Wall-Temperature 
The  effect  of  compression  on  the  performance  of  an  air- 
cooled  cylinder  is  considerable.  Results  of  tests  on  an 
R.A.E.  41)  cylinder  of  100-mm.  (3.94-in.)  bore  and  140- 
mm.  (5.51-in.)  stroke,  illustrated  in  Fig.  16,  with  com- 
pression-ratios varying  from  4.0  to  6.4  to  1,  are  presented 
in  Table  5.  It  will  be  noticed  that  the  5.8  to  1  ratio  pro- 
duced the  minimum  fuel-consumption  and  wall-tempera- 
ture and  97  per  cent  of  maximum  power.  An  increase  in 
the  ratio  to  6.2  to  1  produced  the  maximum  output  with 
a  slight  increase  in  the  fuel-consumption  and  a  marked 
increase  of  wall  temperature.     These  tests  were  carried 


tahij-;  6 — properties  of  varioi  a  i  ■  i  inder  materials 

Conductivity 

Ratio  of 

Average  Value, 

Specific 

Conductivity  to 

Material        C.  G.  S.  Units 

Gravity 

Specific  Gravity 

Aluminum  Alloy  0.40" 

2.77 

ii. 1  1  in 

Forged  Steel         0.11  < 

7.80 

0.0141 

on             0.11'' 

7.10 

0.0156 

per                   0.89<« 

8.90 

0.1000 

Bronze   (90  per 

cent      Copper 

and     10     per 

cent  Tin)           0.60« 

8.78 

0.0680 

Exhaust. 


■- 


'See  report  on  the  Materials  of  Construction   Used    in   Aire! 
and  Aircraft  Engines,  by  LleuL-Col.  C.  F.  Jenkin.  publish 
Majesty's  Stationer}-  Office.  London. 

*8ee  Smithsonian  Physical  Tables. 

•See  Ohio  State  University  Engineering  Experiment  Station  Bul- 
letin No.   20. 


Fio.    16 — Exterior    View    and   Sectional   Elevation   op   the    4D 
CrLiNDSi  .'.  Aircraft  Establishment 

out  with  straight  aviation  gasoline.  The  effect  of  cylin- 
der design  upon  the  possible  usable  compression-ratio  is 
very  marked,  and  it  was  the  cumulative  effect  of  small 
detail  improvements  in  the  head,  barrel  and  exhaust- 
valve  cooling,  resulting  from  the  British  investigations 
of  air-cooling,  that  allowed  a  progressive  increase  in  the 
possible  compression-ratio  and  an  increase  of  specific  out- 
put. It  can  be  seen  from  Table  5  that  relatively  high 
compression  is  of  considerable  advantage  for  air-cooling. 
It  is  not  likely  that  any  further  considerable  increase  of 
the  possible  compression-ratio  with  present  aircraft  fuel 
can  be  secured  by  any  improvement  in  the  design.  It  is 
probable,  however,  that  the  use  of  fuel  dopes  will  render 
possible  a  further  considerable  increase.  This  has  been 
investigated  on  small  air-cooled  aircraft-engine  cylinders 
and  medium-size  water-cooled  aircraft  engines;  the  re- 
sults have  shown  a  considerable  increase  in  the  brake 
mean  effective  pressure.  Should  the  proportionate  in- 
crease of  performance  prove  as  large  with  160-cu.  in. 
air-cooled  cylinders  as  has  been  found  with  the  70-cu.  in. 
types,  some  rather  remarkable  performances  are  likely 
to  be  produced  in  the  near  future. 

Cylinder  Materials 

Some  of  the  materials  that  have  been  used  for  air- 
cooled  cylinder  construction  are  shown  with  their  respec- 
tive specific  gravities  and  conductivities  in  Table  6. 

On  the  basis  of  the  conductivity-specific  gravity  ratio, 
aluminum  appears  to  be  the  most  logical  material  for 
aircraft-engine  cylinder  construction,  as  the  weight  of 
materia]  necessary  to  handle  the  heat-flow  becomes  out  of 
the  question  for  aircraft  purposes  with  other  materials. 
The  development  of  other  light  alloys,  such  as  the  mag- 
im  group,  may  eliminate  aluminum  in  the  future,  but 
at  present  it  is  the  most  important  cylinder  material. 

Leaving  weight  out  of  consideration,  conductivity  is 
not  the  only  guide  as  to  the  thermal  suitability  of  a  ma- 
terial for  air-cooled  cylinder  construction.  Some  tests 
confirming  this  view  were  carried  out  by  Dr.  A.  H.  Gib- 
son on  a  R.A.E.  4D  cylinder.  This  cylinder,  which  is 
illustrated  in  Fig.  16,  was  designed  with  a  cast  aluminum 
head  and  jacket  and  fitted  with  a  shrunk-in  steel  liner. 
Castings  of  the  head  and  jacket  were  made  from  the 
same  pattern,  in  aluminum,  cast  iron,  and  bronze,  all 
being  fitted  with  similar  steel  liners.  The  aluminum  cyl- 
inder produced  the  best  results,   the  cast-iron  cylinder 
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developed  an  equal  mean  effective  pressure  with  little  or 
no  increase  in  the  cylinder  temperature  on  a  10-per  cent 
higher  specific  fuel-consumption  and  the  bronze  cylinder 
proved  inferior  to  both  the  cast-iron  and  the  aluminum, 
developing  excessive  temperatures.  Standard  heat-dissi- 
pation tests  in  a  wind-tunnel  on  the  bronze  cylinder 
showed  that  the  surface  heat-dissipation  from  the  bronze 
to  the  cooling  air  was  much  inferior  to  that  of  either 
aluminum  or  cast  iron. 

Bronze  cylinders  have  been  tried  by  several  firms.  Al- 
though no  definite  results  are  known,  it  is  significant  that 
the  experiments  have  not  been  continued.  The  inferior 
surface  heat-dissipation  of  bronze  in  comparison  with 
steel  has  been  experienced  by  several  spark-plug  manu- 
facturers in  the  course  of  their  experiments  with  bronze 
plug-bodies. 

Investigation3  has  shown  that  a  steel  surface  gives  5  to 
10  per  cent  greater  heat-dissipation  than  either  alumi- 
num or  copper.  The  dissipation  of  aluminum,  however, 
is  improved  about  10  per  cent  by  coating  with  a  glossy 
black  enamel,  the  percentage  of  improvement  varying 
with  the  nature  of  the  enamel  and  the  blast  velocity.  The 
effect  of  surface  dissipation  is  of  considerable  importance 
and  further  investigation  of  the  subject  is  to  be  made 
by.  the  Bureau  of  Standards  and  the  engineering  division. 

The  principal  alloy  that  has  been  used  by  the  British 
for  air-cooled  cylinder  construction  is  the  Air  Ministry 
2-L-ll  alloy,  containing  7  per  cent  of  copper,  1  per  cent 
of  tin  and  92  per  cent  of  aluminum.  This  was  developed 
after  failure  had  attended  efforts  to  use  the  aluminum- 
zinc  group,  employed  so  largely  on  the  Continent  for 
crankcases  and  similar  parts.  This  alloy  is  both  weak 
and  soft  when  hot,  but  its  bad  qualities  are,  nevertheless, 
fairly  well  understood  as  a  result  of  considerable  expe- 
rience. It  sand-casts  relatively  well;  the  tin-content, 
which  reduces  the  strength  and  hardness,  also  seems  to 
reduce  shrinkage  and  pin-holing. 

An  alloy,  known  as  the  Y-alloy,  developed  by  Dr.  Wal- 
ter Rosenhain  at  the  National  Physical  Laboratory,  con- 
tains 4  per  cent  of  copper,  2  per  cent  of  nickel  and  1% 
per  cent  of  magnesium.'  This  maintains  its  strength 
and  hardness  at  high  temperature  much  better  than  the 
2-L-ll  alloy  and  has  been  used  to  a  limited  extent  for 
cylinder  castings.  It  appears  to  have  great  possibilities 
for  air-cooled  cylinder  construction,  principally  on  ac- 
count of  its  hot  strength  and  hardness,  but  much  will 
depend  on  its  ease  of  casting,  of  which  I  have  no  knowl- 
edge. For  air-cooled  seaplane  engines  it  is  possible  that 
this  alloy  may  prove  distinctly  advantageous,  owing  to 
its  remarkable  resistance  to  corrosion  by  sea  water. 

The  silicon-copper-aluminum  alloys  appear  to  be  one  of 
the  most  promising  groups  yet  tried  for  cylinder  con- 
struction and  at  present  the  only  unknown  factor  con- 
cerning the  group  is  its  conductivity.  It  seems  that  this 
group,  which  at  present  is  under  development  by  the  en- 
gineering division  and  others,  will  mark  a  distinct  for- 
ward step  in  alloys  for  air-cooled  cylinders.  Its  freedom 
from  cracking,  porosity  and  shrinkage  appear  to  go  far 
toward  eliminating  the  troubles  of  the  commercial  pro- 
duction of  aluminum  air-cooled  cylinder  castings.  An 
important  advantage  of  this  alloy  is  that  chills,  which  in 
production  with  jolt-ram  molding  machines  by  unskilled 
labor  are  exceedingly  objectionable,  can  be  entirely  elim- 
inated. 


Some  particulars  of  the  casting  of  silicon  alloys  for 
air-cooled  cylinders  have  already  been  published,'  and  it 
is  hoped  that  the  results  of  the  further  investigations  of 
the  materials  section  of  the  engineering  division  will  be 
published  in  the  near  future.  The  silicon-copper  alloy, 
containing  4  per  cent  of  silicon  and  3  per  cent  of  copper, 
possesses  considerable  ductility,  which  is  of  some  prac- 
tical importance  as  bent  fins  and  the  like  made  of  it  can 
be  straightened  without  danger.  Most  of  the  silicon- 
alloy  cylinders  produced  by  the  engineering  division  have 
been  cast  in  this  alloy  and  have  proved  somewhat  difficult 
to  machine.  Threading  has  given  most  trouble  in  this  re- 
spect, owing  to  the  tearing  of  the  metal  and  the  wear  of 
the  tools.  The  machining  properties  are,  however,  likely 
to  be  much  improved  by  the  investigations  now  being  con- 
ducted. The  silicon-copper  alloy  presents  an  excellent 
example  of  the  danger  of  judging  alloys  for  cylinder  con- 
struction by  test-bar  results  alone.  From  the  test-bar 
results  little  consideration  of  the  silicon-copper  alloys  and 
less  of  the  2-L-ll  alloy  would  be  justified,  though  both 
have  proved  excellent.  Test-bar  results  entirely  fail  to 
show  casting  properties,  an  aspect  of  marked  importance 
for  air-cooled  cylinder  production. 

Alloys  containing  copper  and  manganese  which  have  a 
constant  or  an  increasing  strength  up  to  500  deg.  fahr., 
have  been  tried  for  air-cooled  cylinder  castings.  Owing 
principally  to  casting  difficulties  they  have  been  dropped 
in  favor  of  more  promising  groups.  The  conductivity  of 
alloys  containing  manganese  is  fully  developed  only  after 
annealing.  In  some  cases  the  increase  of  conductivity 
due  to  annealing  amounts  to  as  much  as  40  per  cent.  Most 
alloys  show  a  somewhat  improved  conductivity  after  an- 
nealing. Apart  from  this  effect,  annealing  is  very  neces- 
sary to  remove  growth  and  casting  strains.  If  cylin- 
der-heads are  not  annealed,  growth  and  distortion  de- 
velop rapidly  in  the  course  of  engine  operation.  With  an 
unannealed  screwed-on  head  the  effect  of  growth  is  most 
serious;  such  a  head  will  become  loose  on  the  cylinder 
barrel  in  10  to  20  hr.  running.  Growth  due  to  lack  of 
annealing  further  results  in  valve-seat  inserts,  valve 
guides  and  cylinder  studs  becoming  loose  in  the  casting. 

The  physical  properties  of  some  aluminum  alloys  used 
for  cylinder  castings  are  shown  in  Table  7. 


TABLE    7 — PHYSICAL    PROPERTIES     OF 

ALUMINUM 

ALLOYS 

EMPLOYED   FOR   SAND-CAST   CYLINDERS 

Copper 

Allov                                        2-L-ll  f 

Y» 

Silicon* 

CuT', 

Cu4% 

Si  4% 

Composition 

Ni2% 

Snl% 

Mgl%% 

Cu3% 

Tensile-Strength,  lb.  per  sq.  in. 

60  Deg.  Fahr.                   14,800 

24,400 

21,400 

300  Deg.  Fahr.                    12,300 

23,800 

19,400 

600  Deg.  Fahr.                      8,300 

23,000 

11,800 

Brinell  Hardness  Number 

60  Deg.  Fahr.                          55 

71 

50 

300  Deg.  Fahr.                          54 

68 

600  Deg.  Fahr.                          25 

46 

*  See  Proceedings  of  the  Institution  of  Automobile  Engineers, 
vol.  14.  p.  243. 

4  See  the  11th  Report  of  the  Alloys  Research  Committee  of  the 
Institution  of  Mechanical  Engineers. 

•See  Automotive  Industries,  Sept.  8.  1921,  p.  474. 


'  See  report  on  the  Materials  of  Construction  Used  in  Aircraft 
and  Aircraft  Engines,  by  Lieut. -Col.  C.  F.  Jenkin.  published  by  His 
Majesty's  Stationery  Office.  London. 

"See  the  11th  Report  of  the  Alloys  Research  Committee  of  the 
Institution  of  Mechanical  Engineers. 

*  Prom  tests  made  by  the  materials  section  of  the  engineering 
division  of  the  Air  Service. 


For  cast-aluminum  cylinders  a  fin  having  a  length  of 
from  1  to  1%  in.,  a  thickness  at  the  root  of  %  in.,  a 
thickness  at  the  tip  of  1/16  in.  and  a  %-in.  pitch,  is 
fairly  readily  cast  and  is  reasonably  strong  for  handling. 
Fins  of  a  somewhat  decreased  thickness  and  pitch  can 
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TABLE   S — TYPICAL   ANALYSIS  OF  BRITISH    AIR-COOLED   A1K- 
CRAJ  I   CYLINDER  IRON 


M 

immum 

M 

aximum 

Combined  Carbon,  per 

cent 

0.60 

0.80 

Total  Carbon,  per  cent 

2.70 

3.50 

Silicon,  per  cent 

1.20 

2.00 

Sulphur,  per  cent 

0.12 

Phosphorus,  per  cent 

II. -Ml 

Manganese,  per  cent 

oio 

1.20 

be  cast,  but  are  likely  to  lead  to  foundry  difficulties  and 
are  easily  damaged. 

The  photographs  of  the  Types  H,  I  and  J  heads,  repro- 
duced in  Fig.  17,  from  left  to  right  in  the  order  named, 
show  some  excellent  castings.  It  may  be  mentioned  that 
fins  were  sand-blasted  after  little  or  no  dressing. 

Cast  iron  at  present  is  somewhat  despised  as  a  cylin- 
der material.  Nevertheless,  it  can  be  seen  from  the 
B.S.A.  and  R.A.E.  4D  cylinders  mentioned  earlier  in  the 
paper  that  efficient  results  are  obtainable  with  this  ma- 
terial. I  believe  that  for  commercial  purposes,  excepting 
aircraft  engines,  the  use  of  any  other  material  than  cast 
iron  for  cylinder  construction  is  not  justified  by  the  in- 
creased efficiency  obtained.  The  use  of  any  more  expen- 
sive material  than  cast  iron  also  involves  more  compli- 
cated and  expensive  construction.  In  the  light  of  present 
experience  that  statement  appears  to  hold  good  up  to  an 
output  of  12  hp.  per  cylinder  at  about  2500  r.p.m. 

A  comparison  of  the  weight  of  the  cylinder-body 
proper,  excluding  the  valves  and  the  valve-gear,  obtain- 
able with  heavy  cast-iron  construction  and  by  the  use 
of  advanced  aircraft-engine  design,  with  the  weight  re- 
duced to  a  minimum,  may  be  of  interest.  A  cast-iron 
cylinder  of  massive  proportions,  with  little  liability  to 
breakage  that  will  give  excellent  cooling,  will  weigh  2  lb. 
per  hp.  for  a  high-speed  engine  using  European  fuel,  and 
.probably  3  lb.  per  hp.  for  a  medium-speed  engine  using 
domestic  fuel.  The  most  efficient  aircraft  practice  does 
not  result  in  cylinder-body  weights  of  much  less  than  0.4 
lb.  per  hp.  when  operating  at  a  lower  speed,  but  using 
compression-ratios  that  are  impossible  for  car  practice 
and  fuels  that  are  not  at  present  available  for  commercial 
work.  This  class  of  construction  calls  for  expensive  ma- 
chining hardly  desirable  or  necessary  for  a  car  engine. 
Further,  aircraft  design  in  the  small  bores  required  for 

TABLE  9— ANALYSIS  OF  A 


Graphitic  Carbon,  per  cent 
Combined  Carbon,  per  cent 
Silicon,  per  cent 
Sulphur,  per  cent 
Phosphorus,  per  cent 
Manganese,  per  cent 
Conductivity  at  212  deg.  fahr.,  in 
C.  G.  S.  units 


CYLINDER   IRON 

As  Cast 

Annealed 

2.640 

3.340 

0.850 

0.150 

1.840 

1.940 

0.078 

1.090 

1.090 

1.090 

0.820 

0.850 

car  work  becomes  somewhat  fragile  and  easily  liable  to 
damage  in  handling.  In  any  case  the  resultant  saving  in 
weight  when  using  aircraft  construction  for  a  50-b.  hp. 
engine  would  be  only  130  lb.  and  this  could  be  removed 
to  better  commercial  advantage  from  some  other  portion 
of  the  engine  or  chassis. 

Semi-steel  is  practically  never  used  for  cylinder  cast- 
ings in  Great  Britain.  A  typical  analysis  of  British  air- 
cooled  aircraft-cylinder  iron  is  shown  in  Table  8. 

An  interesting  sidelight  on  cast  iron  as  a  cylinder  ma- 
terial is  seen  in  Table  9  which  is  taken  from  a  British 
report  on  the  materials  of  construction  used  in  aircraft 
and  aircraft  engines.  The  20-per  cent  increase  in  the 
conductivity  after  annealing  possibly  explains  why  cast- 
iron  cylinders  of  very  light  section  rarely  perform  as  well 
when  new  as  after  considerable  service.     It  is  the  prac- 


0.102 


0.121 


Fig    is — An  All-Steel  5H  x  6V-..-IN.   Air-Cooled  Engine  Ctlindkr 
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tice  of  several  Continental  motorcycle  companies  to  run-in 
engines  on  the  test-block  for  protracted  periods  without 
a  cooling  blast.  Many  racing  motorcyclists  subject  their 
engines  to  a  continual  violent  overheating  before  attempt- 
ing to  use  them  for  racing.  The  improvement  due  to 
preliminary  overheating  generally  has  been  attributed  to 
the  release  of  the  casting  strains  and  to  seasoning.  It  is, 
however,  more  likely  that  the  increase  in  the  conductiv- 
ity has  the  greatest  influence  on  the  improvement  in 
performance. 

Cast-iron  cylinders  often  have  poorly  proportioned  fins. 
Excessively  long  and  very  thin  fins  of  the  extreme  pro- 
portions the  foundries  can  produce  are  commonly  used. 
In  general  fins  longer  than  1  in.  are  not  good.  The  low 
conductivity  of  cast  iron  prevents  the  tip  of  a  long  thin 
fin  from  being  of  much  practical  use.  Long  thin  fins  are 
exceedingly  fragile  and  very  liable  to  damage  in  handling, 
in  addition  to  being  difficult  to  cast.  In  many  Continental 
motorcycle  factories  the  scrap  resulting  from  the  han- 
dling of  cylinders  with  long  thin  fins  is  large.  An  all- 
around  efficient  fin  for  cast-iron  cylinders  as  regards 
strength,  ease  of  foundry  production  and  cooling  should 
have  a  length  of  1  in.,  a  pitch  of  %  in.,  a  root  thickness 
of  9/64  in.  and  a  thickness  at  the  tip  of  5/64  in.  A  fin 
of  these  proportions  will  stand  very  rough  usage  without 
breakage. 

Copper  has  been  used  extensively  for  air-cooled  cylin- 
ders and  was  employed  on  some  of  the  earliest  air-cooled 
cars.  The  high  conductivity  is  of  considerable  advan- 
tage, but  there  are  many  practical  objections  to  its  use. 
One  of  these  is  that  it  is  exceedingly  difficult  to  fin-  a  cyl- 
inder-head efficiently  with  sheet-copper  fins.  To  attach 
the  latter  to  a  spherical  head  such  as  the  Type  J  cylin- 
der is  almost  out  of  the  question  and  in  any  ease  entails 
the  use  of  a  heavy  iron  casting  for  the  body  of  the  head. 
Some  copper  air-cooled  aircraft-engine  cylinders  were 
produced  in  Great  Britain  during  the  war.  These  had  a 
closed-end  steel  barrel  fitted  with  sheet-copper  circum- 
ferential fins,  head  cooling  being  attempted  by  a  finned 
cast-aluminum  cap.  The  performance  compared  unfa- 
vorably with  that  of  the  composite  aluminum  and  steel 
type  with  cast-on  or  screwed-on  heads.  The  economical 
use  on  a  weight  basis  of  copper  as  a  fin  material  re- 
quires the  use  of  thin  sheet,  and  such  fins  are  readily  bent 
and  damaged.  The  copper-finned  cylinders  previously  re- 
ferred to  presented  an  extremely  ragged  appearance  after 
a  short  period  in  service,  as  handling  was  sufficient  to 
bend  the  fins. 

Cast  copper  can  be  used  as  a  head  material,  but  it  is 
exceedingly  difficult  to  cast,  as  is  evident  from  the 
troubles  with  pure  copper  castings  in  the  electrical  in- 
dustries. Cast-copper  heads  are  moreover  unsuitable  for 
aircraft  purposes  owing  to  their  excessive  weight. 

Sheet-copper  finning  can  be  used  for  barrel  cooling  of 
a  cylinder  of  the  type  shown  in  Fig.  18,  no  attempt  being 
made  to  fin  or  cool  directly  the  crown  of  the  head.  Such 
design  has,  however,  proved  unsound. 

Steel  has  been  used  to  some  extent  for  stationary- 
engine  cylinders  and  is  practically  universal  for  rotary- 
engine  cylinders.  Usually  steel  cylinders  are  machined 
from  solid  billets  or  drawn  shells.  Practical  machining 
difficulties  interfere  with  the  production  of  any  efficiently 
finned  form  of  cylinder-head,  except  as  regards  mono- 
soupape  types.  The  two-valve  rotary-engine  cylinder, 
with  all  its  complicated  machining  on  the  head  fins,  gives 
poor  results  when  operated  as  a  stationary  cylinder. 

The  general  design  of  steel  cylinder  has  had  circum- 
ferential fins  on  the  barrel,  a  thick  integral  flat  head  en- 
tirely without  finning,  with  the  inlet  and  exhaust-ports 


bolted  on.  A  typical  type  of  this  design  is  shown  in  Fig. 
18.  Cylinders  of  this  type  have  shown  a  relatively  low 
mean  effective  pressure  and  a  high  fuel-consumption,  in 
conjunction  with  excessive  wall-temperatures. 

For  the  composite  aluminum  and  steel  aircraft  cylin- 
der, the  integral-fin  open-ended  steel  barrel  gives  excel- 
lent results.  The  high  strength  allows  of  thin  wall-sec- 
tions and  thin  fins  that  are  capable  of  dealing  with  the 
relatively  mild  thermal  conditions  existing  on  the  barrel. 

No  consideration  of  bronze  as  a  material  for  cylinder- 
heads  or  complete  cylinders  is  warranted;  it  has  been 
mentioned  elsewhere  that  unsatisfactory  results  are  ob- 
tained in  spite  of  the  high  conductivity  of  the  material. 
Bronze  shrunk-in  liners  have  been  tried  with  aluminum 
cylinders  and  given  better  results  thermally  than  steel, 
but  rapid  wear  of  the  bore  developed. 

It  is  the  practice  of  the  engineering  division  to  use  an 
extruded  aluminum-bronze,  containing  90  per  cent  of 
copper  and  10  per  cent  of  aluminum,  for  expanded  or. 
shrunk-in  valve-seat  inserts  and  spark-plug  bushings  in 
aluminum  cylinder-heads.  For  these  purposes  this  ma- 
terial has  given  excellent  results.  It  has  a  relatively  high 
coefficient  of  thermal  expansion,  from  75  to  90  per  cent 
of  that  of  an  aluminum  alloy  and  the  strength  and  the 
hardness  are  not  seriously  reduced  at  operating  tempera- 
tures. Aluminum-bronze  rapidly  hammer-hardens  on  the 
face  of  a  valve-seat  insert,  producing  a  mirror-like  hard 
surface  that  is  extremely  resistant  to  abrasion  and 
erosion. 

Extruded  aluminum-bronze  is  used  also  for  studs  in 
aluminum  heads  and  largely  eliminates  the  trouble  of  the. 
studs  unscrewing  when  hot,  so  frequently  experienced 
with  those  made  of  steel.  The  burning-on  of  nuts  to  the 
studs  is  also  eliminated.  Aluminum-bronze  can  be  used 
safely  to  replace  steel  studs  carrying  impact  loads,  as  it 
has  a  remarkable  resistance  to  alternating  and  impact 
stresses. 

In  general,  it  appears  that  the  conductivity  of  the 
cylinder-wall  is  of  more  importance  than  the  conductivity 
of  the  fin  itself.  Cast  fins,  for  production  reasons  at  any 
rate,  usually  have  to  be  made  considerably  thicker  than 
is  necessary  purely  from  heat-flow  considerations.  In 
practice  it  has  been  found  that  increasing  the  wall  thick- 
ness improves  the  performance.  Xo  case  has  yet  been 
found  with  the  type  of  cylinder  investigated  where  the 
walls  have  proved  too  thick.  An  increase  in  the  con- 
ductivity of  the  metal  of  the  wall  is  equivalent  to  an 
increased  thickness  in  a  metal  of  lesser  conductivity. 

To  avoid  distortion  it  is  desirable  to  aim  as  far  as 
possible  at  a  symmetrical  design  laid  out  so  that  tem- 
perature or  casting  stresses  will  be  minimum.  The 
cylinder  material,  whatever  it  may  be,  should  be  in  such 
condition  and  of  such  type  that  a  minimum  of  distortion 
will  develop  in  service.  The  theory  that  distortion  is 
synonymous  with  overheating  was  accepted  at  one  time 
by  many  in  Europe.  It  is,  however,  far  from  being  true. 
For  instance,  the  Airco  cylinder  overheated  when  tested 
with  an  inlet-side  blast,  as  is  brought  out  in  Table  3,  but 
it  did  not  distort;  the  R.A.E.  4A  cylinder,  although  kept 
cool  by  an  excessive  fuel-supply,  was  always  more  or  less 
distorted. 

Types  of  Cylinder 

Xeither  the  L  nor  the  T-head  cylinder  is  worthy  of 
much  notice  at  this  date.  In  my  opinion  a  good  side- 
valve  cylinder,  for  either  aircraft  or  automobile  use,  is 
decidedly  superior  to  a  crude  overhead-valve  design.  In 
spite  of  years  of  effort  the  number  of  really  efficient  air- 
cooled  side-valve  cylinder  designs  in  existence  is  prob- 
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ably  under  a  dozen.    Such  efficient  designs  as  exis 

the  result  of  protracted  experiment;  an  overhead-valve 

j  n  t"  produce  equal  or  superior  results  can  It 
duced  readily  with  practically  no  development. 

The  side-valve  cylinder  has  marked  disadvantages  in 
comparison  with  the  overhead  type.  Combustion-cham- 
ber areas  are  relatively  greater,  equally  efficient  finning 

■  it  he  obtained,  the  temperature  distribution  i 
force  much  more  uneven  and  distortion   i-  much 
likely    to   occur.      Distortion    is    exceedingly    difficult   to 
avoid    m    side-valve    cylinders.      The    inlet    anil    exhaust 
mlly  distort  the  barrel,  with  the  result  that  pis- 
ton contact   is  poor  and  the  ring  tit   uneven.     The  valve 
t   •    rarely   remain  true  when  hot,  with  the  result   that 
gnnding-in  the  valves  with  the  cylinder  hot  is  resorted 
\\  times. 

The  side-valve  design  of  necessity  departs  from  the 
symmetry  so  desirable  tor  an  air-cooled  cylinder.  For 
equal  class  .if  design  and  development,  the  mean  effective 

-ure  of  a  side-valve  cylinder  is  usually  20  per  cent 
less  than  that  obtainable  from  an  overhead  \  alve  type, 
with  continuous  full-throttle  operation..  A  comparison  of 
cylinders  of  equal  size  which  is  contained  in  the  Internal- 
Combustion  Engine  Subcommittee  of  the  British  Advis- 
ory Committee  for  Aeronautics  Report  No.  24  gives,  in 
my  opinion,  an  average  figure  for  the  relative  efficiencies 
of  overhead  and  side-valve  types. 

The  R.A.E.  LA  cylinder,  a  thin  cast-iron  L-head  type, 
illustrated  in  Fig.  12.  of  100-mm.  (3.94-in.)  bore  and 
140-mm.  (5.51-in.)  stroke,  with  an  overhead  exhaust- 
valve  directly  over  an  inlet-valve  fitted  in  a  detachable 
cage,  developed  85-lb.  per  sq.  in.  brake  mean  effective 
pressure  at  1800  r.p.m.  with  a  fuel-consumption  of  0.G7 
lb.  per  b.  hp-hr.  The  R.A.E.  4C  cylinder  had  a  similar 
valve  arrangement  to  that  of  the  R.A.E.    LA,  but  had  a 

aluminum  head  and  jacket,  the  head  and  the  ja 
only  being  shown  in  Fig.  13,  with  a  shrunk-in  steel  liner. 
This  design  developed  85-lb.  per  sq.  in.  brake  mean  effec- 
tive pressure  at  1800  r.p.m.,  with  a  fuel-consumption  of 
0  57  lb.  per  b.  hp-hr.,  a  reduction  in  consumption  of  15 
per  cent  in  comparison  with  the  R.A.E.  -1A  cylinder.  The 
K.A.K.  4D  cylinder,  illustrated  at  the  left  of  Fig.  16. 
had  a  cast-aluminum  head  and  jacket  and  a  shrunk-in 
steel  liner  and  was  fitted  with  two  inclined  overhead- 
valves.  At  an  early  stage  of  its  development  this  design 
gave  116-Tb.  per  sq.  in.  brake  mean  effective  pre 
1800  r.p.m.,  on  a  fuel  consumption  of  0.475  lb.  per  b.  hp- 
hr.,  with  a  4.7  compression-ratio.  At  a  later  stage  with 
a  5.5  compression-ratio  over  130-lb.  per  sq.  in.  brake  mean 
effective  pressure  was  obtained.    In  com  with  the 

R.A.E.  AC  the  R.A.E.  1I>  developed  a  35-per  cent  higher 
brake  mean  effective  pressure  on  a  17-per  cent  lower 
fuel-consumption. 

me  of  the  pros  and  cons  of  the  various  types  of 
overhead-valve  composite  aluminum  and  steel  aircraft- 
engine  cylinder  construction  are  considered  below.  The 
head  cast  on  an  integral-fin  steel  barrel  possesses  the 
advantages  that 

( 1  i    No  machine-shop  operations  are  required  to  fit  the 
head  to  the  barrel 
It  produces  probably  the  lightest  possible  design 

..  19  shows  a  cast-on  head  that  failed  in  service; 
although  the  cylinder  illustrated  is  of  poor  design,  even 
the  most  highly  developed  types  have  not  been  immune 
from  this  trouble.  The  disadvantages  of  this  tvpe  are 
that 

(1)   Very  hinh  casting  stresses  are  set  up  in  the  hi 
which  are  liable  to  cause   failure  in   service  and 
cannot   safely  be  removed   by  annealing,   as   this 


Fio.   19 — A   5%xC-In.   Aluminum   Cylinder 

i     ii    i-  a   Si. it-  View  of   the  Cylinder  ami  Shows 
the  Fracture  That  Occurred  When   the  Cast-On   Head  Was  Blown 

(UY.    The  Illustration  al  the  Right   Is  a  View   I king  Directlv  at  the 

Bottom   of  the   Blown   Oft  Cylinder-Head 

would   largely  remove   the   shrink  of  the  head  on 
the  barrel 

(2)  The  alloy  in  the  head  casting  is  in  a  state  of  in- 

ibility  owing  to  the  lack  of  annealing 

(3)  It  is  next  to  impossible  to  inspect  the  condition 
of  the  contact  of  the  head  with  the  barrel 

(I)  Foundry  difficulties  are  numerous;  although  in 
times  of  peace  they  can  be  overcome,  the  great 
care  and  supervision  required  are  unsuitable  for 
the  stress  of  war  time.  The  finished  casting  rep- 
resents but  a  very  small  percentage  of  the  weight 
of  the  metal  melted  to  produce  it 

(5)  Barrel  production  has  to  start  before  that  of  the 
heads  and  the  complete  cylindei  - 

(6)  Removal  of  an  unsound  head  casting  from  a  barrel 
may  scrap  the  latter 

(7)  Damaged  heads  or  barrels  cannot  be  removed  from 
one  another  in  the  field  and  new  parts  fitted  to  the 
sound  portion 

(8)  The  finned  steel  barrel  is  somewhat  expensive  to 
produce  and  wastes  a  lot  of  material 

(9)  Fitting  of  expanded  or  shrunk-in  valve-seats  is 
a  poor  production  job  with  tilted  valves 

(10)    If  a  roof -tvpe  head  be  adopted,  machining  is  dif- 
ficult 

The  advantages  of  the  bolted-on  head  are        • 
i  !  i    ISase  of  production  and  assembly 
(2)    Ease  of  replacement  of  damaged  parts 

This  type  of  head  possesses  the  disadvantages  of 

(1)  Difficulty  of  maintaining  pressure  tightness  at  the 
joint  between  the  head  and  the  barrel;  if  any  flame 

through,  the  head  is  burned  out 

(2)  Axial  heat-flow  from  the  head  to  the  barrel  is  prac- 
tically  non-existent.     The  cooling  efficiency   is  re- 

a  result  head  temperatures  and  fuel- 
umptions   are   increased 

The  points  in  favor  of  a  screwed-on  head  are 
(1)    Good  production  proposition   in  the  foundry,  with 

less  remelting  of  runners  and  waste  metal  than  is 

necessary  with  cast-on 'types 
i  J  )    Contact  between  the  barrel  and  the  head  is  under 

control  and  inspection 

(3)  Alloy   is   in   a    condition   of   stability   and   highest 
conductivity  owing  to  annealing 

I  li    Casting  stresses  are  eliminated  and  replaced  by  a 
less  severe  and  constant  stress  due  to  shrinking 
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Fig.    20 — Section    of    an    Aluminum    Jacket    Cast    On    to    the 
Cylinder  Lining  Showing  the  Poor  Contact  between  the  Two 

(5)  Machining  of  the  ports,  the  inside  of  the  head  and 
the  valve-seats  and  expanding  or  shrinking-in.  of 
the  last,  if  thus  fitted,  is  accessible 

(6)  Barrel  and  head  production  start  together  and  are 
concurrent 

(7)  Unsound  head  castings  do  not  involve  damage  to 
the  barrel 

(8)  Damaged  liners  can  be  replaced  with  ease  in  field 
workshops 

Opposed  to  the  foregoing  advantages  are  the  following 

(1)  The  finned  steel  barrel  is  expensive  to  produce  and 
wastes  material.  Further,  the  threads  on  the  bar- 
rel and  in  the  head  have  to  be  held  to  close  toler- 
ances 

(2)  A  fair  amount  of  machine  work  has  to  be  done  on 
the  barrel  after  it  has  been  shrunk  into  the  head, 
aside  from  the  grinding  out  of  the  bore.  As  the 
starting  point  of  the  thread  in  the  head  and  on  the 
barrel  cannot  be  controlled,  barrels  have  to  have 
location  points  and  possibly  holding-down  bolt-holes 
machined  after  the  head  is  shrunk-on.  This  means 
that  a  good  head  can  be  refitted  upon  a  new  barrel, 


but  a  defective  head  on  a  sound  barrel  cannot  be 
replaced 

The  construction  in  which  the  jacket  and  the  head  are 
cast  on  the  liner  is  favored  because 

(1)  The  liner  can  be  produced  from  a  thin  tube,  wastes 
little  material  and  is  cheap  to  produce  in  the  ma- 
chine-shop 


Bolted-On  Cast 
Aluminum  Head 


Aluminum  Fins  — 
Cas  I  on  Steel  Barrel. 
Sherardiied  between 
Locking  Ribs 


Forged  Steel  Barrel- 
Steel  Mounting. 
Flange  Screwed 

and  Shrunk  on  Barrel 


Fig.  21 — The  Type  F  5U  x  6-I.x.  Cylinder  Developed  by  the 

Engineering    Division    of    the    Air    Service 
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i  J  i  Fitting  of  the  head  and  the  jacket  is  not  dependent 
on  machine-shop  work 

The  objections  urged  against  such  a  design  of  cylinder 
are 

in  The  state  of  contact  between  the  casting  and  the 

liner  is  unknown.  The  contact  is  often  very  poor; 
in  some  cases  as  little  as  5  per  cent  of  the  inside 
surface  of  the  jacket  is  in  real  metal-to- metal  con- 
tact with  the  outside  of  the  liner.  Fig.  20  shows 
a  portion  of  the  inside. surface  of  a  cast-on  jacket 
and  clearly  indicates  the  poor  contact ;  this  view  is 
representative  of  this  particular  design  and  is  not 
an  isolated  instance 

(2)  Sliding  contact  between  jacket  and  liner  is  con- 
tinually occurring  and  eventually  results  in  attri- 
tion as  the  sliding  surfaces  are  oxidized 

(3)  All  heat  delivered  from  the  liner  to  the  jacket  has 
to  pass  a  therpial  gap,  and  a  bad  one  at  that,  in- 
volving two  oxide  films 

(4)  It  is  a  poor  production  proposition  in  the  foundry, 
having  all  the  difficulties  mentioned  for  cast-on 
heads,  and  others  in  addition 

(5)  The  weight  of  a  steel  liner  with  an  aluminum  jacket 
cast  or  shrunk-on  is  greater  than  that  of  a  barrel 
with  integral  steel  tins 

The  type  of  cylinder  construction  in  which  the  head 
and  the  jacket  are  an  integral  casting  with  a  shrunk-in 
liner  possesses  the  advantages  that 

(1)   The  liner  can  be  produced  from  a  thin  tube  and  is 

cheap  to  machine 
"(2)    The  jacket  and  the  head  is  a  good  production  job 

in  foundry 

The  following  objections  are  raised  to  this  design  of 
cylinder 

(1)  The  whole  explosion  load  is  taken  through  the 
jacket,  the  load  being  transmitted  to  four  or  more 
bolts.  This  arrangement  requires  a  heavy  jacket 
and  even  then  is  not  satisfactory,  for  aluminum  at 
the  temperatures  obtained  has  not  proved  suitable 
for  the  resulting  heavy  localized  stress  at  the  bolt- 
bosses.  The  cast-on  or  screwed-on  head  types 
transmit  the  explosion  load  from  the  head  to  the 
barrel  and  thence  to  the  holding-down  bolts,  with 
practically  uniform  stress  in  the  circumference  of 
the  head  metal 

(2)  Unless  a  heavy  liner  is  used,  it  is  difficult  to  pre- 
vent distortion  and  lack  of  contact  between  the  liner 
and  the  jacket.  It  is  very  difficult  to  prevent  oil 
from  leaking  between  the  liner  and  the  jacket, 
which  causes  a  lack  of  contact  owing  to  carboniza- 
tion. Oil  leakage,  with  the  resultant  carboniza- 
tion, is  much  less  serious  with  a  screwed-on  head 
than  with  a  shrunk  liner,  as  the  fitting  surface  on 
a  shrunk  liner  can  be  covered  completely  with  car- 
bon, whereas  the  screwed-on  head  carbonizes  only 
on  the  unloaded  faces  of  the  threads 

(3)  To  eliminate  oil  leakage  as  far  as  possible  the 
joint  of  the  liner  with  the  jacket  should  be  made 
at  the  liner  top.  Owing  to  the  difference  in  coeffi- 
cients of  expansion  of  the  materials  of  the  liner 
and  the  jacket,  much  ingenuity  is  required  to  deter- 
mine the  correct  position  in  which  to  attach  the 
holding-down  bosses  to  the  jacket  so  that  the  bolts 
may  be  under  constant  tension.  Trouble  occurs 
owing  to  the  jacket  deflecting  at  the  holding-down 
bosses  and  locally  distorting  the  liner 

(4)  The  increase  of  weight  with  this  construction  is 
greater  than  that  of  the  cast-on  head  and  jacket 
type,  owing  to  all  explosion  load  being  transmitted 
throughout  the  length  of  the  jacket 

The  advantages  of  the  steel  barrel  with  an  aluminum 
cap  are 

(1)  The  cap  is  easily  fitted 

(2)  Pressure  tightness  is  not  dependent  on  fit  of  cap 


Opposed  to  the  foregoing  advantages  are 
t  1  )    The  closed-end  barrel  is  more  expensive  to  machine 
than    the   open-end    type   used    with    a    cast-on    or 
screwed-on   head  design 

The  state  of  contact  of  the  head  is  unknown  after 
a  little  service,  ami  this  contact  is  difficult  or  im- 
possible to  maintain.  Maine-blowing  between  the 
cap  and  the  top  of  the  barrel  has  been  known  to 
occur 

Can  only  be  used  for  flat  heads 
Gives  a  poor  performance  in  comparison  with  cast- 
on  or  screwed-on  spherical  or  roof  heads 
The  valves  are  seated  in  the   steel   head   and  are 
guided  in  the  aluminum  cap.     The  difference  in  the 
coefficients  of  expansion  of  the  two  parts  is  liable 
to  cause  misalignment  of  the  valves  on  their  seats, 
contributing  to  valve  burning,  warpage  and  leakage 
generally  characteristic  of  this  construction 
Owing   to  the  relative  expansion   of   the  cap   and 
the  barrel  due  to  the  difference  in  the  coefficients 
of  expansion  of  the  materials,  either  sliding  must 
occur    between    the    two    contact    faces    or    heavy 
stresses  be  set  up  in  the  cap  and  the  bolts  attach- 
ing it  to  the  barrel 


(2) 


(8) 

Hi 

(5) 


(6) 


PlO.   23 — Sectional  Elevation  of  a  5%   x  G>i-lN.   Steel  Cylinder 
with  an-  Aluminum  Cap 
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Fig.    2  4 — Plan    View    and    Sectional   Elevation    of   a   Composite 
Aluminum   and   Cast-Iron   Two-Ctcle   Cylinder 

The  importance  of  axial  heat-flow  from  the  cylinder- 
head  to  the  barrel  is  shown  by  the  following  tests  con- 
ducted by  the  engineering  division.  The  tests  were  car- 
ried out  on  two  cylinders  of  identical  design,  except  that 
one  had  a  detachable  bolted-on  cast  aluminum  head  and 
the  other  a  cast-on  aluminum  head.  The  Type  F  detach- 
able head  is  shown  in  Fig.  21  and  the  Type  D  integral 
head  is  illustrated  at  the  left  of  Fig.  6.  The  performance 
of  the  two  designs  under  identical  conditions  with  both 
rich  and  lean  carbureter-settings  is  presented  in  Fig.  22. 

A  comparison  of  the  all-steel,  the  steel  barrel  with  an 
aluminum  cap  and  the  steel  barrel  with  a  cast-on  spherical 
aluminum  head  types  will  serve  to  show  the  merits  of 
the  designs.  The  cylinders  were  all  of  5x/2-in.  bore  by 
6'  --in.  stroke  and  were  tested"  under  similar  conditions. 
The  steel  cylinder,  see  Fig.  18,  had  a  flat  steel  head  with 
two  cast-iron  exhaust  ports  and  one  aluminum  inlet  port 
bolted-on.  The  capped  cylinder,  which  is  illustrated  in 
Fig.  23,  used  a  barrel  of  the  all-steel  type  and  was  fitted 
with  a  bolted-on  cast-aluminum  cap.  The  cast-on  head 
cylinder  shown  at  the  right  of  Fig.  6,  used  a  barrel 
similar  to  the  all-steel  and  capped  types,  but  with  the 
head  cut-off  and  an  aluminum  head  cast-on. 

Under  maximum-load  mixture  conditions  the  capped 
design  developed  13  per  cent  less  power  on  a  25-per  cent 
higher  specific  fuel-consumption  than  the  cast-on  head 
type,  and  the  all-steel  type  developed  13  per  cent  less 
power  on  a  32-per  cent  higher  fuel-consumption  than  the 
cast-on  type.  While  the  all-steel  cylinder  was  not  of  the 
most  suitable  design  for  the  fitting  of  a  cap,  and  better 
results  both  as  regards  power  output  and  fuel  consump- 
tion are  obtainable  from  a  cylinder  initially  designed  for 
a  cap,  nevertheless,  the  comparison  in  general  shows  the 
relative  value  of  the  three  types  of  design. 

Attempts  to  secure  low  cylinder-weight  per  cubic  inch 
of  capacity  by  the  use  of  high-tensile  material  and  thin 
sections  usually  result  in  a  cylinder  having  a  rather  high 


'  See    Proceedings   of   the   Institution   of  Automobile  Engineers, 
vol.  14,  p.  243. 


weight  per  brake  horsepower  developed.  Composite 
aluminum  and  steel  cylinders  usually  have  a  higher 
weight  per  cubic  inch  of  capacity  than  the  all-steel  type ; 
however,  the  weight  per  brake  horsepower  developed  for 
normal  cycle  types  has  proved  to  be  considerably  lower. 
To  design  a  150-cu.  in.  cylinder  to  weigh  not  over  0.65 
lb.  per  b.  hp.  requires  considerable  care;  weights  as  low 
as  0.55  lb.  per  b.  hp.  have  been  obtained  with  70  to  100- 
cu.  in.  cylinders.  In  my  opinion  a  reduction  in  the  cylin- 
der weight  per  brake  horsepower  is  most  likely  to  be 
brought  about  by  an  increase  in  the  brake  mean  effective 
pressure,  principally  as  result  of  improved  fuel,  rather 
than  by  the  use  of  improved  metals.  Cylinder  weight,  as 
here  used,  is  that  of  the  cylinder  complete  with  valves, 
valve-gear  spark-plugs  and  push-i-ods. 

Two-Cycle  Construction 

The  two-cycle  air-cooled  cylinder  is  generally  con- 
sidered to  be  almost  of  necessity  prone  to  overheating  and 
some  consideration  of  the  type  is  therefore  justified.  It 
is  not  surprising  that  the  average  two-cycle  air-cooled 
cylinder  should  overheat,  as  it  is  usually  a  very  light, 
thin  and  poorly  finned  cast-iron  type.  However,  effi- 
ciently cooled  cylinders  for  two-cycle  engines  are  now 
produced. 

The  use  of  aluminum  perhaps  is  justified  commercially 
for  two-cycle  cylinders  for  air-cooled  motorcycle  engines, 
for  the  cooling  conditions  on  such  engines  are  usually 
very  arduous.  With  cast-iron  combustion-chamber  the 
carbon  deposit  is  both  more  adherent  and  of  greater 
quantity  than  with  one  of  aluminum.  A  type  of  com- 
posite aluminum  and  cast-iron  two-cycle  motorcycle  cylin- 
der is  shown  in  Fig.  24.  This  was  produced  by  casting 
an  aluminum  head  on  the  barrel  of  the  cast-iron  cylinder 
originally  fitted  to  the  engine.  No  exact  performance 
data  were  ever  obtained  with  this  cylinder.  However, 
during  6000  miles  of  use  on  the  road  no  mechanical  or 
thermal  trouble  developed  and  overheating  did  not  oc- 
cur at  any  time,  in  spite  of  much  use  in  mountain  coun- 
try. The  head  was  coated  with  a  glossy  black  enamel 
that  would  burn  at  550  deg.  fahr.,  and  the  lack  of  over- 
heating was  borne  out  by  the  perfect  condition  of  the 
enamel  at  the  end  of  the  tests. 

Although  in  general  it  is  poor  policy  to  shunt  design 
difficulties  to  the  foundry  by  the  use  of  cast-in  liners, 
barrels  and  the  like,  there  appears  to  be  much  justifica- 
tion for  the  design  shown  in  Fig.  24,  as  it  is,  in  the 
main,  a  simple  foundry  proposition  and  well  adapted  to 
die-casting.  The  casting  stresses  due  to  the  barrel  are 
not  complicated  by  others  arising  from  cast-in  seat-in- 
serts or  a  non-symmetrical  layout.  The  design  of  head 
finning  is  probably  the  most  efficient  obtainable  for  this 
type  of  cylinder.  The  head  layout  in  this  case  is  not  suit- 
able for  screwing-on.  Efficient  cooling  is  probably  ob- 
tainable from  heavy  thick-walled  cast-iron  two-cycle 
cylinders.  This,  however,  is  conjecture,  as  I  have  not 
actually  tested  such  cylinders. 

Valve-Seat  Inserts  in  Aluminum  Cylinder-Heads 

Valve-seat  inserts  are  a  frequent  source  of  trouble  in 
aluminum  cylinder  construction.  Conditions  require  an 
insert  that  has  a  tight  fit  and  good  thermal  contact  with 
the  cylinder-head  metal  when  both  are  hot.  The  use  of 
cast-iron  or  steel  inserts  is  not  good  practice,  regardless 
of  how  they  are  fitted,  as  the  coefficients  of  expansion  of 
cast  iron  and  steel  are  only  30  and  40  per  cent  respec- 
tively of  that  of  aluminum.  Cast-iron  or  steel  inserts 
if  cast-in  are  very  liable  to  cause  blowing  of  the  alumi- 
num surrounding  the  insert.     Aluminum-bronze  has,  on 
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the  whole,  proved  the  most  successful  for  cast-in  seat- 
inserts. 

Cast-in  inserts  are  a  poor  production  proposition  in  the 
foundry.  They  are  exceedingly  liable  to  shift  on  the 
core  when  in  the  mold  and  cause  the  bore  of  the  insert  to 
be  eccentric  with  the  outside  when  finish-machined.  The 
cast-in  insert  of  any  material  is  prone  to  develop  defec- 
tive thermal  contact  or  to  even  come  loose.  Due  to  cast- 
ing shrinkage  the  insert  initially  may  be  tight  in  the 
cylinder-head  when  both  the  head  and  the  insert  are 
hot.  As  a  result  either  of  annealing  in  the  course  of 
production  or  of  the  gradual  annealing  that  occurs  in 
operation  the  casting  shrinkage  is  ultimately  largely  re- 
moved. The  less  the  difference  is  in  the  coefficients  of 
expansion  of  the  materials  of  the  head  and  the  insert,  the 
greater  will  be  the  chance  of  a  cast-in  insert  remaining 
tight.  Aluminum-bronze  cast-in  inserts  have  on  this 
account  proved  markedly  superior  to  steel  or  cast  iron. 
Cast-in  inserts  are  an  example  of  evading  a  design  issue 
at  the  expense  of  the  foundry. 

The  expanded-in  insert  gives  excellent  results  in  an- 
nealed cylinder-heads.  The  amount  of  expansion  re- 
quired has,  however,  to  be  determined  experimentally  in 
each  case  and  is  rather  difficult  to  control.  Shrunk-in 
aluminum-bronze  inserts  have  been  developed  by  the  engi- 
neering division  and  given  excellent  results.  Shrinking 
fits  and  temperatures  are  much  more  readily  controlled 
and  inspected  than  either  casting-in  or  expanding.  With 
shrunk  seat-inserts  the  cylinder-head  has  to  be  machined 
partially,  the  inserts  then  shrunk  in  and  the  head  i-eset 
for  final  machining,  which  is  somewhat  of  a  disadvan- 
tage. The  shrunk  insert,  at  least  for  inclined  valves,  is 
difficult  to  apply  to  other  than  bolted-on  or  screwed-on 
heads.  It  is  possible  with  a  shrunk-in  insert  and  with 
known  shrinking  allowances  and  temperature  conditions 
to  be  certain  that  good  thermal  contact  always  exists. 

The  greater  conductivity  of  bronze  in  comparison  with 
cast  iron  or  steel  is  a  distinct  advantage  for  an  insert. 
While  the  radial  effect  is  of  little  consequence,  the  in- 
crease of  possible  circumferential  heat-flow  within  the 
insert  may  in  some  cases  have  a  marked  effect  on  the 
valve  cooling,  particularly  where  two  exhaust-valves  are 
used.  In  three  or  four-valve  cylinders  it  is  often  notice- 
able that  the  points  of  closest  proximity  of  the  exhaust- 
valves  are  considerably  hotter  than  the  most  widely  sepa- 
rated portions. 

Exhaust-Valve  Cooling 

In  general,  exhaust-valve  cooling  has  two  distinct 
phases,  cooling  through  the  seat  and  cooling  via  the  stem 
and  the  guide.  If  either  be  at  fault,  inspection  when 
running  on  open  exhaust  will  determine  which  is  the  of- 
fender. For  efficient  seat-cooling  as  effected  by  valve  de- 
sign, I  prefer  a  tulip  valve  with  a  thick  rim,  possessing 
greater  circumferential  conductivity  than  the  flat-head 
valve,  and  the  use  of  a  wide  valve-seat.  The  width  of  the 
valve-seat  undoubtedly  has  a  marked  effect  upon  the  heat- 
flow  from  the  valve  to  the  cylinder-head,  as  the  intensity 
of  the  heat-flow  will  depend  on  the  area  of  the  valve  in 
contact  with  the  cylinder.  The  heat-flow  from  the  valve 
to  the  cylinder  will  be  affected  to  some  extent  by  the  load 
of  the  valve-spring;  from  this  standpoint  the  greater 
the  load  the  better.  The  Type  J  cylinder  exhibits  very 
good  seat-cooling,  and  uses  a  wide  valve-seat,  the  bore 
of  the  exhaust  port  being  2%  in.  and  the  top  diameter 
of  the  seat  2  9/16  in.  Valve-seat  cooling  in  this  cylin- 
der is  as  good  as  obtains  in  any  water-cooled  cylinder 
using  a  similar  valve  size  and  under  all  running  condi- 
tions a  dead  black  rim  %  in.  wide  is  shown  on  the  valve. 


Efficient  stem-cooling  is  assisted  by  extending  the 
valve-guide  and  guide-boss  down  as  closely  to  the  head 
of  the  valve  as  possible,  and  shrouding  the  guide  with  a 
heavy  boss  that  is  able  to  conduct  away  the  heat  ab- 
stracted from  both  the  valve-stem  and  the  exhaust  gas. 
The  cooling  via  the  valve-stem  is  partly  controlled  by 
the  sectional  area  of  the  stem  and  the  area  of  the  stem 
in  contact  with  the  guide. 

The  Type  J  cylinder  is  of  efficient  design  as  regards 
conducting  the  heat  away  from  the  exhaust-valve  guide; 
however,  the  guide-cooling  with  the  valve  shown  in  Fig. 
25  has  not  proved  as  good  as  it  might  be.  This  cylinder 
initially  had  a  7/16-in.  diameter  exhaust  valve  stem  and 
this  was  found  to  have  insufficient  area  to  carry  away 
the  heat  from  the  head  of  the  valve  and  insufficient  sur- 
face to  dissipate  the  heat  from  the  stem  to  the  guide  ef- 
ficiently. As  a  result  the  stem  overheated ;  further,  the 
high-temperature  zone  extended  too  far  up  the  stem. 
An  increase  in  the  stem  diameter  has  improved  the  cool- 
ing to  some  extent.  Partially  as  a  result  of  the  stem 
overheating,  trouble  has  been  experienced  with  break- 
age. 

Claims  that  the  exhaust-valve  cooling  of  air-cooled 
engines  is  equally  as  good  as  that  of  water-cooled  en- 
gines may  appear  to  be  an  exaggeration.  Nevertheless 
such  claims  are  not  merely  my  personal  opinion  but  can 
be  confirmed  readily  by  the  engineering  division. 

The  effect  of  the  mixture-strength  on  the  exhaust-valve 
temperature  is  marked,  and  a  reference  to  Fig.  26  shows 
that  the  maximum  valve-temperature  is  obtained  with 
approximately  optimum  mixture-strength,  the  tempera- 
ture diminishing  with  either  a  richer  or  a  weaker  mix- 
ture. With  a  badly  cooled  cylinder,  however,  it  is  not 
possible  to  run  on  the  optimum  mixture,  as  violent  over- 
heating of  the  valve  will  occur  on  even  considerably 
richer  mixture-strength.  The  temperatures  shown  were 
obtained  on  an  R.A.E.  4E  cylinder  of  100-mm.  (3.94- 
in.)  bore  and  140-mm.  (5.51-in.)  stroke,  shown  at  the 
left  of  Fig.  16.  The  high  temperatures  developed  were 
due  to  the  cooling  blast  being  directed  on  the  inlet  side 
of  cylinder. 

With  good  valve-cooling  it  is  possible  to  maintain  a 
black  rim  on  the  valve-head  under  all  conditions.  With 
l'i'-in.  diameter  valves  the  maximum  temperature  of  any 
part  of  the  valve  should  not  exceed  1200  deg.  fahr.,  and 
with  valves  up  to  2Vz  in.  in  diameter  it  is  possible  to 
avoid  temperatures  in  excess  of  1350  deg.  fahr.,  although 
this  is  at  times  accomplished  at  the  expense  of  fuel 
economy.  In  general,  for  air-cooled  engines  I  prefer 
to  avoid  the  use  of  exhaust  valves  in  excess  of  2-in. 
diameter.  Internal  valve-stem  cooling  by  water  or  mer- 
cury has  been  used  with  success.  However,  in  my  opinion, 
equally  efficient  results  generally  can  be  obtained  with 
less  expense  and  complication  by  greater  care  in  the 
cooling  design  of  the  cylinder  body.  The  amount  of  oil 
reaching  the  combustion-chamber  has  a  considerable  in- 
fluence on  the  valve  temperature,  and  an  increase  in  the 
oil  supply  is  often  sufficient  to  reduce  the  exhaust-valve 
temperature  to  the  point  at  which  reliability  is  obtained. 

There  are  several  probable  reasons  why  an  air-cooled 
cylinder  should  have  as  good  exhaust-valve  cooling  as  a 
water-cooled  cylinder.  These  are  (a)  the  metal  sections 
of  the  head  and  the  valve  ports  have  sufficient  heat-flow 
capacity  to  carry  heat  to  the  cooler  portions  of  the  head; 
(&)  the  intensity  of  the  heat-flow  to  the  cooling  me- 
dium is  lower  on  account  of  the  area  of  the  attached 
fins;  (c)  with  good  design,  the  cooling  medium  surround- 
ing the  exhaust-ports  and  the  adjacent  portions  of  the 
head  is  in  a  violent  state  of  turbulence,  and  semi-stagna- 
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tion  of  the  cooling  medium,  which  may  occur  in  a  water- 
cooled  engine,  cannot  well  occur  in  an  efficient  air-cooled 
cylinder;  (d)  no  equivalent  of  a  steam-pocket  can  exist 
and  local  overheating  does  not  result  in  practically  com- 
plete failure  of  cooling  at  that  point,  such  as  occurs  when 
a  steam  pocket  develops  in  a  water-cooled  cylinder;  (e) 
no  equivalent  of  lime-salt  deposits  and  resultant  heat- 
insulation  can  occur;  and  (/)  a  parallel  to  an  insulating 
film  of  steam  does  not  exist.  If  a  valve  in  an  air-cooled 
cylinder  runs  cooler  than  a  valve  of  equal  size  in  a  simi- 
lar water-cooled  cylinder,  it  is  not  unreasonable  to  as- 
sume that  the  exhaust  port  and  the  seat  are  cooler  in 
the  former.  From  observation  it  has  been  found  that 
it  is  not  possible  to  maintain  a  wetted  surface  with  semi- 
stagnant  water  on  metal  at  anything  like  the  tempera- 
ures,  500  deg.  fahr.,  developed  around  the  exhaust-seat 
of  an  air-cooled  cylinder.  Water  will  remain  almost 
quiescent  and  in  apparently  close  contact  with  metal  at 
500  deg.  fahr.  for  a  considerable  time  with  little  evident 
evaporation  or  transfer  of  heat  from  the  metal  to  the 
fluid;  a  50-per  cent  reduction  in  the  temperature  of  the 
metal,  however,  will  produce  violent  evaporation. 

Enclosing  the  valve-stems  and  the  guides  and  lubricat- 
ing them  with  oil  improves  exhaust-valve  cooling.  This 
alone  is  sufficient  ground  for  a  positively  lubricated 
valve-gear,  apart  from  other  obvious  advantages. 

Valve-Gears 

Most  designs  of  spherical-head  cylinder  necessitate 
valve-gears  of  rather  freakish  appearance.  Two  such 
examples,  involving  odd  compound  motions,  are  seen  in 
the  B.S.A.  and  Type  J  cylinders.  It  can  only  be  said 
that  such  freakish  gears  have  better  mechanical  proper- 
ties than  appearance  and  really  function  with  consider- 
able reliability.  The  motion  in  three  planes,  existing  at 
the  push-rod  ball-end  where  it  works  in  the  rocker-cup, 
does  not  produce  much  trouble  in  practice. 

The  use  of  an  exposed  push-rod  valve-gear,  in  which 
lubrication  is  a  matter  of  chance,  is  really  crude  in  the 
extreme.  Rocker-pivot  lubrication  can  be  made  reason- 
ably satisfactory  by  special  bearings  and  greases.  The 
rocker  ball-ends  can  be  enclosed  in  gaiters.     Provision 


can  be  made  to  maintain  a  constant  tappet  clearance  by 
heating  the  push-rods  or  by  mechanical  clearance  com- 
pensation. However,  when  all  these  provisions  are 
made,  the  result  compares  poorly  with  that  of  a  fully  en- 
closed valve-gear,  in  which  the  valve-stems,  the  springs, 
the  rockers  and  the  push-rods  are  entirely  enclosed  and 
run  in  oil.  A  fully  enclosed  valve-gear  avoids  most  of  the 
objectionable  shock,  wear,  noise  and  excessive  change  of 
tappet  clearance  and  valve-timing  encountered  in  the  av- 
erage open  push-rod  valve-gear.  The  air-cooled  engine 
cannot  hope  to  compete  with  the  high-class  water-cooled 
engine,  if  it  be  equipped  with  a  noisy  and  rapidly  wear- 
ing valve-gear,  requiring  almost  daily  adjustment  and 
lubrication. 

Conclusions 

There  is  a  very  general  tendency  to  assume  that  air- 
cooling  is  suitable  only  for  small  cylinders.  It  may  be 
well  to  quote  the  performance  of  the  R.A.E.  19T  cylinder, 
illustrated  in  Fig.  11,  to  show  the  extent  to  which  the  air- 
cooling  of  large  cylinders  has  gone.  This  cylinder  is  of 
8-in.  bore  and  10-in.  stroke,  or  of  502.6-cu.  in.  capacity, 
and  has  developed  129  b.  hp.,  or  119.5-lb.  per  sq.  in.  brake 
mean  effective  pressure  at  1700  r.p.m.,  with  a  fuel-con- 
sumption of  0.51  lb.  per  b.  hp-hr.  The  cylinder  was  built 
to  determine  the  possible  limits  of  air-cooling  and,  al- 
though in  my  opinion  it  has  at  present  little  practical 
application,  it  has  at  least  demonstrated  that  successful 
air-cooling  is  not  limited  to  50  b.  hp.  per  cylinder. 

Fragility  is  a  disadvantage  of  air-cooling  as  at  present 
developed,  the  fins  of  a  cast-iron  automobile-engine  cyl- 
inder of  even  the  sturdiest  design  being  relatively  deli- 
cate in  comparison  with  the  cast-iron  water-cooled  block 
of  an  engine  for  similar  use.  There  is  little  to  choose, 
however,  between  the  fragility  of  aircraft  types  if  the 
composite  aluminum  and  steel  air-cooled  cylinder  be  com- 
pared with  the  built-up  all-steel  water-cooled  cylinder. 
In  fact,  the  former,  if  anything,  has  the  advantage,  as 
detonation,  preignition  or  vibration  will  often  crack 
water-jackets  but  does  not  result  in  fin  damage.  It  is 
not  possible  at  present  to  produce  air-cooled  engines 
having  the  delightfully  clean  outline  of  such  water-cooled 
engines  as  the  Hispano-Suiza  or  Frontenac. 
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The  design  of  air-cooled  cylinders  has  suffered  in  the 
past  much  owing  to  compromise,  this  generally  taking  place 
at  the  expense  of  cooling  efficiency,  really  the  last  feature 
that  should  be  tampered  with.  To  design  an  engine  com- 
plete but  for  the  cylinder,  then  design  a  cylinder  to  fit 
the  engine  body  and  finally  endeavor  to  imagine  how  air 
can  be  supplied  to  the  cylinders  is  a  not  unusual  proceed- 
ing, and  one  that  is  not  calculated  to  improve  the  faith  of 
the  general  public  in  air-cooling. 

APPENDIX  1. 

Effect  of  Spark-Plug  Position  on  Power  Output  and 
Fuel-Consumption 

Air-cooled  cylinders  are  markedly  sensitive  to  spark- 
plug position.  The  location  of  the  plug  in  the  combus- 
tion-chamber relative  to  the  inlet  and  exhaust-valves  and 
the  location  of  the  plug  points  relative  to  the  cylinder 
wall  are  both  of  considerable  importance.  Both  phases 
of  spark-plug  location  have  been  the  subject  of  consider- 
able research  at  the  hands  of  Dr.  A.  H.  Gibson7  and  Dr. 
E.  G.  Ritchie  at  the  Royal  Aircraft  Establishment.  The 
general  result  of  their  investigations  has  been  to  show 
that  (a)  the  plug  should  not  be  located  so  that  the  flame- 
wave  will  be  projected  against  a  red-hot  exhaust-valve 
and  (b)  the  plug  points  should  be  approximately  flush 
with  the  cylinder-wall.  The  best  location  of  the  plug 
points  relative  to  the  cylinder  generally  has  to  be  deter- 
mined for  each  design  of  cylinder;  in  some  cases  it  is 
found  that  the  best  result  is  obtained  with  the  points 
slightly  pocketed;  in  other  cases  slightly  projecting  points 
prove  best. 

Some  results  obtained  with  double-plug  ignition  on  the 
Airco  four-valve  cylinder,  see  Figs.  1  and  9,  are  shown 
in  Figs.  27  and  28.  The  tests  were  made  on  two  cylin- 
ders of  differing  performance  due  to  valve-seat  insert 
material  and  contact  and  the  two  charts  reproduced  in 
Fig.  27  show  the  relation  between  the  brake  mean  ef- 
fective pressure  and  the  fuel-consumption  for  the  two 
cylinders  respectively  with  various  combinations  of  plug 
position.  The  plug  points  were  approximately  flush  with 
the  cylinder-wall  in  all  the  tests.  The  two  cylinders  had 
one  combination  of  plug  position  common  to  both,  that  of 
the  two  horizontal  side  plugs  shown  in  the  upper  left  coi- 
ner of  Fig.  28,  and  this  has  been  used  to  reduce  to  a  com- 
mon basis  the  performance  of  both  cylinders  with  various 
plug  positions.  The  performance  on  maximum-load  mix- 
ture of  both  cylinders  with  this  plug  position  has  been 
taken  as  a  datum.  For  each  cylinder  the  several  fuel- 
consumptions   and   the   brake   mean    effective   pressures 


7  See   Transactions   of   the   Royal   Aeronautical  Society.  No.    3. 
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have  been  plotted  as  percentages  of  the  corresponding 
values  on  maximum-load  mixture  with  the  common  plug 
position.  It  will  be  noted  from  Fig.  28  that  the  values 
obtained  with  this  plug  position  on  both  cylinders  lie 
fairly  close  to  the  mean  curve,  which  apparently  justifies 
this  method  of  reducing  performance  to  a  common  basis. 
The  method  of  reduction  is  open  to  objection  but  it  is 
difficult  to  find  any  other  that  can  be  used. 

From  Fig.  28  it  appears  that  the  use  of  two  horizontal 
head  plugs  is  decidedly  the  best.  From  this  it  seems 
that  the  plugs  should  lie  on  a  common  horizontal  axis 
passing  through  the  vertical  axis  of  the  combustion- 
chamber,  and  that  the  location  of  the  plug  axis  should  be 
such  that  neither  plug  can  project  a  flame-wave  against 
the  exhaust-valves.  Drs.  Gibson  and  Ritchie  found  that 
the  plug  should  be  located  so  that  the  points  will  be  swept 
alternately  by  the  ingoing  charge  and  the  outgoing  ex- 
haust, thus  both  cooling  the  points  and  burning-off  the 
oil  or  the  carbon. 

The  unsatisfactory  performance  given  with  two  in- 
clined head  plugs  was  confirmed  by  tests  on  other  cylin- 
ders of  the  same  design,  as  well  as  by  those  used  in  the 
tests  mentioned.  Although  quantitative  figures  were  not 
obtained,  it  was  found  that  switching  from  the  two  hori- 
zontal side  plugs  to  the  two  inclined  head  plugs  at  once 
caused  an  increased  detonation  and  a  drop  in  the  power 
output,  this  occurring  over  a  wide  range  of  mixture- 
strength. 

By  obtaining  comparisons  of  the  effect  of  plug  posi- 
tion from  curves  with  the  brake  mean  effective  pressures 
plotted  against  the  fuel-consumptions  from  the  maxi- 
mum-load to  the  weakest  possible  mixture,  although  the 
latter  was  not  determined  for  all  plug  positions,  errors 
clue  to  a  single  observation  are  in  the  main  avoided,  and 
the  effect  of  any  plug  location  is  examined  over  a  wide 
range  of  mixture-ratios.  It  is  not  contended  that  the 
results  of  these  tests  apply  to  other  than  this  particular 
design  of  cylinder.  Other  designs,  nevertheless,  have  in 
general  confirmed  the  results  reproduced  in  Fig.  28. 

APPENDIX  2 

Influence  of  Gas  Velocity  Through  the  Valves  on 

the  Performance  of  an  Air-Cooled  Engine 

The  investigation  described  herein  was  undertaken  to 
secure  data  on  the  effect  of  gas  velocity  on  performance, 
in  particular  on  that  of  air-cooled  aircraft  engine  cylin- 
ders. The  tests  were  carried  out  on  Airco  aircraft- 
engine  cylinders  (see  Figs.  1  and  9)  fitted  up  on  an 
R.A.E.  single-cylinder  universal  test  engine. 

Owing  to  cooling  difficulties,  valve  sizes  such  as  are 
used  on  automobile  engines  are  impossible  on  the  high 
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Fig.    27— Results  of   Spark-Plug  Location   Tests   on  the  Airco  Cylinder 
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efficiency  air-cooled  cylinder.  In  the  throe  and  tour- 
valve  types  of  cylinder,  bucd  valving  as  is  used  by  some 
American  water-cooled  aircraft-engine  constructors  leads 

erious  cooling  difficulties,  the  principal  source  being 
Uu-  bridge  between  the  exhaust-valves.  The  development 
in  Europe  of  the  air-cooled  cylinder  of  high  output  has 

ilted  in  the  adoption  of  relatively  small  valves  used 
in  i  in  with  high  lifts.     Attempts  to  valve  air- 

cooled  aircraft-engine  cylinders,  particularly  of  the  three 
and  four-valve  types,  on  the  proportions  used  for  air- 
cooled  racing  motorcycle  engines  have  resulted  in  failure; 
it  la  by  no  moans  uncommon  to  find  the  latter  type  of  cyl- 
inder in  theSO-CU.  in.  -  d  with  tour  overhead  valves 
of  approximately  l'.-in.  diameter  in  the  port.  Such  de- 
sign is  possible  only  with  small  cylinders  and  with  en- 
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gines  that  do  not  run  on  full  throttle  for  long  periods. 
Experience  tends  to  show  that  even  for  intermittent 
short  bursts  at  full  throttle,  the  engine  having  high  gas 
velocities  and  good  valve-cooling  will  give  better  power 
and  performance  than  the  type  having  a  combustion- 
chamber  consisting  mainly  of  valves,  and  that,  in  spite 
of  the  marked  advantages  of  overhead  valves  for  air- 
cooled  engines,  their  advantage  is  mainly  lost  if  over- 
valving  is  attempted.  In  small  cylinders  the  first-class 
L-head  type  will  usually  prove  greatly  superior  to  the 
overvalved  overhead-valve  type  If  any  protracted  full- 
throttle  running  is  attempted. 

Investigation  to  date  indicates  that  for  aircraft-engine 
cylinders  the  two-valve  type  is  best  for  capacities  of  up 
to  100  cu.  in.  and  that  beyond  this  size  the  four-valve 
type  is  superior;  although  two-valve  cylinders  of  up  to 
160-cu.  in.  capacity  have  been  built  and  given  excellent 
results.  The  large  two-valve  type,  however,  is  not  as  a 
rule  suitable  for  speeds  in  excess  of  1700  r.p.m.,  usually 
involving  very  high  gas-velocities  through  the  valves  and 
not  giving  nearly  such  a  high  performance  as  the  best 
class  of  four-valve  cylinders.  Experience  has  shown 
that,  unless  a  four-valve  air-cooled  cylinder  of  up  to  160- 
cu.  in.  capacity  is  very  carefully  designed,  the  perform- 


Exhaust 
Fio.    29 — At  the   Left   the   Valve  Used   in-   the   Airco  Cylinder 

AND    AT   THE    RlOHT    THE    INLET    AND     E.XHA1   ST-VALVB    CAMS 

ance  will  be  inferior  to  that  of  a  good  two-valve  design  of 
similar  size.  Large  three  and  four-valve  cylinders  of  the 
tlat-head  type  have  proved  to  be  much  less  efficient  than 
the  two-valve  spherical-head  type. 

Several  methods  are  in  use  as  a  basis  for  calculating 
gas  velocities.  One  merely  considers  the  mean  velocity  in 
the  port,  on  a  basis  of  filling  or  exhausting  the  cylinder 
during  180  deg.  of  crankshaft  rotation.  This  method  is 
crude,  as  no  account  is  taken  of  valve-lift,  this  latter  fac- 
tor having  a  considerable  influence  on  the  power  output. 

A  second  method  considers  the  mean  velocity  through 
.1  cylindrical  annulus  of  a  diameter  equal  to  the  bore  of 
the  mouth  of  the  port  and  a  height  equal  to  the  maximum 
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valve-lift,  this  annulus  being  taken  as  constant  through- 
out the  period  of  filling  or  exhausting.  The  time  of  fill- 
ing or  exhausting  is  taken  as  180  deg.  of  the  crankshaft 
rotation,  the  cylinder  is  assumed  to  be  completely  filled 
and  the  charge  is  assumed  to  be  at  normal  temperature 
and  pressure.  This  method  takes  no  account  of  the  mean 
valve-lift  or  of  timing,  both  of  which  factors  have  a  con- 
siderable influence  on  the  performance.  Cylinders  hav- 
ing very  small  valves  will  usually  show  an  improvement 
in  the  power  output  when  an  increase  of  the  mean  valve- 
lift  is  made  without  any  change  of  the  maximum  lift. 
The  same  holds  true  as  regards  timing,  very  small  valves 
with  high  gas-velocities  generally  requiring  freak  timing 
with  long  opening-periods  to  give  the  maximum  per- 
formance. 

A  third  method  considers  the  mean  of  the  true  areas 
in  the  annulus  normal  to  the  seat,  the  true  time  of  open- 
ing and  100-per  cent  volumetric  efficiency.  In  my  opin- 
ion this  method  is  the  soundest,  but  is  too  cumbersome 
for  general  use  as  it  involves  a  graphical  layout  to  deter- 
mine the  areas  of  the  conical  annuli  from  zero  to  the 
maximum  lift.  With  this  method  annuli  areas  in  excess 
of  the  net  area  in  the  throat,  or  the  port  area  less  the 
valve-stem  area,  are  neglected.  One  result  of  studying 
this  method  has  been  to  show  some  cause  for  the  advan- 
tages in  performance  gained  by  the  use  of  high-lift 
valves.  It  has  been  commonly  supposed  that  high  lifts 
involved  overlifting,  and  that  the  gain  was  due  to  the 
increase  of  the  average  lift  rather  than  from  any  useful 
effect  of  the  maximum  lift  itself.  However,  graphical 
investigation  of  annuli  areas  has  shown  that  with  the 
small  valve-diameters  and  high  lifts  employed,  little  over- 
lifting  occurred.  As  a  result  the  general  formula  for  the 
conical  annulus  area  given  in  most  textbooks  was  exam- 
ined and  found  to  be  incorrect.  This  formula  assumes 
that  the  diameter  of  the  base  of  the  cone  increases  with 
increasing  lift;  this,  however,  does  not  hold  good  with 
tulip  valves  where  the  tulip  neck  has  a  barely  perceptible 
junction  with  the  seat.  The  left  portion  of  Fig.  29  shows 
a  valve  used  as  a  lH-in.  exhaust  and  inlet  and  a  1  9  16- 
in.  inlet.  In  the  latter  case  the  base  of  the  cone  has  a 
constant  diameter  equal  to  that  of  the  port.  As  the 
tulip  type  certainly  does  not  pass  less  gas  than  the  flat- 
head  type,  it  appears  that  the  theoretical  increase  of  area 
with  the  flat-head  type  of  valve  is  of  no  practical  mo- 
ment, and  that  the  gas  does  not  depart  from  streamline- 
flow  conditions  and  abruptly  change  its  course  around 
sharp  corners  to  take  advantage  of  sudden  increases  of 
area.  The  graphical  method  of  obtaining  annuli  areas 
is  shown  in  Fig.  30.  The  conical  annulus  as  a  basis  for 
the  calculation  of  area  is  cumbersome,  as  its  relation  to 
the  cylindrical  annulus  of  equal  height  diminishes  pro- 
gressively with  the  lift.  I  consider  that  a  reasonable  and 
not  altogether  cumbersome  basis  for  the  estimation  of  ve- 
locity is  that  of  the  cylindrical  annulus.  This  is  supported 
to  a  certain  extent  by  the  fact  that  a  45-deg.  seat  valve, 
with  less  area  in  the  annulus  than  either  a  flat  seat  or  a 
30-deg.  seat  valve  will,  in  overhead-valve  cylinders,  pass 
at  least  as  much  gas  as  either  of  the  latter  types  at  equal 
lift,  showing  that  the  reduction  of  area  is  balanced  by 
the  more  nearly  streamline-flow  conditions. 

It  is  my  view  that  the  all-around  best  valve-seat  angle 
for  overhead-valve  cylinders  is  45  deg.  The  seat  angle 
is  considered  to  be  most  important  in  multiple-valve  cyl- 
inders with  pairs  of  valves  in  close  proximity.  The  con- 
verging gas-streams  with  pairs  of  similar  valves  will 
meet  less  nearly  head-on  with  45-deg.  seats  than  with 
flat  or  30-deg.  seats. 

The  gas  velocities  for  the  cylinders  used  in  the  tests 


were  worked  out  by  three  methods;  (a)  on  the  basis  of  a 
cylindrical  annulus,  the  mean  valve-lift  and  the  time  of 
opening;  .(b)  on  the  basis  of  a  true  mean  area  of  the 
annulus  and  the  time  of  opening;  and  (c)  on  the  basis 
of  a  cylindrical  annulus  with  the  valve  held  at  full  lift 
for  180  deg.  of  the  crankshaft  rotation. 

The  particulars  of  the  cylinders  tested  and  the  valve- 
timing  are  as  follows: 

Bore  of  Cylinder,  in.  5% 

Stroke,  in.  6 

Volume  of  Cylinder,  cu.  in.  142.6 

Inlet- Valve  Opens  10  deg.  early 

Inlet-Valve  Closes  45  deg.  late 

Period  of  Inlet- Valve  235  deg. 

Exhaust- Valve  Opens  55  deg.  early 

Exhaust-Valve  Closes  15  deg.  late 

Period  of  Exhaust- Valve  250  deg. 

Basic  Speed,  r.p.m.  1,800 

Time  Inlet-Valve  Is  Open,  sec.  0.0218 

Time  Exhaust- Valve  Is  Open,  sec.  0.0232 

Case  1 

Two  1  9  16-In.  Inlet- Valves 

Maximum  Lift,  in.  0.590 

Mean  Lift,  in.  (see  Fig.  31)  0.361 

Area     of    Both     Annuli  ±2X  1.5625  X  3.14  X  0.361  = 

3.54  sq.  in. 
Velocity  in  feet  per  second  equals  the  cylinder  capacity 
in  cubic  inches  divided  by  12  times  the  product  of  the 
time  of  opening  in  seconds  and  the  area  of  the  valve- 
opening  in  square  inches.  Substituting  numerical 
values,  we  have 

V  —  (142.6)  -=-  (12X0.0218  X  3.54)  =154    ft.   per   sec. 
Case  2 

Two  1  9  16-In.  Inlet- Valves 

Maximum  Lift,  in.  0.590 

Mean  Annulus  Area,  sq.  in.   (see  Fig.  31)  2.420 

V=  (142.6)  H-  (12  X  0.0218  X  2.42)  =225  ft.  per  sec. 

Case  3 

Two  1  9  16-In.  Inlet- Valves 

Maximum  Lift,  in.  0.590 

Opening  Area  =  2  X  1.5625  X  3.14  X  0.59  =  5.79  sq.  in. 

Time  of  Opening  at  1800  r.p.m.  =  %  revolution 

=  %  X  1/30 

=  1/60  sec. 

V  =  (142.6  X  60)  -r-  (12  X  l.X  5.79)  =  123  ft.  per  sec. 

It  is  concluded  that  the  first  basis  of  cylindrical  annu- 
lus, mean  lift  and  true  time  of  opening  is  the  most  useful 
method  and  the  figures  given  in  Table  10  are  thus  ob- 
tained, while  the  figures  derived  from  the  other  two 
methods  used  are  included  for  the  purpose  of  comparison. 

The  tests  were  all  carried  out  with  constant  conditions 
of  blast  speed,  compression-ratio,  valve-timing,  character 
of  fuel,  oil  temperature,  and  oil  supply.  The  same  inlet 
and  exhaust-cams  were  used  throughout.  Unfortunately, 
the  rockers  used  when  only  one  valve  of  a  similar  pair 
was  in  operation  had  a  different  multiplication  than  that 
used  when  both  valves  were  working. 

The  Claudel  carbureter  employed  was  fitted  with  a 
variable  jet  by  which  the  fuel  supply  was  adjusted  in 
each  test  to  give  the  weakest  mixture  that  would  develop 
the  maximum  power.  The  fuel-consumption  figures  are  the- 
least  satisfactory  portion  of  a  somewhat  ragged  investi- 
gation, as  on  a  single-cylinder  engine  fitted  with  a  very 
heavy  flywheel  it  is  a  matter  of  some  difficulty  to  spot  the 
exact  maximum-load  mixture.  Further,  the  use  of  one 
large  carbureter  for  both  inlet-valves  is  not  altogether 
satisfactory  when  one  valve  is  cut  out.  A  carbureter  for 
each  inlet  port  would  doubtless  be  much  more  suitable. 

The  tests  were  carried  out  on  two  cylinders  which  had 
slightly  differing  performances.  The  cylinder  with  the- 
1  9/16-in.  inlet  and  the  1%-in.  exhaust-valves  had  an  in- 
ferior performance  at  speeds  above  and  below  1700  r.p.m., 
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Fig.  31 — Inlet-Valve  Lift  Diagram  for  a  1&-In.  Valve 

The  Maximum  Lift  of  the  Valve  was  0.590  In.,  and  the  Mean  Lift 

Was  61.1  Per  Cent  of  the  Maximum  or  0.361   In.     The  Mean    Area 

Through   the  Annulus   was    1.21    Sq.   In.    and   the    Net  Area    in   the 

Throat  Was  1.81   Sq.  In. 

this  being  due  to  the  fact  that  the  cast-in  valve-seat 
inserts  were  loose  when  the  cylinder  was  hot,  which 
caused  leakage  at  the  lower  speeds  and  hotter  exhaust- 
valves,  due  to  the  reduced  heat-flow  from  the  seatings  to 
the  cylinder-head,  at  the  higher  speeds.  With  all  four 
valves  in  operation,  this  design  of  cylinder  always  devel- 
oped its  maximum  brake  mean  effective  pressure  at  1700 
r.p.m.,  irrespective  of  mechanical  defects,  fuel,  timing 
and  the  compression-ratio  used ;  and  it  is  noticeable  that 
the  performance  at  this  speed  differs  only  slightly  be- 
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Fig.   32 — Results  of  Tests  Made  with  Various  Sizes  and  Com- 
binations of  Inlet  and  Exhaust-Valves 
The  Results  of  These  Testa  Are  Presented  in  Table  10 


tween  the  two  cylinders.  The  figures  given  in  the  table 
represent  the  average  of  a  number  of  tests. 

The  fuel  employed  was  a  mixture  of  80  per  cent  by 
volume  of  American  aviation  gasoline  with  20  per  cent 
of  benzol  having  a  specific  gravity  of  0.88,  the  specific 
gravity  of  the  mixture  being  0.74.  Castor  oil  was  em- 
ployed" for  lubrication.  The  Claudel  carbureter  was 
equipped  with  a  44-mm.  (1.73-in.)  choke  and  a  Type  Z 
diffuser.  The  compression-ratio  was  5.1  to  1  and  the 
blast,  which  had  a  velocity  of  87  m.p.h.,  was  applied  on 
the  exhaust-side  of  the  cylinder. 

The  valve  diameters  in  every  case  are  the  clear  diam- 
eters in  the  ports.  The  power  readings  are  all  maintained 
values  and  not  snatch  readings.  Both  the  brake-horse- 
power   and    the    brake-mean-effective-pressure    readings 
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Fig.  33 — Inlet- Valve  Lift  Diagram  for  a  lft  and  a  1%-In.  Valve 

The  Maximum  Lift  of  Both  Valves  Was  0.530  In.  and  the  Mean 
Lift  was  61.1  Per  Cent  of  the  Maximum  or  0.324  In.  The  Mean 
Area  Through  the  Annulus  for  the  1&-In.  Valve  was  1.12  Sq. 
In.  and  0.95  Sq.  In.  for  the  1%-In.  Valve.  The  Net  Areas  in  the* 
Throat  for  the  Two  Valves  Were  1.81  and  1.37  Sq.  In.  Respectively 

are  corrected  to  a  barometric  pressure  of  29.9  in.  of  mer- 
cury and  an  air  temperature  of  59  deg.  fahr.  The  cyl- 
inder-head temperatures  were  taken  at  Tff3,  the  hottest 
point  on  the  head,  and  the  exhaust-port  temperatures 
were  taken  at  the  point  TP,  the  location  of  these  points 
being  shown  in  Fig.  1.  All  temperature  readings  are  in 
fahrenheit  degrees  and  are  the  values  above  the  air  tem- 
perature. 

For  an  air-cooled  engine  the  results  appear  to  indi- 
cate that 

(1)  The  exhaust  and  the  inlet-valves  should  be  of  ap- 
proximately equal  diameter  and  have  equal  lifts 

(2)  A  mean  gas-velocity  through  the  valve  annulus  of 
from  140  to  160  ft.  per  sec,  as  calculated  on  the 

first  of  the  three  previously  mentioned  bases,  seems 


TABLE  11 — TESTS  OF  AN  AIRCO  CYLINDER 

Speed,  r.p.m.                                                     1,700  1,900 

Power  Developed,  b.  hp.                                  42.2  46.5 
Brake  Mean   Effective   Pressure,  lb.   per 

sq.  in.                                                             138  136 

Fuel-Consumption,  lb.  per  b.  hp-hr.             0.56  0.56 
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Fia.  34 — ExHAvsT-V.vi.YE  Lift  Diagram   top  a   i<.   and  a  i^-In-. 

Vvl.VB 

Maximum  Lift  Vt  U   an  Lift  was  61.5  Per 

•■  LXlmura  or  0 . 3 1; a   In       Dni     tfi  m   Area  Through  the 

Annulus  for  the  l^j-I".   Valve   Wae  l  19  Sq.  In.  and  1  .01   Sq.  In.  for 

the   l»i-In.   Valve.     The  Net   Areas   In    the  Throat    Were    1.66   and 

1.37  Sq.  In.  Respectlvelj 

to  give  the  maximum  performance  with  valves  of 
between  1%  and  1%  in.  diameter. 

The  first  conclusion  has  exceptions,  as  in  large  two- 
valve  cylinders  the  exhaust-valve  is  often  made  smaller 
than  the  inlet  for  valve-cooling  reasons  with  satisfactory 
results.  Such  an  arrangement  usually  requires  an  exces- 
sive exhaust-opening  period  to  produce  the  best  results, 
in  spite  of  running  generally  at  a  somewhat  lower  speed 
than  the  four- valve  type. 

Experience  tends  to  show  that  with  an  increase  of 
the  valve  size  the  velocity  through  the  annulus  can  be 
increased  considerably  without  affecting  the  brake  mean 
effective  pressure.  This  is  probably  due  to  the  decrease 
in  friction  in  the  port,  owing  to  the  increase  of  the  ratio 
between  the  port-area  and  the  maximum  area  in  the 
annulus,  as  is  brought  out  in  some  later  remarks  on 
the  Type  J  cylinder.  A  large  two-valve  cylinder,  having 
gas  velocities  approximating  those  of  the  four-valve 
type  used  in  the  tests,  is  very  difficult  to  produce  suc- 
cessfully. Large  valves,  if  crowded  into  the  combustion- 
chamber,  will  result  in  cooling  troubles,  and  a  decrease 
of  the  gas  velocity  by  an  increase  of  the  lift  beyond 
%  in.  generally  results  in  severe  mechanical  difficulties. 

The  conclusions  arrived  at  are  all  obtained  from 
single-cylinder  tests  in  which  large  carbureters  were 
used,  with  the  result  that#the  point  of  maximum  torque 
was  not  materially  affected  by  manifold-depression, 
as  to  the  most  efficient  gas-velocity  from 
multi-cylinder  engine  performance  may  prove  mislead- 
ing on  account  of  the  large  variations  in  the  manifold- 
depression  on  different  engines. 

It  is  not  contended  that  the  results  are  by  any  means 
quantitative  or  more  than  a  general  guide.  However,  it 
is  considered  that  the  possibilities  of  the  relatively  small 
valve  with  high  lift  are  indicated.  That  small  valves  are 
no  barrier  to  high  brake  mean  effective  pressures  is 
shown  by  the  performance  obtained  with  the  Airco  cylin- 
der at  a  later  stage  of  development,  when  the  results 
given  in  Table  11  were  obtained.  This  cylinder  had 
two  1 '  --in.  exhaust  and  two  1  9/16-in.  inlet-valves.  The 
compression-ratio  was  5.3  to  1.    No  case  of  burnt  valves 


irred  in  Beveral  hundred  hours  testing  on  this  type 
of  cylinder.  The  onlj  valve  trouble  experienced  was  the 
shearing  of  the  rim  of  the  exhaust-valve  due  to  loose 
valve-seat  inserts,  and  even  in  this  case  the  trouble  did 
not  develop  until  after  well  over  H)0  hr.  of  full-thro 
running  per  valve. 

The  type  of  tulip  valve  used  in  the  tests  is  shown  at 
the  left  of  Fig.  29,  the  material  for  the  valves  being 
13-per  cent  chromium  steel.  This  drawing  shows  the 
general  proportions  of  the  valves  used  in  air-cooled 
cylinder  development  at  the  Koyal  Aircraft  Establish- 
ment, these  being  similar  to  those  used  in  some  of  the 
best  British  water-cooled  engines.  I  have  used  the 
results  of  these  tests  as  a  basis  of  valving  for  the  design 
of  new  cylinders  with  a  fair  degree  of  success. 

The  brake-horsepower  results  shown  in  Table  10  are 
plotted  against  the  speed  in  Fig.  32.  The  lift  diagrams 
for  all  the  sizes  of  valve  used  with  various  maximum 
lifts  and  timing  are  reproduced  in  Figs.  31,  33,  34  and 
35.  The  inlet  and  exhaust  cams  used  for  all  tests  are 
illustrated  at  the  right  of  Fig.  29. 

Since  the  tests  described  were  written  up,  others  have 
been  carried  out  on  the  Type  J  cylinder  shown  in  Fig. 
7  by  the  engineering  division  and  are  of  interest  as  they 
tend  to  confirm  the  possibilities  of  relatively  small  valves 
with  high  lifts  for  air-cooled  cylinders.  The  cylinder, 
which  was  of  5%-in.  bore  and  6%-in.  stroke  and  had 
a  capacity  of  161.5  cu.  in.,  was  fitted  with  one  2'j-in. 
inlet-valve  and  one  21/t-in.  diameter  exhaust-valve,  both 
having  a  hot  lift  of  0.59-in.  The  compression-ratio  was 
5.3  to  1  and  the  blast  velocity  90  m.p.h.  The  fuel  was 
an  80-20-per  cent  gasoline-benzol  mixture. 

It  is  of  interest  to  note  that  this  cylinder  is  of  18-per 
cent  greater  capacity  than  the  Liberty  engine  cylinder 
and  has  a  similar  size  of  inlet-valve  and  an  exhaust-valve 
of  i&-in.  less  port  diameter.  In  spite  of  the  fact  that 
the  exhaust-valve  is  smaller  and  yet  passing  consider- 
ably more  gas,  and  that  the  cylinder  is  air-cooled,  the 
exhaust-valve  cooling  is  at  least  as  good  as  that  of  the 
Liberty  engine,  when  running  on  a  single-cylinder  engine 
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Fig.   35 — Exhalst-Vaj.ve  Lift  Diagram   for  lft,   l'j    .. 

Valves 

Tin    Maximum  Lift  Was  0.530  [n    and   Hi'-  Mean  T.ifi   Was  61. 5  Per 
Cent  of  the  JLaximum  or  0.326  In.  in  All  Cases 

Size  of  Valve,  in 1%  1%  lft 

llean  Area  throuch  Annulus.  sq.  in..      0.97         1.11         1.15 
Net  Area  in  Throat,  sq.  in 1.37         1.66         1.81 
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at  a  similar  brake  mean  effective  pressure,  compression- 
ratio  and  fuel-consumption. 

It  will  be  noted  that  from  Table  12  the  gas  velocities 

TABLE   12 — TEST  OF  A   TYPE   J   CYLINDER 

Speed    r.p.m.  1,450  1,550  1,650'"  1,750  1,850 

Power  Developed,  b.  hp.       38.1     41.2     44.1      46.8     48.7 
Brake    Mean     Effective 

Pressure,  lb.  per  sq.  in.    128.8  130.2  131.1    131.1  129.1 
Fuel-Consumption,     ap- 


proximate,  lb.  per  b. 

hp-hr. 
Gas     Velocity    through 

Intake,"  ft.  per  sec. 
Gas     Velocity     through 

Exhaust."  ft.  per  sec. 


0.56  0.56  0.56  0.56  0.56 
149  159  169  179  189 
157      167      178       189      200 


"  Normal  speed. 

"  Calculated  on  the  basis  of  Case  1. 


are  very  high  and  the  performance  by  no  means  poor 
for  a  cylinder  of  this  size,  whether  water  or  air-cooled. 
The  timing  used  is  of  an  extreme  character,  the  inlet- 
valve  opening  23  deg.  early  and  closing  59  deg.  late  while 
the  exhaust-valve  opens  75  deg.  early  and  closes  20  deg. 
late,  and  is  not  of  the  type  likely  to  give  very  good  idling, 
but  was  found  by  experiment  on  a  similar  design  of  cylin- 
der to  give  the  best  all-around  performance  at  full  power. 
The  power  and  the  brake  mean  effective  pressure  re- 
sults are  corrected  only  for  the  barometer.  The  mechan- 
ical efficiency  of  the  single-cylinder  test  engine  was  about 
84  per  cent  in  this  test  and  the  results  have  not  been 
corrected  up  to  a  more  normal  mechanical  efficiency.  It 
will  be  noted  from  Table  12  that  the  gas  velocities  within 
the  speed  range  shown  are  somewhat  below  that  at  which 
a  marked  reduction  in  the  brake  mean  effective  pressure 
became  apparent  on  the  Airco  cylinder.  This  velocity 
by  interpolation  was  approximately  220  ft.  per  sec. 


LETTER  BALLOT  ON  ADOPTION  OF  STANDARDS 


THE  March  1922  issue  of  data  sheets  for  the  S.A.E. 
Handbook  was  sent  to  the  members  last  month.  These 
data  sheets  contained,  with  the  exception  of  the  recom- 
mendation for  Engine  Numbers,  the  standards  and  recom- 
mended practices  revised  in  accordance  with  the  recom- 
mendations of  the  Standards  Committee  printed  on  page  383 
of  the  December  1921  issue  of  The  Journal  and  on  page  121 
of  the  February  1922  issue  of  The  Journal  and  adopted  by 
letter  ballot  of  the  voting  members  of  the  Society  on  March 
11. 

The  Council  authorized  the  withholding  of  the  recom- 
mendation on  Engine  Numbers  from  publication  in  the 
S.A.E.  Handbook,  owing  to  the  fact  that  the  proposed 
method  of  numbering  engines  so  as  to  facilitate  identifying 
stolen  automobiles  had  failed  of  its  purpose,  numbers  stamped 
in  accordance  with  the  proposed  method  being  too  susceptible 
to  alteration  by  comparatively  simple  means. 

Among  the  criticisms  submitted  in  the  letter  ballots  were 
some  from  members  who  had  not  thitherto  indicated  that 
they  were  opposed  to  the  recommendations,  although  they 
had  been  published  in  The  Journal  before.  Many  of  the 
objections  had  been  given  adequate  consideration  previously 
by  the  Divisions  when  formulating  the  respective  recom- 
mendations. 

Recommendations  of  Divisions  are  not  voted  upon  for  final 
adoption  by  the  Members  until  they  have  been  published  at 
least  once  and  generally  twice  in  The  Journal.  Further- 
more, information  is  published  under  the  heading,  Current 
Standardization  Work,  each  month  in  The  Journal  as  to  the 
work  in  progress.  This  should  enable  members  to  keep  in 
close  touch  with  the  work  of  the  Standards  Committee.  Ob- 
jections to  any  of  the  recommendations  should  be  submitted 
by  letter  to  the  Society  soon  after  the  issuance  of  The 
Journal  containing  the  respective  Division  reports,  making 
it  possible  for  objections  to  be  considered  by  the  proper 
Divisions  or  brought  up  for  discussion  at  the  Standards 
Committee  Meeting. 

Letters  containing  such  criticisms  are  referred  to  the 
Standards  Department,  which  carries  on  the  secretarial  work 
for  the  Standards  Committee,  and  are  edited  and  stenciled, 
enough  copies  being  made  for  all  the  members  of  the  Division 
or  Divisions  interested.  If  it  is  possible  to  handle  the 
criticism  by  correspondence,  comments  are  requested  from 
Division  members  and  these,  when  received,  are  distributed 


among  all  the  Division  members  with  the  request  that  they 
review  them  and  indicate  what  action  they  believe  should  be 
taken.  A  letter  ballot  is  generally  enclosed  to  facilitate  this 
proceeding.  If  the  matter  cannot  be  handled  by  correspond- 
ence, a  Subdivision  is  appointed  to  review  the  criticism  or 
it  is  scheduled  for  discussion  at  the  first  Division  meeting. 
Objections  raised  by  Society  members  are,  of  course,  given 
very  careful  consideration. 

The  complete  vote  on  the  recommendations  is  tabulated 
below.  The  first  column  gives  the  number  of  affirmative 
votes;  the  second  column,  the  negative  votes;  and  the  third, 
the  number  of  members  who  did  not  vote  either  way. 


Subject 


Tachometer  Drive 

Annular  Ball  Bearings 

Roller-Chain   Sprocket-Cutters 

Roller  Chains 

Insulated  Cable 

Starting-Motor  Flange  Mountings 

Flexible  Steel   Conduit 

Non-Metallic  Conduit 

Carbureter  Flanges 

Engine  Numbers 

Fan-Belts  and  Pulleys 

Mufflers 

Running-Board  Brackets 

Iron  and  Steel   Specifications 

Bases,  Sockets  and  Connectors 

Lamp  Glasses 

Tail-Lamps 

Non-Ferrous  Metal  Specifications 

Rod-Ends 

Taper  Fittings 

Water-Pipe  Flanges 

Lock-Washers 

Passenger-Car  Door-Handles 

Passenger-Car  Doors 

Rubber  Bushings 

Wiring  for  Beads 

Body  Nomenclature 

Pressure-Gage  Connections 

Tractor  Drawbar  Height 

Transmission  Tire-Pump  Mounting 

Clutch  Facings 

Three-Joint  Propeller-Shafts 


Not 

Yes 

No 

Voting 

107 

0 

225 

198 

0 

134 

122 

0 

210 

125 

1 

206 

155 

1 

176 

183 

2 

147 

160 

1 

171 

156 

0 

176 

169 

1 

162 

165 

9 

158 

165 

3 

164 

159 

5 

168 

144  ' 

3 

185 

140 

1 

191 

159 

0 

173 

163 

0 

169 

163 

1 

168 

170 

0 

162 

189 

0 

143 

183 

1 

148 

177 

0 

155 

197 

2 

133 

116 

0 

216 

119 

0 

213 

124 

0 

208 

121 

1 

210 
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0 

155 

99 
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230 

177 
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155 

176 
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155 

127 
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CHARGE  FOR  TRANSACTIONS  DEFERRED 

ACTK  >N  TAKEN  BY  C< >l  WCIL  AT  ITS  MARCH  MEETING 
DISTRIBUTION  RESTRK  TED  TO  MEMBERS  ORDERING  (  OPIES 

ATTENTION  was  railed  in  the  February  issue  of  THE  Journal  to 
the  action  contemplated  with  regard  to  eliminating  unjustifiable 
expense  In  connection  with  the  printing  and  distribution  of  certain 
publications  of  the  Society.  At  its  meeting  held  in  March,  the  Council, 
in  view  of  sentiment  expressed  by  some  of  the  members,  decided,  under 
authority  granted  by  the  Constitution,  to  restrict  the  issuance  of  the 
TRANSACTIONS  for  the  last  half  of  1920  and  for  the  years  1921  and  1922 
to  members  ordering  them. 

It  was  considered  that  this  action  will  meet  any  implied  obligations  as 
a  result  of  statements  in  membership  literature  of  the  Society.  The 
Council,  nevertheless,  feels  that  inasmuch  as  the  TRANSACTIONS  are  a 
duplication  of  matter  published  in  The  Journal,  the  free  distribution  of 
both  permanently  would  be  unjustifiable,  and  therefore  beginning  with 
Part  I  of  Vol.  18  (1923)  a  nominal  charge  of  $2  per  part  of  TRANSACTIONS, 
to  cover  the  expense  of  publication,  will  be  made  to  those  members  who 
still  desire  them.  The  charge  to  non-members,  except  in  the  case  of  cer- 
tain public  and  engineering  libraries   and  Government  bureaus,  is   $10. 

Part  II  of  Vol.  15  (1920).  the  two  Parts  of  Vol.  16  (1921)  and  the  two 
Parts  of  Vol.  17  (1922)  will  be  sent  without  charge  in  addition  to  respec- 
tive dues  to  members  requesting  them  within  60  days  of  notice  to  order, 
which  will  be  given  in  due  course  in  all  cases.  A  notice  of  the  time  to 
order  Part  II  of  1920  TRANSACTIONS  was  mailed  the  members  last  month. 
A  request  form  is  also  printed  on  the  following  page  hereof. 

There  has  been  no  increase  in  the  amount  of  specified  annual  dues,  com- 
mensurate in  any  way  with  the  increased  expense,  during  the  growth  of 
the  Society  in  the  past  lb'  years  from  a  body  of  100  or  200  to  a  world-wide 
organization  of  approximately  5500  members.  Meantime  the  publications 
and  the  service  afforded  the  members  have  increased  greatly  in  kind  and 
quantity.  Originally  practically  the  only  publication  furnished  the  mem- 
bers was  the  old-style  Transactions.  Then  the  S.  A.  E.  Handbook  was 
inaugurated,  this  being  a  semi-annual  publication  carrying  no  extra  charge, 
for  which,  so  far  as  is  known,  there  is  no  parallel  among  engineering 
societies.  In  addition  the  BulU  tin  was  instituted,  this  having  been  super- 
seded several  years  ago  by  The  Journal.  Sections  of  the  Society  have  been 
organized  in  increasing  number.  Recently  the  Research  Department, 
which  obviously  will  be  oi  much  value  to  the  members,  was  established. 
For  many  years  the  Standards  Department  has  been  maintained  and  en- 
larged steadily  in  scope. 

The  cost  per  member  for  the  work  of  the  Society  now  exceeds  $30  a 
year,  excluding  the  cost  of  advertising  and  miscellaneous  sales  and  mem- 
bership-increase activity.  The  annual  dues  average  less  than  $15  per 
member.  The  furnishing  of  the  next  five  Parts  of  the  TRANSACTIONS  to 
the  members  without  extra  charge  probably  means  that  the  reserve  funds 
of  the  Society  will  have  to  be  drawn  upon  to  a  considerable  extent. 
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Special  Notice 


TRANSACTIONS,  PART  II  OF  VOL.  15  (1920). 


To  Those  Who  Paid  Dues  for  the  Second  Half  of  the  Fiseal  Year 
Beginning  Oct.  1,  1919: 

The  Council  has  directed  that  members  shall  be  charged  two  dollars  ($2)  per  Part  of 
Transactions  of  the  Society,  beginning  with  Part  I  of  Vol.  18  (1923).  For  further  information 
on  this  matter  see  page  261  this  issue  of  THE  JOURNAL. 

Part  11  of  Vol.  15  (1920),  the  two  Parts  of  Vol.  16  (1921)  and  the  two  Parts  of  Vol.  17 
(1922)  will  be  sent,  without  charge  in  addition  to  payment  of  respective  dues,  to  members  on 
request,  if  request  is  received  by  the  Society  within  60  days  from  date  of  notice  to  order. 

A  notice  to  order  Part  II    of   1920  Transactions  was  mailed  to  the  members  on  March  20, 

I'Uj 

The  printing  order  will  be  based  on  the  number  of  copies  ordered  by  the  members. 

Copies  cannot  be  guaranteed  to  members  who  do  not  order  them  on  or  before 

May  20,   1922 

If  you  want  a  copy  of  Part  II  of  the  1920  Transactions  and  have  not  already  sent  an  order 
for  the  same  to  the  office  of  the  Society,  please  tear  out  and  mail  the  coupon  printed  below 
promptly. 


Society  of  Automotive  Engineers,  Inc. 
29  West  39th  Street 
New  York  City 

Please  enter  my  order  for  a  copy  of  Transactions  Vol.  15,  Part  II  (1920). 


Date  S.  A.  E.  Member 
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A  Service-Man's  Critical  Estimate  of 
Automotive  Engineering 


By  \\.  M.  Iki  i.i 


(  iiu  igo  Si  k\  [i  i  Meeting  Papi  r 


Illustrated  With  Pi<\\\  ings 


A!   rER   generalizing  on  con- 

sideration  in   automobile   desigi  rvice  and 

maintenance    requirements,    the    author  the 

easibility  of  car  parts  at  some  length  with  the  idea 
of  pointing  nut  difficulties  encounter*  sta- 

tion mechanics  when  parts  are  inaccessible,  this  having 
a  bearing  also  on  the  length  of  time  required  for  re- 
pair work  and  the  consequent  increase. 1  cost  to  the  car 
owner. 

Specific  instances  are  given  and  illustrated  in  which 
improvements  in  design  could  be  made  to  obviate 
trouble.  These  are  inclusive  of  cylinders,  cylinder 
blocks,  pistons,  bolts,  cap-screws,  nuts,  valves,  dash- 
board instruments  and  genera!  take-up  adjustment. 
Special   emphasis    is    placed    upon    certain    inaccessible 

rta   that   necessitate   excessive    dismantling. 

IT  is  gratifying  to  those  engaged  in  the  maintenance 
of  automotive  vehicles  that  designers  are  giving  more 
attention  to  accessibility  of  the  units  in  the  modern 
motor  car.  We  are  beginning  to  see  the  day  when  car 
parts  will  be  so  accessible  that  one  unit  can  be  removed 
readily  without  necessitating  the  disturbance  of  other 
units.  The  time  will  come  when  a  car  owner  will  not  be 
required  to  pay  a  bill  of  some  $35  to  have  a  10-cent  Wood- 
ruff-key put  into  a  shaft  and  gear.  Cars  now  are  being 
built  so  that  a  relatively  inexperienced  mechanic  can  make 
a  coupling  replacement  on  a  magneto  or  distributor  drive 
without  danger  of  upsetting  the  timing.  It  must  be  made 
possible  for  a  mechanic  to  get  at  a  repair  job  in  a  normal 
working  position  in  the  cars  to  come,  as  against  a  condi- 
tion requiring  him  to  twist  his  body  and  aims  into  almost 
unbelievable  shapes.  Operations  that  formerly  required 
4  hr.  to  do  must  be  cut  in  half.  It  may  mean  only  the 
changing  of  the  position  of  a  bolt  to  make  it  more  ac- 
cessible, or  the  provision  of  a  little  more  room  between 
any  two  units  to  allow  a  mechanic  to  get  at  the  parts. 

.Much  has  been  said  and  written  of  late  about  the  fixed 
price  or  flat-rate  system  of  selling  service  to  the  car 
owner.  It  is  not  within  the  province  of  this  paper  to 
discuss  the  flat-rate  system,  except,  perhaps,  to  mention 
that  it  is  rapidly  getting  a  good  foothold  throughout  the 
Country  and  it  would  not  be  surprising  to  see  it  used 
universally  within  the  next  3  or  1  years.  However,  it  is 
certain  that  the  general  adoption  of  the  flat-rate  system 
can  be  hastened  greatly  if  automotive  engineers  and  car 
builders  will  design  and  build  their  cars  so  that  justifi- 
able prices  can  be  established  readily  for  any  given  oper- 
ation. 

One  of  the  chief  difficulties  with  many  of  our  cars  at 
present  is  that  on  a  comparatively  insignificant  repair 
job  many  hours  of  labor  are  required  to  remove  and  re- 
place units  before  the  job  itself  can  be  done  and  the  car 
turned  over  to  the  owner.     Under  such  conditions  it  is 
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extremely  difficult  for  a  service-station  to  establish  a 
fixed  price  that  seems  commensurate  with  the  nature  of 
the  job.  How,  for  instance,  can  a  service-man  explain 
to  a  car  owner  that  23  hr.  of  labor  was  necessary  to  take 
up  the  wear  in  a  rear  main-bearing  on  one  of  the  popular- 
priced  cars,  whereas  it  should  be  but  a  matter  of  about 
3  or  4  hr.  ordinarily 7  The  time  element  in  making  re- 
pairs is  important.  Very  often,  the  parts  to  be  installed 
cost  only  $1  or  $2,  but  the  time  required  to  install  them 
is  so  great  that  the  price  for  the  work  is  out  of  propor- 
tion. One  funis  frequently  in  analyzing  this  situation 
that  the  car  makers  could  so  materially  reduce  the  time 
element  for  service  operations  on  their  cars,  by  spend- 
ing a  few  cents  more  per  car,  that  automobile  dealers 
and  service-men  would  not  need  to  resort  to  all  sorts  of 
means  in  trying  to  keep  customers  satisfied  -with  their 
cars.  Interference  of  parts  has  been  the  chief  obstacle  in 
getting  certain  repair  jobs  down  to  a  reasonable  time- 
basis,  and  many  a  service  manager  has  had  to  make  an 
endless  amount  of  explanation  for  this  to  some  irate  car 
owner.  Someone  has  said  that  "Knowledge  of  the  other 
fellow's  job  leads  to  a  better  mutual  understanding." 
Perhaps  there  is  a  direct  application  of  this  in  the  case 
of  the  automobile  engineer  and  the  automobile-dealer's 
service-man.  The  easiest  thing  for  the  service-man  to  do 
is  to  antagonize  the  product  of  the  engineer  and,  like- 
wise, it  is  easy  for  the  engineer  to  criticize  the  service- 
man for  his  apparent  lack  of  ability  to  do  repair  work 
properly.     Both  are  right  at  times. 

All  of  us  realize  that  there  are  many  intelligent  service 
mechanics  in  the  automotive  business,  men  to  whom  auto- 
mobile dealers  are  indebted  for  holding  the  good-will  of 
their  customers.  Many  of  these  men  have  enough 
engineering  knowledge  to  be  able  to  analyze  the  faults  in 
a  car  intelligently  and  do  it  in  such  a  way  that  the  owner 
of  the  car  will  not  be  completely  disgusted  over  having 
bought  it.  Service  mechanics  have  to  tear-down  and  re- 
build cats  day  in  and  day  out  and,  in  the  course  of  their 
work,  they  naturally  come  into  contact  with  certain 
things  in  the  construction  of  cars  that  are  troublesome. 
A  mechanic  of  great  experience  said  a  short  while  ago 
that  the  best  thing  the  factories  ever  had  done  for  the 
dealers'  service  departments  was  to  make  good  liars  out 
of  the  men  employed  therein.  Perhaps  this  man  over- 
stepped the  mark  somewhat;  his  point  was  that  the  me- 
chanics, while  they  realized  well  enough  the  faulty  con- 
struction or  inaccessibility  of  certain  units,  would  not 
and  could  not  tell  the  car  owner  about  them  for  fear  of 
putting  future  sales  in  jeopardy. 

Accessibility 

It  is  impossible  in  a  paper  of  this  kind  to  consider  the 
entire  structure  of  a  motor  car  and  attempt  to  cite  good 
and  bad  points  of  design  as  they  affect  accessibility  in 
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repair  work.  It  is  realized  fully  that  to  change  existing 
constructions  on  some  of  our  cars  would  mean  almost  a 
complete  retooling  of  the  factory;  the  installation  of  new 
jigs,  fixtures,  dies  and  the  like.  Therefore,  any  criticism 
in  the  following  paragraphs  which  may  be  directed  at 
engines  or  cars  is  offered  with  this  point  in  view.  The 
major  thought  is  to  indicate  the  things  of  which  service- 
station  mechanics  complain  most  frequently,  when  they 
have  to  tear-down  or  reassemble  any  of  the  units.  It  is 
likely  that  we  shall  never  have  100-per  cent  accessibility 
in  our  cars.  A  motor  car  is  made  up  of  just  so  many 
necessary  units  and,  if  we  make  some  certain  one  ac- 
cessible, this  probably  will  have  been  done  at  the  expense 
of  the  accessibility  on  some  other.  Also,  certain  units  may 
seem  very  accessible  at  the  time  of  assembling  the  chassis 
in  the  factory  but,  when  body  and  fenders  are  added,  the 
reverse  is  true.  It  is  this  condition  with  which  the 
service-station  has  to  deal.  Recently,  I  looked  at  an  en- 
gine that  was  very  accessible  out  of  the  car  and  when  in 
an  engine  stand  but,  when  in  the  car,  the  engine  was 
hung  so  low  and  had  so  many  accessories  heaped  around 
it,  such  a  multitude  of  wires,  control  rods,  carbureter  hot- 
air  pipes  and  the  like,  to  obstruct  the  movements  of  the 
mechanic,  that  all  the  efforts  of  the  engine  designer  to 
get  accessibility  were  nullified. 

Some  25  items  peculiar  to  a  considerable  number  of 
American  cars  are  touched  upon  in  the  following  para- 
graphs. These  were  chosen  at  random  and  exist  in  vary- 
ing degree  on  other  makes  of  car.  Some  of  the  things 
discussed  cannot  be  classed  under  the  general  head  of 
either  accessibility  or  inaccessibility,  and  yet  they  are 
problems  with  which  the  service  mechanic  must  come  into 
contact  more  or  less  every  day. 

Opinion  has  been  prevalent  among  repair-men,  service 
mechanics  and  cylinder  regrinders  during  the  last  year 
or  so,  that  the  blocks  have  not  been  allowed  to  age  enough 
before  machining  them.  The  same  is  true  of  cylinder- 
heads.  Naturally,  the  result  is  a  warping  of  these  parts 
when  the  car  is  put  into  use.  The  chief  offenders  along 
this  line  seem  to  be  the  six-cylinder  engines,  wherein  the 
blocks  are  fairly  long  and  therefore  apt  to  distort  more 
than  would  be  the  case  with  a  shorter  block.  Those  who 
are  called  upon  to  do  much  cylinder  work  in  service- 
stations  state  that  one  of  the  chief  difficulties  with  the 
small  six-cylinder  engine  is  the  ineffective  cooling  of  the 
cylinder  walls  at  certain  points.     Referring  to  Fig.   1, 
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Fig.    1 — Section    of    a    Six-Cylinder    Block    Showing    How    the 
.     tim    Points  a.  B,  C    vnd   D  \\  irps  Owing  to  Heat  and 
the    Lack    of   Water   Space 


Fig.  2 — The  Wear  of  the  Cylinder  Wall  Is  Lessened  Where  the 
Piston  Extends  Above  and  Below  the  Bore  and  the  Latter 
Arrangement  Gives  the  Oil  a  Chance  To  Be  Shaken  Off  the 

Piston 

it  is  seen  that  the  water  surrounds  cylinders  Nos.  1,  3, 
4  and  6  more  completely  than  it  surrounds  Nos.  2  and  5. 
The  result  is  that  the  metal  of  the  walls  at  the  points 
A,  B,  C  and  D  gets  hotter  in  proportion  to  the  other 
parts  of  the  walls;  consequently,  it  is  apt  to  buckle 
slightly.  This  condition  is  made  more  aggravating  in  a 
green  block,  and  a  service-station  mechanic  obviously  has 
much  difficulty  in  trying  to  solve  such  a  problem  when  the 
car  probably  has  not  gone  over  1000  miles.  This,  then, 
is  a  case  in  which  the  manufacturer  must  do  his  part, 
either  by  sufficient  aging  of  the  blocks  or  by  heat-treat- 
ing them,  which  is  costly.  A  service-station  mechanic 
may  be  ever  so  good  a  workman,  but  he  can  do  little  with 
a  twisted  or  distorted  cylinder-block  and,  what  is  worse, 
he  has  a  harder  time  trying  to  explain  matters  to  the 
customer. 

Pistons 

In  some  engines  the  pistons  do  not  come  slightly  out 
of  the  bores  at  their  top  and  bottom  positions  of  the 
stroke,  and  there  is  a  tendency  at  times  for  the  pistons 
to  wear  shoulders  in  the  top  and  the  bottom  of  the  bores 
as  shown  in  Fig.  2.  The  wearing  of  these  shoulders  is 
accelerated  when  the  piston  cocks  in  the  cylinder,  due  to 
warpage,  misalignment  and  other  causes.  Some  engine 
designers  are  fitting  longer  pistons  to  offset  this  and,  in 
addition,  they  are  bringing  them  above  and  below  the 
cylinder  bores.  Further,  it  is  claimed  that  bringing  the 
piston  below  the  bore  offers  a  good  chance  for  excess  oil 
to  be  whipped-off  of  the  piston-skirt.  Naturally,  the  ser- 
vice mechanic  is  not  in  a  position  to  change  existing  de- 
sign conditions  in  an  engine  but,  if  the  maker  gives  the 
right  thought  to  cylinder  blocks,  pistons  and  rings,  the 
service-man  is  much  better  able  to  cope  with  so  called 
oil-pumping  engines,  the  fouling  of  spark  plugs,  and  ths 
like. 

Bolts,  Cap-Screws  and  Nuts 

In  tracing  out  some  of  the  more  flagrant  cases  of  in- 
accessibility, we  find  that  thousands  of  dollars  and  hours 
of  labor  could  be  saved  annually  in  the  upkeep  of  cars  if 
makers  would  locate  bolts,  cap-screws  and  nuts  so  that 
mechanics  could  use  speed-wrenches  on  them  more  read- 
ily. A  double-end  wrench  generally  will  do  better  work 
than  a  monkeywrench,  but  the  speed-wrench  that  has  a 
socket  incorporated  in  it  to  fit  over  a  nut  or  cap-screw 
completely  is  best  of  all,  not  only  in  securing  a  good  hold 
but  in  reducing  the  time  required  to  remove  or  replace  it. 
The  most  common  difficulty  in  this  connection  is  that  bolt- 
heads  or  nuts  are  placed  too  close  to  fillets  or  to  surfaces 
running  at  right  angles  to  the  top  and  the  bottom  of  the 
nut,  as  shown  in  Fig.  3.     This  means  that  a  mechanic 
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cannot  get  at  the  nut  or  bolt  with  a  Bocket-wrench  and 
therefore  must  use  something  else.  This  is  made  • 
dally  difficult  where  nuts  are  exposed  to  mud  and  water, 
axle  spring-clips.  A  recent  test  on 
the  removal  of  nuts,  which  had  become  more  or  less 
rusted  to  the  clips,  showed  that  it  required  almost  2  min. 
e  the  nut  with  a  double-end  open-wrench.  On 
another    car,    where    the    layout    permitted    the    use   of   a 

Let-wrench,  the  same  size  of  nut   was  removed  in 
than     j  a  min.     There  are  other  places  on  the  chassis 
where  nuts  and  holts  are  placed  in  position,-,  awkward  to 
reach.    Thus,  eases  are  on  record  where  spring-bolts  can- 
eached   with   either  an   open-end   or  a   socket 
wrench  '•  if  the  interference  •<(  mufflers,  brake- 

Bting  rods  and  the  like.  In  one  instance  the  maker 
had  not  provided  sufficient  opening  in  the  running-board 

-tier;  so,  to  remove  the  holt  in  the  front  of  the  rear 
spring  it  was  oecessarj  to  take  off  the  running-board  and 
splasher.  The  hole  in  the  splasher  was  just  large  enough 
to  permit   lubrication;   it    would   not    allow  the   complete 
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withdrawal  of  the  bolt?  How  can  a  repairman  explain 
to  a  customer  that  it  is  necessary  to  charge  him  for  re- 
moving and  replacing  the  running-board  and  splasher  to 
install  a  new  bolt? 

Valve  Adjustmi 

One  of  the  most  frequent  jobs  in  a  servii  on  is 

that  of  valve  adjusting  or  grinding.  Valves  are  acces- 
sible in  general,  except  that  the  \  the  extreme 
of  the  set  on  some  L-head  engines  are  so  close  to 
the  walls  of  the  valve-chamber  that  adjustment  is  diffi- 
cult because  the  mechanic  cannot  jrive  a  good  swing  to  the 
wrenches.  Fitting  a  longer  valve-chamber  cover  would 
allow  the  wrenches  to  sweep  over  a  wider  range. 

Dashboard  Instruments 

When  the  word  "inaccessible"  is  mentioned  to  a  service 
mechanic,  among  the  first  things  he  thinks  of  are  the 
disposition  of  the  instruments  on  the  dash  and  the  man- 
ner in  which  they  are  connected.  It  would  cost  but  a  few 
cents  more  per  car  to  install  somewhat  longer  wires  on 
the  switch,  ammeter  and  fuse-block,  slightly  longer  cop- 
per tubing  on  the  oil-gage  and  longer  choke  wire;  but 
this  would  mean  a  vast  saving  of  time  in  the  service- 
station,  because  it  would  permit  the  mechanic  to  remove 
the  panel  usually  having  the  instruments  mounted  upon 
it,  withdrawing  the  whole  assembly  to  a  comfortable 
working  position,  such  as  is  shown  in  Fig.  4.  As  it  is 
now,  a  mechanic  must  twist  his  body  into  every  sort  of  a 
shape  to  get  behind  the  instrument-board.  It  is  ever, 
worse  when  there  is  a  tank  in  the  cowl  because,  very 
often,  the  tank  must  be  removed.    It  seems  that  a  hinged 
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instrument-hoard  is  worthy  of  consideration  by  the  car 
builder,  because  it  would  make  il  unnecessary  even  to  re- 
the  instruments  to  inspect  them.  It  would  not  lie 
necessary  to  have  the  entire  board  on  hinges;  in  fact, 
oJ  it  probably  would  need  to  be  kept  stationary  to 
upport  the  steering-column  as  is  done  in  most  cars  now. 
In  connection  with  making  the  wires  more  accessible, 
mention  is  made  of  the  desirability  of  allot ing  definite 
colors  to  certain  electric  circuits,  so  that  the  same  circuit 
could  be  identified  readily  on  every  make  of  car,  once  a 
man  knew  which  circuits  the  colors  indicated.  As  it  is 
now.  it  is  difficult  tor  a  mechanic  to  trace  out  a  circuit 
when  there  are  from  5  to  8  wires  coming  out  of  a  piece 
of  circular  loom,  all  wires  having  the  same  color  and 
appearance.  Wiring  diagrams  are  not  always  available 
and  the  problem  often  becomes  acute  in  shops  where  all 
makes  of  car  are  worked  upon.  For  instance,  as  shown 
in  Fig.  5,  if  a  mechanic  knew  that  all  black  wires  desig- 
nated the  starting-motor  circuit;  red  wires,  the  ignition; 
green  wires,  the  lamp  circuits;  yellow  wires,  the  gener- 
ator, ammeter  and  battery  circuits;  and  blue  wires  the 
horn  circuit,  his  problem  would  be  lessened  immeasur- 
ably. Many  will  recall  that  in  former  years  one  maker 
il  ignition  system  used  red,  yellow  and  green  wires 
on  the  magneto  and  coil,  and  that  the  units  were  marked 
with  the  letters  A',  Y  and  G  to  show  just  where  the  con- 
nections were  made.  Some  makers  are  using  colored  in- 
sulation on  the  wires  for  the  various  circuits,  but  no 
attempt  has  been  made  at  standardizing  the  colors  for 
all  cars. 

General  Take-up  Adjustment 

Much  of  the  work  in  a  service-station  is  devoted  to 
eliminating  squeaks  and  rattles,  some  of  which  are  diffi- 
cult to  locate  at  times.  One  car  has  a  tube  extending 
across  the  frame  at  the  rear  of  the  car.    On  the  inside  of 

this  tube  is  a  rod  threaded  at  both  ends  so  that  the  whole 
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Fio     5 Diagram    Showing    a    Suggested    Standardized   Color 

Scheme  tor  the  Insulation  op  the  Various  Electrical  Circuits 
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assembly  can  be  tightened  by  drawing  up  on  the  nuts  on 
the  outside  of  the  frame.  The  tube  also  supports  the 
tire-carrier.  There  is  just  enough  play  between  the  rod 
and  the  inside  of  the  tube  so  that  the  rod  vibrates  at 
certain  car  speeds,  strikes  the  walls  of  the  tube  and,  be- 
cause the  tire-carrier  acts  much  like  a  sounding-board, 
sets  up  a  decidedly  unpleasant  rattle  that  is  very  difficult 
to  locate.  A  slight  kink  given  to  the  rod  overcomes  this. 
Body  squeaks  are  common,  but  frequently  they  can  be 
overcome  by  tightening  the  body  bolts.     Here,  however, 


Fig.  G — Brake  Rocker  Shaft  Construction  Showing  a  Good 

Example  of  Means  for  Taking  Up  Rattle 

The  Slight  Longitudinal  Play  between  the  Shaft  and  the  Tube  Also 

Insures   Good  Lubrication 

difficulty  sometimes  is  encountered  in  that  the  maker  has 
used  common  carriage-bolts  sunk  into  the  body  sills.  The 
nuts  on  these  bolts  often  get  rusted  in  place  and,  when 
the  mechanic  attempts  to  tighten  or  slacken  the  nut,  the 
entire  bolt  turns  and  there  is  no  way  for  the  mechanic 
to  get  hold  of  the  head  of  the  bolt.  Sometimes  the  bolt 
can  be  reached  but,  in  such  cases,  nothing  is  gained  unless 
a  square-head  or  a  hexagon-head  bolt  is  used.  In  most 
cases,  also,  the  body  bolts  extend  through  the  top  flange 
of  the  frame  only.  This  often  makes  the  use  of  a  socket- 
wrench  impossible,  especially  when  units  like  the  muf- 
fler are  placed  alongside  the  frame  at  this  point.  Where 
a  body  bolt  is  extremely  difficult  to  get  at,  a  hole  drilled 
in  the  bottom  flange  probably  would  allow  quick  access 
to  the  nut. 


S— an  Example  of  How  the  Dash-Board  Interferes   with 
Attempts  to  Remove  the  Vacuum  Tank 


Pig.  7 — Some  Typical  Examples  of  Faultt  Car  Design  from  the  Viewpoint  of  the  Service-Man 
In  Many  Cases  the  Steering  Gear  Cannot  Be  Removed  Because  the  Gear  Housing  Strikes  the  Engine  Crankcase.  The 
ning  of  Bnrtv  Bolts  Is  une  of  the  Repairman's  Chief  Difficulties  because  the  Entire  Bolt  Turns  when  the  Nut  Uets 
Rusted  or  In  Oni  Cai  when  the  Temperature  of  the  Atmosphere  Is  About  30  Deg.  Condensation  Caused  by  Warm  Air 
i'. .mine  Up  Through  the  Distributor  Shaft  Housing  and  the  Cold  Air  by  the  Fan.  Takes  Place  in  the  DistributorHousine 
and  Watei  Must  i;  Wiped  out  about  Everv  30  Miles.  Brake  Bands  Are  So  Thin  on  Some  Cars  That  when  They  Are 
Relined  Each  Blow  of  the  Hammer  Produces  a  Flat  Spot.  The  Illustration  in  the  Lower  Right  Corner  Shows 
Placed   Inside  of  the  Tube  That  Often  Causes  an  Annoying  Rattle   and  One  Difficult   to  Locate 
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Fig.  6  .--hows  the  method  used  by  one  company  to  over- 
come rattle  in  the  brake-operating  shafts.  Here  a  shaft 
is  placed  inside  a  tube,  the  shaft  operating  one  set  of 
brakes  and  the  tube  the  other.  A  coiled  spring  A  i3 
place*!  etwees  the  arm  />'  attached  to  the  shaft  and  the 
tube  (.'.  The  result  is  that  any  end-play  is  taken  up 
automatically.  The  slight  amount  of  end-play  existing 
and  held  in  check  by  the  spring  further  helps  to  lubricate 
the  surfaces  by  virtue  of  the  lateral  movement. 

Removal  of  the  steering-gear  is  not' tile  easiest  job  on 
most  of  our  cars.  The  redeeming  feature  here  is  that 
this  job  is  not   frequent.     Thi  removal  becomes 

relatively  easy  when  the  gear  is  mounted  on  top  of  the 
frame,  but  when  mounted  in  the  side  of  the  frame  the 
chief  difficulty   lies  in  the   fact   that    the  distance   .1 


Fio.   9 — Two   Difficulties   Frequently   Encountered   in   Making 

Repairs  on  the  Fi  if  a  Cab 

In  the  View  of  the  Fan  Pulley  Layout  at  the  Left  the  Dotted  Line 
Show  Be  Followed  i  >   the  Fai    Belt  In  I'mmm  i 

The   Ditliculty    in    Getting   at    the    Radiato  IE    Nut    with    a 

Socket   Wrench   Is   Illustrated  at   the   I:  - 

shown  in  Fig.  7  is  less  than  the  distance  B.  In  other 
words,  the  engine  does  not  permit  the  withdrawal  of  the 
gear-housing  and  the  drop-arm  shaft.  The  latter  gener- 
ally can  be  removed  by  loosening  the  engine  in  the  frame 
or  dismantling  the  gear. 

We  have  seen  much  better  brake  layouts  within  the  last 
year  or  so,  and  much  has  been  done  to  make  adjustments 
easier.  However,  one  criticism  of  brakes  is  that  some 
makers  are  inclined  to  use  stock  for  the  contracting  band 
that  is  too  light.  This  does  not  hold  its  shape  as  well  as 
a  heavier  band;  often,  when  brake-lining  is  riveted  to 
such  a  band,  the  band  will  assume  the  shape  of  a  polygon, 
caused  by  the  hammer-blows  at  each  point  of  riveting. 
Obviously,  such  a  brake-band  will  not  be  as  efficient  a3 
one  which  comes  close  to  being  a  true  circle  when  en- 
gaged with  the  drum. 

Inaccessible  Parts  Necessitating  Dismantling 

Something  might  be  said  regarding  the  installation  of 
vacuum  tanks.  It  it  difficult  for  service-men  to  under- 
stand why  any  maker  should  hide  the  tank  in  the  cowl. 
Although  vacuum  tanks  give  very  little  trouble,  there  are 
times  when  they  must  be  removed  and  there  does  not 
seem  to  be  any  good  reason  why  the  tank  should  not  be 
mounted  on  the  engine  or  at  least  on  the  engine  side  of 
the  dashboard.     The  tank  on  one  car  is  mounted  in  the 


I  iyout   on   an   American   Car 

In    Tl  I     MUSI     Be    Taken   Oft,    Uie    Fan 

I  'ulli  Timing  G r  Ri  moved   and    thi 

tore  the  Generator  ami   the  Shaft  Can   Be   l'ush.i   Oui    nf 

latter  position,  but  the  bolts  have  been  located  so  inac- 
cessibly that  it  is  virtually  impossible  to  remove  the 
tank.  This  is  illustrated  in  Fig.  8.  The  plan  of  mount- 
ing the  tank  on  the  engine  seems  to  be  working  out  very 
well,  inasmuch  as  the  tank  vibrates  with  the  engine  in 
this  case  and  there  is  little  danger  of  having  the  fuel  lines 
crack-off  because  of  differences  in  vibration  that  often 
occur  when  the  tank  is  located  on  the  dash.  Also,  there 
might  be  a  more  general  use  of  coils  in  the  copper  tubing 
to  absorb  vibrations. 

Probably  the  greater  share  of  service  work  is  on  en- 


Fig.   11 — Sectional  Elevation  of  a    Flywheel  That  Cannot  Be 
Removed  Until  the  Cuankcase  Is  Dropped,  the  Connecting-rods 

CONNECTED    AND    THE    Main    HEARING    CAPS    REMOVED 
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Fig.    12 — It   Is   Difficult  To   Insert  the   Self-Aligning   Bearing 

Used  on  the  Clutch  Pilot  Shaft  because  the  Bearing  Tilts  in 

the  Flywheel 

gines.  A  few  cases  will  be  cited  in  this  connection  in 
which  a  little  thought  on  the  part  of  the  engine  designer 
will  be  of  great  benefit  to  the  service-station  mechanic. 
The  job  of  installing  a  fan-belt  very  often  runs  into  con- 
siderable cost  because  of  the  slight  clearance  allowed  be- 
tween the  fan  pulley  and  the  radiator.  Fig.  9  shows  this 
situation  as  it  exists  on  one  of  the  popular  cars.  The 
dotted  line  shows  the  course  which  must  be  followed  bv 


the  fan-belt  when  installing  it  on  the  pulley.  This  car 
uses  a  heavy  V-belt  and  there  is  insufficient  room  between 
the  radiator  and  pulley  to  allow  it  to  pass.  This  means 
the  loosening  of  the  radiator,  which  mechanics  are  loath 
to  do  on  this  particular  car  because  of  the  difficulty  of 
getting  the  nuts  back  on  the  radiator  studs.  The  illus- 
tration shows  why.  A  hole  is  provided  in  the  bottom 
flange  of  the  cross-member  carrying  the  radiator,  but  a 
socket-wrench  cannot  be  used  because  the  hole  is  in  a 
direct  line  with  the  I-beam  of  the  axle.  Consequently, 
the  wrench  enters  at  an  angle  and  cannot  strike  the  nut. 
The  remedy  seems  to  lie  in  using  a  longer  bolt  extending 
through  the  bottom  flange,  with  a  spacer  between  the 
two  flanges. 

On  still  another  make  of  car  the  radiator  must  be 
drained,  the  hood  removed,  the  radiator  stay-rod  discon- 
nected, the  hose  connections  broken  and  the  radiator  re- 
moved to  take  the  generator  off.  This  is  necessary  be- 
cause the  generator  is  mounted  on  the  back  of  the  timing- 
gear  case  with  its  shaft  extending  through  the  case  and 
having  the  fan  pulley  mounted  on  the  other  end,  as  shown 


Fig.    13 — Two   Examples   of   Pump   Installation 

The   Pump   at  the  Left   Has   Been   Placed   on    an   Extension   of  the 

Crankshait  and   Is  Difficult   to  Get   At   for  Packing  the  Gland.     The 

Pump  at  the  Right    is   Readily  Accessible 


J  u 


Fig.   14 — Typical  Examples  of  Bearing  Layouts 
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in  Fig.  H».    The  fan  pulley  must  lie  pulled  nil',  and 

rator  drive-gear  removed,  before  the  •.  can 

ipped  ou  ■  ion.    li  appears  tl  hing  like 

■  lldham  coupling  shouli  i  ner- 

and  tlie  drive-gear,  bo  that  the  generator  could  be 

slipped  out  of  position  without  affecting  the  oilier  units. 
The  reason  the  radiator  must  come  oil'  is  that  there  is 
not  enough  room  between  il  and  the  end  Of  the  shaft  to 
allow  the  fan  pulley  ami  the  gear  to  he  slipped  oil'. 

On  one  engine  used  in  a  Dumber  of  light  ears,  the  main 
and  connecting-rod  bearing-caps  must  he  removed  and 
the  crankshaft  and  flywheel  dropped  as  a  unit  before  the 
flywheel  can  he  taken  off.  This  was  observed  recently  in 
r\  ice-station  where  a  ear  using  this  engine  came  in 
with  several  of  the  flywheel  teeth  stripped.  Fig.  11  shows 
why  the  lower  erankease  needs  to  he  removed,  the  b 
injis  disturbed  and   the  shall    and   the   flywheel   taken  off 

her.     The  flywheel  housing  Follows  'lie  contour  of 

the  wheel  too  closel]  and  is  further  dropped  at  the  open 
end,  evidently  to  accommodate  the  No.  5  S.A.E.  bell- 
housing.  Even  if  the  flywheel  holts  are  removed,  there 
is  not  enough  clearance  to  slip  the  wheel  through  the 
housing. 

There  is  an  instance  of  a  maker  using  a  self-aligning 
hearing  in  the  flywheel  as  a  pilot  bearing  for  the  clutch 
shaft.  It  so  happens  that,  when  a  repair-man  has  to 
slip  the  clutch  assembly  into  place,  he  cannot  lift  the 
rear  end  sufficiently  to  allow  the  clutch  shaft  to  et 
horizontally  into  the  pilot  bearing.  The  self-aligning 
feature  of  the  bearing  makes  the  job  difficult  because  the 
ing,  that  is  the  inner  member,  cocks  and  no  amount 
axing  will  help.  Mechanics  say  that  when  this  job 
is  necessary  they  simply  file*  the  end  of  the  clutch  shaft 
enough  to  make  a  sloppy  fit.    This  ion  is  shown 

in  Fig.  12. 

Some  car  makers  seem  to  try  to  hide  the  water-pump 
as  much  as  possible,  thus  making  the  job  of  repacking 
the  glands  difficult.  Pumps  often  are  placed  too  low  on 
the  engine,  as  in  the  left  view  of  Fig.  13.  Here  the 
radiator  really  ought  to  come  off  to  permit  a  good  job 
when  repacking  the  pump.  The  location  of  the  pump 
shown  at  the  right  is  good.  The  gland  is  very  accessible 
and  the  unit  has  been  mounted  high  enough  on  the  side 
of  the  engine  to  make  for  ease  of  maintenance. 

The  job  of  getting  at  the  main  bearings  on  some  en- 
gines is  easy,  but  it  is  exceedingly  difficult  on  others. 
For  instance,  it  costs  about  $35  to  take  up  the  wear  in 
the  rear  main-bearing  on  one  popular  make  of  ear.  The 
reason  for  this  is  that  the  bearing  is  of  the  split  type 
and  is  held  in  an  end-plate  on  the  rear  of  the  engine 
erankease.  To  remove  the  bearing  halves  for  filing,  the 
entire  engine  has  to  be  taken  from  the  car,  the  timing 
gear-case  cover  removed,  the  erankease  gear  pulled,  the 
rods  disconnected,  the  flywheel  removed  and  the  plate 
holding  the  bearing  taken  off.  The  crankshaft  and  rear 
bearing  can  be  taken  out  then  through  the  hack  of  the 


PARTED  GEAR  CASE  COVER, 


15 — Providi  i.  Cover  To  Facilitate  Doing 

I    u:    Has    Red    CED     he    M  ai  NTKNANCB 
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erankease,  and  the  bearing  can  be  dismantled.  It  is 
small  wonder  that  this  job  runs  into  money.  The  layout 
is  shown  in  the  lower  left  view  of  Fig.  14.  No  provi- 
is  made  on  this  same  engine  to  take  up  wear  in  the 
front  main-bearing.  This  is  a  solid  bushing  indicated  by 
the  upper  left  view. 

The  illustration  at  the  upper  right  shows  the  very  ac- 
cessible rear  main-bearing  layout  used  on  a  popular  car. 
It  will  be  noticed  that  the  removal  of  the  lower  half  of 
the  erankease  brings  the  bearing  cap  into  as  accessible  a 
position  as  could  be  desired.  Another  bearing  layout 
that  is  difficult  to  get  at  is  shown  in  the  lower  right  cor- 
ner. Here  the  flywheel  shape  and  bolts  do  not  allow  the 
cap  to  come  off  unless  the  bearing  bolts  are  raised  suffi- 
ciently. The  real  job,  however,  lies  in  getting  the  bolts 
back  into  the  holes,  because  a  wire  must  be  bent  to  take 
the  heads  of  the  bolts  and  the  bolt  heads  must  be  jug- 
gled into  position.  Some  type  of  flat-head  bolt  on  the 
flywheel  would  help. 

Fig.  15  shows  how  one  builder  made  it  possible  to 
save  many  hours  of  labor  on  the  job  of  putting  in  a  new 
key  on  the  water-pump  gear.  In  the  old  construction  it 
was  necessary  to  take  off  the  radiator,  the  entire  timing 
gear-case  cover  and  several  other  parts  to  get  at  the  key 
eventually.  The  newer  models  are  made  with  a  parted 
gear-case  cover  so  that  only  one  end  of  it  need  be  re- 
moved to  get  at  the  gear.  This  was  a  distinct  step  toward 
the  saving  of  time  and  money  on  service. 

Constructions  that  are  good  in  one  sense  occasionally 
cause  trouble  in  another.  For  instance,  condensation 
takes  place  in  the  distributor  at  a  certain  atmospheric 
temperature  in  one  car,  so  that  the  distributor  housing 
has  to  be  wiped  out  at  certain  intervals.  It  is  said  that 
this  condensation  is  caused  by  the  fact  that  warm  air 
comes  up  through  the  vertical  housing  from  the  crank- 
case,  while  cold  air  from  the  fan  strikes  the  exterior. 
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MEMBERSHIP  ROSTEB  TO  BE  MAINTAINED  IN  PRIOR  FORM 

It  has  been  decided  by  the  Council  upon  reconsideration  that  the  Membership  Roster  for  this  year 
shall  I  in  the  form  in  which  it  has  been  issued  in  previous  years,  including  the  Company  and 

the  Geographical  lists  as  well  as  the  Alphabetical  List.     It  will  be  mailed  to  members  upon  receipt  by 
the  office  of  the  Society  of  request  forms  that  have  been  mailed  to  them  twice  recently. 
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The  Value  of  Standards  in  Tractor 

Manufacture 


By  P.  M.  Heldt1 


Minneapolis  Tractor  Meeting  Paper 


THE  history  of  the  systematic  introduction  of 
standards  in  mechanical  manufacture  is  outlined, 
instances  being  given  of  the  need  for  such  standard- 
ization and  specific  reference  being  made  to  its  value 
to  tractor  builders. 

After  mentioning  the  necessity  of  manufacturers 
maintaining  a  broad-minded  attitude  toward  standard- 
ization, the  author  discusses  steel  and  other  standards, 
such  as  tractor  hitches,  belt  speeds,  connections  be- 
tween parts  or  machines  that  .ai'e  made  in  different 
plants,  screw  sizes,  lug  attachment  and  general 
matters  relating  to  the  subject.  The  hope  is  stated 
that  tractor  manufacturers  will  appreciate  the  full  ad- 
vantage of  cooperative  effort  and  of  mechanical 
standardization  as  one  of  its  expressions. 

THE  movement  for  the  systematic  introduction  of 
standards  in  mechanical  construction  is  only  about 
20  years  old,  having  started  with  the  formation  of 
the  Engineering  Standards  Committee  in  Great  Britain, 
about  the  beginning  of  the  present  century.  There  were 
many  standards  even  before  that  time,  such  as  measure- 
ment, screw-pitch,  gear-tooth  and  rolled-steel-section 
standards,  but  these  earlier  standards  were,  so  far  as 
they  related  to  manufactured  articles,  for  the  most  part 
adopted  individually  in  response  to  pressing  needs,  and 
did  not  constitute  the  result  of  concerted  movements  in 
standardization.  The  formation  of  the  British  Engineer- 
ing Standards  Committee  may  well  be  considered  the  first 
step  in  the  organized  endeavor' to  introduce  standards  in 
engineering  practice.  The  second  step  was  the  inaugura- 
tion of  standardization  work  by  the  mechanical  branch  of 
the  old  Association  of  Licensed  Automobile  Manufactur- 
ers, which  was  continued  by  the  Society  of  Automotive 
Engineers.  The  third  step  was  the  introduction  of  en- 
gineering standardization  during  the  war  period  in  prac- 
tically all  European  industrial  countries.  One  reason 
why  we  must  standardize  in  the  present  stage  of  indus- 
trial development  is  that  the  builder  of  any  complicated 
machine  always  buys  raw  materials  from  outside  sources, 
and  sometimes  even  completely  finished  parts.  It  is  in 
the  interest  of  economy  and  general  efficiency  that  the 
purchased  materials  be  such  as  can  be  bought  in  the  open 
market,  and  that  they  do  not  need  to  be  manufactured 
especially  for  the  particular  purpose. 

Perhaps  one  of  the  most  striking  instances  of  the  need 
of  standardization  is  furnished  by  the  rubber  tire  and  its 
rim.  The  rim,  being  a  metal  part,  usually  is  made  by  a 
different  company  from  the  one  that  makes  the  rubber 
tire.  It  is  essential  that  every  pneumatic  tire  of  a  given 
diameter  and  width  of  tread  should  fit  every  rim  of  cor- 
responding dimensions  to  the  end  that  when  a  motorist 
on  tour  ruins  a  tire  shoe  he  can  get  another  one  of  any 
make  that  may  be  available,  so  long  as  it  is  of  the  same 
diameter  and  width.  The  advantage  to  the  motorist  and 
to  the  general  user  of  the  machine  is  that  his  troubles  in 
keeping  the  machine  in  operating  condition  will  be  less- 
ened. Standardization  is  also  highly  desirable  from  the 
standpoint  of  the  dealer,  because  it  enables  him  to  do  a 


1  M.S.A.E. — Engineering  editor,  Class  Journal  Co.,  New  York  City. 


certain  amount  of  business  in  a  given  time  with  a  smaller 
stock.  It  is  this  phase  of  the  movement  that  induced  the 
Government  to  support  it  strongly  during  the  war;  there 
was  then  urgent  need  for  conserving  the  capital  resources 
of  the  Nation,  It  is  obvious  that  the  greater  the  variety 
is  in  which  articles  serving  the  same  purpose  are  made, 
the  greater  the  amount  of  capital  must  be  that  is  tied 
up  in  stocks  and  in  manufacturing  equipment.  Standard- 
ization appeals  in  a  somewhat  different  way  to  the  manu- 
facturer who  work's  according  to  the  standards  in  his 
plant  than  it  does  to  the  purchaser  of  the  standardized 
machinery.  In  almost  every  case  it  is  the  purchaser  who 
profits  most  directly  by  the  standardization.  The  manu- 
facturer of  the  standardized  article  benefits  indirectly, 
in  that  standardization  enables  him  to  give  his  customers 
increased  value  without  additional  cost  to  himself. 

Magneto  Mountings 

Perhaps  the  best  example  of  the  value  of  standardiza- 
tion that  can  be  cited  to  the  tractor  builder  is  that  of 
magnetos  and  magneto  mountings.  The  location  of  fast- 
ening holes  in  the  base,  the  height  of  the  shaft-center, 
the  shaft-end  and  the  overall  dimensions  of  magnetos 
were  standardized  by  the  Society  many  years  ago,  and 
this  standard  is  adhered  to  generally  by  the  magneto 
manufacturers.  The  advantage  to  the  tractor  builder  lies 
in  the  fact  that,  with  possibly  a  few  exceptions,  any 
magneto  on  the  market  will  fit  his  engine  without  special 
adaptation.  If  his  regular  source  of  supply  should  fail 
for  any  reason,  such  as  a  fire,  strike  or  flood,  he  could 
arrange  with  any  other  factory  to  supply  him  temporarily 
with  its  product.  Provided  the  mounting  arrangements 
were  in  accordance  with  the  S.  A.  E.  Standard,  he  would 
have  no  difficulty  whatever  in  mounting  the  new  magneto 
and,  if  satisfactory  terms  could  be  m*ade  quickly,  there 
would  be  no  need  of  interruption  in  production.  I  believe 
that  every  tractor  company  using  high-tension-magneto 
ignition  makes  use  of  this  S.  A.  E.  Standard.  There  could 
be  no  better  endorsement  of  its  value. 

Regarding  this  plan  of  standardization,  we  can  imagine 
the  magneto  manufacturer  arguing  that  if  it  is  so  easy 
for  his  customers  to  substitute  another  magneto  for  the 
one  he  manufactures,  it  is  not  to  his  advantage  because* 
his  hold  on  the  trade  will  be  loosened;  therefore,  that  it 
is  not  an  advantage  to  him  to  encourage  standardization. 
There  has  been  a  feeling  of  this  kind  with  respect  to 
standardization  in  some  industries,  and  it  has  been  the 
cause  of  much  of  the  opposition  with  which  the  move- 
ment has  had  to  contend.  But  it  is  easy  to  prove  that 
this  attitude  has  a  very  weak  foundation.  The  same 
standardization  that  makes  it  easy  for  a  customer  to 
change  from  one's  own  to  a  competitor's  product,  also 
makes  it  easy  for  him  to  change  from  a  competitor's 
product  to  one's  own;  therefore,  unless  a  manufacturer 
already  controls  the  entire  business  and  has  no  chance 
of  getting  any  more,  he  has  nothing  to  fear  from  stand- 
ardization on  this  score.  This  point  is  borne  out  by  the 
fact  that  all  manufacturers  of  high-tension  magnetos  are 
using  the  S.  A.  E.  Standard.    A  very  direct  advantage  to 
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the  magneto  manufacturer  in  regard  to  mounting  stand- 
lization  lies  in  the  fact  that   i  -  him  of  the 

necessity  of  manufacturing  his  machines  separately  for 
each  customer.  There  are  Btill  slight  variations  in  the 
demand,  in  respect  to  the  direction  of  rotation,  the  posi- 
tion of  the  timing  lever  and  the  like,  bul  these  ran  be 
met  readily.  The  machines  are  all  alike,  except  for  a 
few  parts,  which  reduces  manufacturing  costs  ami  per- 
mits of  working  for  stock. 

s:n  i   \\i>  ( n  hek  Standards 

The  steel  specifications  constitute  another  set  of  most 

important  S.  A.  E.  Standards  that  are  being  used  by  the 
tractor  industry.  There  is  now  a  genera]  tendeni 
reduce  weights  in  tractor  design,  and  this  means  in- 
creased use  of  alloy  steel  in  shafts,  gears  and  Bimilar 
parts.  The  alloy-steel  industry  has  grown  up  with  the 
automobile  industry  and  is  largely  dependent  upon  it. 
ither  industry  uses  alloy  steel  to  anything  like  the 
extent  that  the  automobile  industry  does;  the  statement 
was  made  recently  that  70  per  cent  of  all  of  the  alloy 
steel  produced  in  this  country  goes  into  automotive  plants. 
Alloy  stee's  are  made  almost  exclusively  to  the  Society's 
steel  specifications,  and  the  parts  manufactured  from 
them  are  heat-treated  accordingly.  The  standardization 
of  steel  specifications  and  of  heat-treatments  is  conspicu- 
ous in  the  most  valuable  work  that  the  Society  has  done. 
In  connection  with  the  published  tables  of  physical  prop- 
erties, this  standardization  enables  the  engineer  to  select 
the  steel  best  suited  to  any  particular  purpose  and  to 
specify  a  heat-treatment  that  best  meets  the  require- 
ments of  the  case.  The  work  has  not  been  limited  to  alloy 
steels;  it  covers  carbon  steels  as  well.  Most  of  the  drop- 
forged  crankshafts  and  connecting-rods  used  in  tractors 
are  made  of  an  S.  A.  E.  steel.  It  is  unnecessary  to  dwell 
upon  this  particular  item  of  standardization,  as  the  more 
extensive  use  of  the  Society's  steel  specifications  by  the 
tractor  industry  will  come  about  naturally  as  the  more 
primitive  methods  of  construction,  typified  by  the  use  of 
structural  steel  and  cast  gears,  are  abandoned. 

Standard  Hitches  and  Belt-Speeds 

The  greatest  need  for  standardization  always  exists  at 
the  points  of  contact  between  the  products  of  different 
plants.  The  tractor  connects  by  a  drawbar  to  the  plow 
or  other  implement,  and  by  a  belt  to  the  separator  or  other 
power-driven  machine.  Every  tractor  should  be  capable 
of  connection  to  any  plow  or  other  implement,  which 
necessitates  standardization  of  the  hitch ;  and  every  trac- 
tor also  should  be  capable  of  driving  by  belt  all  the  usual 
agricultural  power  machinery  at  proper  speeds,  which 
necessitates  standardization  of  belt  speeds.  The  height 
of  the  drawbar  hitch  has  been  standardized;  this  standard 
is  used  by  many  companies  but  not  by  all.  A  moderate 
variation  in  the  height  of  the  hitch  is  perhaps  of  no 
great  moment,  as  the  drawbar  connections  will  compen- 
sate for  it.  The  height  of  the  hitch  is  adjustable  on 
some  tractors  but,  where  this  is  not  the  case,  it  is 
advantageous  to  make  the  hitch  of  a  certain  standard 
height. 

Belt  speeds  also  have  been  standardized;  in  fact,  the 
original  standard  has  been  revised  already.  The  belt 
speed  was  fixed  first  at  2600  ft.  per  min.,  but  it  was  found 
that  a  single  speed  did  not  meet  all  requirements.  At 
present  the  Society  has  four  standard  belt  speeds,  and 
the  National  Association  of  Farm  Equipment  Manufac- 
turers, formerly  the  National  Implement  &  Vehicle 
■<  iation,  has  five.  It  is  possible  that  this  number  of 
different  speeds  is  necessary  temporarily  because  of  the 


requirements  of  the  various  ■  power-driven  ma- 

chinery now  on  the  market.  The  designers  of  these 
machines  had  not  lung  to  guide  them  in  determining  the 
pulley  sizes.  The  result  is  thai  there  is  an  absolute 
lark  of  agreement  in  the  required  belt-speeds.  This 
Condition  can  be  remedied  in  the  future.  1  believe  that 
eventually  there  will  be  no  need  for  more  than  two 
standard  belt-speeds.  The  situation  in  this  regard  is 
somewhat  similar  to  that  in  the  pneumatic-tire  field,  and 
I  believe  the  problem  can  lie  solved  in  the  same  way  as 
was  applied  there.  When  a  standard  list  of  pneumatic- 
tire  sizes  was  promulgated  some  years  ago,  it  contained 
a  certain  number  of  sizes  that  were  designated  as  definite 
standard  sizes  and  a  number  of  others  that  it  was  ex- 
plained were  to  be  continued  by  the  manufacturers  only 
while  the  replacement  demand  for  them  lasted.  This 
served  as  a  warning  to  car  designers  that  new  cars  should 
be  equipped  only  with  the  definite  standard  sizes. 

In  the  determination  of  standard  belt-speeds,  there 
should  be  cooperation  between  the  producers  of  tractors 
and  of  stationary  farm-engines  on  the  one  hand  and  the 
builders  of  auxiliary  machinery  on  the  other  hand,  be- 
cause the  same  agricultural  machinery  that  is  driven  by 
tractors  is  driven  by  stationary  engines.  If,  say,  two 
definite  standard  belt-speeds  were  agreed  upon,  the  de- 
signers of  agricultural  machinery  would  equip  all  new 
types  of  machine  with  pulleys  calculated  for  one  or  the 
other  of  these  speeds  in  the  future,  and  the  situation 
gradually  would  become  simplified. 

Standard  Basic  Machine  Elements 

One  class  of  standards  relates  to  materials  of  construc- 
tion or  basic  machine  elements.  Of  the  standards  of  this 
class  that  were  adopted  originally  for  the  automobile 
industry,  many  are  now  in  use  in  the  tractor  industry. 
I  need  mention,  in  addition  to  the  S.  A.  E.  steels,  oniy 
the  standard  non-ferrous  alloys,  tubes,  screws,  washers, 
pipe  fittings  and  ball  bearings.  However,  some  of  the 
standards  of  this  class  deserve  wider  use;  for  instance, 
the  standard  forged  rod-ends  and  yokes. 

There  is  a  class  of  standards  relating  to  the  joints  or 
connections  between  parts  that  are  often  made  in  different 
plants.  The  magneto  standard  already  mentioned,  the 
carbureter-flange  standard,  the  bell-housing  standard  and 
others  belong  to  this  class.  The  value  of  these  standards 
is  so  obvious  that  they  have  been  adopted  generally 
without  hesitation;  in  fact,  most  of  these  standards  were 
formulated  at  the  request  of  parts  manufacturers,  and 
tractor  builders  had  little  to  do  with  their  adoption. 

Screw  Sizes  and  Lug  Attachment 
There  has  been  some  talk  of  reducing  the  number  of 
screw  sizes  for  use  in  tractors.  It  is  easy  to  see  why 
t  his  would  be  an  advantage.  One  of  the  difficult  problems 
in  connection  with  farm  tractors  is  that  of  maintenance. 
A  tractor  cannot  be  transported  easily,  and  all  ordinary 
repairs  must  be  made  right  on  the  farm  with  the  facilities 
available  there.  In  the  use  of  tractors,  screws  and  nuts 
are  often  lost  or  broken  or  have  their  threads  stripped, 
and  they  must  be  replaced.  It  would  be  much  easier  for 
the  farmer  to  keep  a  good  stock  of  screws  and  nuts  on 
hand  if  only  a  few  sizes  were  used.  In  all  the  ordinary 
screw-standards  the  sizes  vary  in  steps  of  1/16  in.  Why 
cannot  the  odd  sixteenth  sizes  be  eliminated  in  tractor 
construction?  The  direct  benefit  of  simplification- would 
not  be  limited  to  the  farmer,  but  be  shared  by  the  builder 
and  the  repair-shop.  There  is  one  objection  to  the  elimi- 
nation of  certain  screw-sizes ;  for  instance,  in  places  where 
a  7    16-in.  screw  would  just  suffice,  a  y2-in.  screw  would 
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have  to  be  used  and  the  weight  would  be  increased 
slightly.  However,  this  disadvantage  does  not  offset  by 
any  means  the  advantages  to  be  gained,  especially  in  view 
of  the  fact  that  with  the  use  of  heavier  screws  in  some 
cases,  a  smaller  number  would  serve  the  purpose.  Very 
likely,  different  producers  of  tractors  are  now  following 
this  plan  individually.  If  it  has  general  approval,  why 
not  make  it  a  standard  or  recommended  practice? 

Another  subject  that  deserves  the  consideration  of  the 
tractor  industry  particularly  at  this  time  is  the  method 
of  attaching  lugs.  Attention  has  been  called  to  the  ten- 
dency to  reduce  tractor  weight,  but  to  get  sufficient  trac- 
tion with  less  weight  it  is  important  that  the  lug  equip- 
ment be  made  as  efficient  as  possible.  Different  operating 
conditions  call  for  different  lug  equipment,  and  the 
farmer  therefore  finds  it  necessary  to  change  lugs  occa- 
sionally. With  a  standardized  method  of  fastening,  not 
only  would  the  interchanging  of  lugs  by  the  farmer 
be  facilitated,  but  inventors  of  improved  lugs  would  find 
it  easier  to  market  them.  Considerable  research  is  being 
conducted  with  respect  to  the  best  form  of  lug  for  dif- 
ferent soil  conditions.  The  minimum  tractor-weight 
permitting  a  given  drawbar-pull  to  be  obtained  depends 
to  a  large  degree  upon  the  lug  equipment  and,  as  the 
reduction  of  tractor-weight  without  any  reduction  of 
drawbar-pull  spells  increased  efficiency,  this  development 
ought  to  be  encouraged  in  every  possible  way. 

General  Considerations 

Standardization  really  signifies  cooperative  effort  on 
the  part  of  members  of  the  industry.  Perhaps  no  industry 
needs  this  cooperative  spirit  more  at  present  than  the 
tractor  industry.  During  the  war  and  for  the  two  years 
following  it,  this  industry  enjoyed  a  sort  of  hot-house 
growth  that  was  the  direct  result  of  the  high  prices  of 
farm  products  and  the  scarcity  of  farm  labor.  Conditions 
now  practically  are  reversed.  Farm  products  sell  at 
abnormally  low  prices  and  help  is  plentiful.  The  farmer 
has  very  little  money  to  spend,  and  he  no  longer  has  a 
prospect  of  an  almost  unlimited  market  for  his  products 
to  encourage  him  to  widen  his  scale  of  operations.  In 
the  past  the  desire  to  work  an  increased  acreage  was  often 
the  reason  for  the  purchase  of  a  tractor.  Tractors  retain 
all  the  advantages  they  ever  had,  such  as  the  ability  to 
work  to  full  capacity  in  all  kinds  of  weather  and  the  lack 
of  need  for  feed  and  care  during  periods  of  non-use,  but 
their  first  cost  and  their  operating  cost  must  be  reduced 
to  conform  with  the  changed  economic  conditions  on  the 
farms.  Every  builder  is  interested  in  this  problem  and 
all  should  cooperate  to  solve  it. 

While  not  a  panacea  for  all  the  present  woes  of  the 
tractor  industry,  standardization  will  prove  a  powerful 


aid  in  solving  its  problems.  In  this  connection,  no  other 
branch  of  the  mechanical  industries  today  is  producing 
as  efficiently  as  the  automobile  industry.  It  is  not  a 
mere  coincidence  that  this  industry  also  has  carried 
standardization  further  than  any  other.  Efficient  pro- 
duction really  means  large-scale  production,  because  it  is 
only  in  large-scale  production  that  really  efficient  methods 
are  applicable.  It  is  for  this  reason  that  a  large  propor- 
tion of  the  firms  that  have  entered  the  automobile  indus- 
try in  recent  years  confine  themselves  to  assembling. 
Their  own  output  may  not  be  so  very  great,  but  all  the 
components  that  they  use,  such  as  the  engine,  transmis- 
sion, axles,  steering-gear  and  the  like,  are  made  in  parts 
factories,  generally  on  a  much  greater  scale.  If  it  were 
not  for  the  standardization  work  of  the  Society,  this  plan 
of  assembling  would  be  greatly  hampered;  in  fact,  it 
would  become  almost  impossible.  Much  of  the  credit  for 
the  rapid  advance  in  automobile  design  and  for  the 
efficient  production  methods  now  in  use  in  the  automobile 
industry  belongs  to  these  parts  factories. 

Summary 

The  three  outstanding  facts  which  should  convince 
every  tractor  company  that  standardization  is  of  value  to 
the  tractor  industry  are  that 

( 1 )  This  Country's  largest  industry  of  manufactured 
products  has  standardized  to  a  great  extent  and  is 
continuing  this  work 

(2)  The  Government  compelled  standardization  in 
many  lines  during  the  war,  because  of  the  economic 
advantages  to  be  gained 

(3)  European  industrial  countries,  impoverished  by 
the  war,  are  turning  to  standardization  as  one 
means  of  re-establishing  their  economic  balance 

The  standardization  movement  would  have  advanced 
much  further  by  this  time  had  it  not  have  been  for  the 
more  or  less  natural  tendency  among  members  of  an 
industry  to  regard  one  another  with  distrust.  As  a  rule, 
it  requires  some  event  of  a  catastrophic  nature  to  bring 
them  together  and  make  them  see  that  they  can  accom- 
plish more  by  pulling  together  than  when  each  one  works 
for  himself  regardless  of  the  others.  The  automobile 
manufacturers  were  first  brought  into  a  close  union  by 
the  Selden  patent  situation,  which  was  a  real  bogy  during 
the  early  years  of  the  industry.  Many  other  industries 
learned  the  value  of  cooperation  during  the  war.  The 
slump  in  farm  values  is  undoubtedly  the  greatest  shock 
that  the  tractor  industry  has  had  so  far.  It  is  hoped  that 
at  least  some  good  will  come  out  of  the  misfortune  and 
that  the  tractor  manufacturers  will  see  the  full  advantage 
of  cooperative  effort  and  of  mechanical  standardization  as 
one  of  its  expressions. 


HIGHWAY  ENGINEERING  AND  TRANSPORT  INSTRUCTION 


THE  University  of  Michigan  has  made  provision  for  a 
broad  development  of  highway-engineering  and  high- 
way-transport undergraduate  and  graduate  instruction  and 
for  the  investigation  of  research  problems.  Thoroughly 
trained  and  experienced  highway  engineers  are  needed  to 
occupy  the  innumerable  positions  connected  with  the  admin- 
istration, financing,  design,  construction  and  maintenance  of 
the  2,500,000  miles  of  rural  highways  and  the  thousands  of 
miles  of  streets  in  the  municipalities  of  the  United  States 
in  order  that  the  highways  of  our  Country  may  serve  effi- 
ciently the  agricultural,  industrial,  commercial,  social  and 
military   requirements   of   the    Nation. 

The  phenomenal  development  of  highway  transportation 
in  the  United  States  has  created  a  demand  for  men  having 
knowledge  of  and  trained  in  a  new  technical  field.     Funda- 


mentally this  branch  of  engineering  deals  with  the  science, 
art,  economics  and  business  of  highway  transportation  of 
passengers  and  commodities.  It  is  considered  that  the  high- 
way-engineering staffs  of  the  Federal  and  State  Depart- 
ments will  require  an  annual  supply  of  900  college-trained 
engineers,  in  addition  to  the  highway  engineers  required  by 
counties,  municipalities,  contractors  and  companies  produc- 
ing highway  machinery  and  materials;  that  4000  men  should 
be  trained  in  highway  transport  each  year  in  universities 
to  serve  as  motor-truck-fleet  managers,  sales-engineers,  ad- 
vertisers, business  administrators  and  highway-transport 
engineers,  and  that  short-period  advanced  courses  efficiently 
provide  opportunities  for  men  occupying  the  positions  enu- 
merated to  obtain  a  knowledge  of  and  training  in  highway 
engineering  and  highway  transport. 
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the  if   what   constitutes    uniform   and   effective 

braking-power,    various    ill  ■  and    de 

being    included    of    different    typ  Brake- 

actui  i  ins,   the  calculation   of  brake-drum   size, 

ability,    brake    equalizers    and    brake-lin- 
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The   future  of  brakes   is  discussed   with   reference  to 
the  use  of  the  engine  as  a  brake,  four-wheel  and  front- 
wheel    brakes,   the    servo   principle  of   brake   operation 
braking   methods.      A   brief  summary 

of  what  is  considered  good  practice  with  regard  to  truck 

makes   is   appended. 

FOR  the  past  10  years  automotive  engineers  have 
been  concentrating:  very  largely  on  acceleration. 
More  than  half  of  the  development  work  on  passen- 
ger cars  particularly  has  been  with  the  object  of  increas- 
ing the  "get-away."  Through  the  sales  efforts  of  the  in- 
dustry, the  public  has  been  educated  to  demand  this 
quality  in  an  automobile.  This  is  but  natural  when  the 
quality  of  acceleration  is  what  makes  a  car  not  only  more 
enjoyable  but  more  safe  to  handle  in  traffic,  and  certainly 
it  is  this  same  quality  that  makes  a  car  a  good  hill- 
climber.  However,  in  giving  so  much  attention  to  accelera- 
tion, we  have  run  somewhat  ahead  of  the  other  problem, 
that  is  relatively  just  as  important  and  just  as  necessary 
of  solution.  This  is  the  problem  of  deceleration.  It  is 
just  as  important,  if  not  even  more  so,  to  stop  a  car  as 
it  is  to  start  it.  It  should  be  as  much  a  matter  for  con- 
sideration on  the  part  of  the  engineer  that  a  car  be  able 
to  get  back  to  a  standing  position  as  it  is  that  the  ve- 
hicle be  able  to  leap  quickly  from  a  standing  start  to 
speeds  of  10,  25  and  50  m.p.h. 

If  we  were  to  stop  for  a  moment  and  take  stock  of  the 
passenger  cars  and  trucks  put  out  by  American  builders 
today,  we  would  find  qualities  of  acceleration  that  are  the 
marvel  of  the  world.  On  the  other  hand,  we  would  find 
qualities  of  deceleration  that  many  consider  to  be  deplor- 
able. This  statement  is  not  made  in  a  haphazard  way, 
but  is  absolutely  warranted  by  the  engineering  opinion  of 
those  who  are  responsible  for  our  present  day  design. 
Scores  of  engineers  of  the  highest  standing  in  the  indus- 
try have  been  consulted  regarding  the  subject,  in  connec- 
tion with  the  preparation  of  this  paper,  and  the  opinion 
is  practically  unanimous  that  our  present-day  brakes,  if 
not  the  weakest,  are  assuredly  one  of  the  weakest  points 
in  design.  To  state  this  in  another  way,  we  cannot  put 
the  braking  systems  of  the  cars  against  problems  of  equal 
difficulty  to  those  to  which  we  submit  other  parts  of  the 
car  and  expect  them  to  meet  the  same  exacting  require- 
ments. We  may  send  an  experimental  car  out  over  the 
roads  with  orders  to  the  tester  in  charge  to  try  to  break 
it  up  over  a  rough  road  and,  if  he  succeeds,  we  believe 
that  there  is  something  wrong  with  the  parts  that  fail. 
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iiiiMi,   American   Passenger-Car   Brake  Practice 
A  Conti  Band  Type  External  and  a  Toggle-Operated  Internal 

riling  Band  Brake  Are  Used  on  the  Same  Rear-Wheel  Drum 

We  may  send  him  out  to  climb  certain  hills  on  high  gear 
and,  if  he  fails,  we  believe  that  the  engine  is  not  what  it 
should  be.  But  we  do  not  send  him  out  on  steep,  long 
hills  with  directions  to  try  to  burn  up  his  brakes.  We 
know  too  well  that  he  would  be  only  too  successful. 
Whether  this  is  a  difficulty  that  we  can  rectify  under  our 
present  system  of  brake  design  remains  to  be  seen.  The 
best  brakes  we  have  designed  under  present  methods  are 
inadequate  in  mountainous  country,  although  they  serve 
very  well  and  efficiently  in  flat  and  moderately  hilly  coun- 
try. When  it  comes  to  real  mountainous  country,  how- 
ever, the  engine  must  be  called  upon  to  augment  the 
brakes.    Whether  or  not  this  is  desirable  is  debatable. 

Brakes  of  the  Present 

Every  engineer  desires  to  obtain  the  best  possible  re- 
sults from  the  available  braking  systems,  and  it  is  hoped 
that  hints  will  be  found  in  this  paper  that  will  assist  in 
increasing  the  efficiency  of  brakes  as  now  installed,  and 
that  it  will  promote  discussion  leading  to  an  airing  of 
views  as  to  whether  it  is  necessary  for  us  to  modify  our 
fundamental  systems  and  change  to  something  more  effi- 
i  than  we  now  have  as  usual  equipment.  When  we 
give  an  automobile  user  a  vehicle  weighing  all  the  way 
up  to  3  tons,  provided  with  an  engine  capable  of  accel- 
erating that  tremendous  mass  to  high  rates  of  speed  in  a 
short  space  of  distance  and  time,  we  are  putting 
into  his  hands  a  veritable  projectile  capable  of  doing  tre- 
mendous damage  unless  it  is  susceptible  to  easy  control. 

If  we  turn  the  problems  of  acceleration  backward  and 
look  at  them  from  a  deceleration  standpoint,  we  have 
something  of  the  same  nature  to  deal  with.  In  acceler- 
ating,  we  are  taking  heat  energy  and  transforming  it 
through  the  mechanism  of  the  car  to  dynamic  energy  as 
represented  by  the  weight  of  the  car  and  the  speed  at 
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Section  A-A 


Fig.  2 — A  Timken  Fixed-Hue  Type  Axle  with  an  External-Contracting  and  an  Internal  Toggle-Type  Brake  Having 

the  Brake  Levers  inside  the  Spring 


which  it  is  traveling.  This  dynamic  or  kinetic  energy 
must  be  dissipated  by  transforming  it  back  to  its  orig- 
inal condition  of  heat  energy  through  use  of  the  brakes. 
To  bring  the  vehicle  to  rest,  it  is  necessary  to  absorb  its 
momentum  by  making  it  do  work  against  friction,  and 
this  friction  produces  heat,  of  course,  which  must  be  dis- 
sipated. The  friction  brakes  act,  therefore,  by  dissi- 
pating in  the  form  of  heat  the  enei-gy  represented  by  the 


VJ//I 


Fig.   3 

AN    18 


—Double  Internal-Band  Type  Rear-Wheel  Brake  Having 
In.  Drum  That  Is  Used  by  the  International  Harvester 
Co.  on  Its  Trucks 


Fig.  4 — Double  Internal  Cam-Operated  Band-Type  Brake  Used 
on  Autocar  Trucks 

momentum  of  the  vehicle.  To  accomplish  this,  they  must 
produce  the  heat  and  radiate  it  to  the  atmosphere.  It  is 
evident  that  the  radiation  of  the  heat  must  be  as  rapid 
as  possible,  in  order  that  the  temperatures  of  the  braking 
parts  shall  not  rise  above  a  safe  value  for  the -materials 
contained  in  the  braking  mechanism,  particularly  at  the 
contact  surfaces.  Since  there  is  an  appreciable  time- 
element  in  the  radiating  ability  of  any  surface,  it  is  clear 
that,  with  the  ordinary  braking-systems,  there  will  only 
be  a  certain  length  of  time  before  the  brakes  become 
overheated,  because  the  heat  generated  is  imparted  to  the 
brake-bands  much  more  rapidly  than  the  heat  can  be  dis- 
sipated through  the  ordinai-y  braking-systems  now  pro- 
vided. The  steeper  the  grade  is,  the  more  quickly  the 
brake  temperatures  will  reach  the  danger  point.  Many  of 
the  hills  encountered  in  the  Allegheny  mountains,  for  in- 
stance, are  sufficiently  long  and  steep  for  this  tempera- 
ture to  run  above  the  capacity  of  the  lining  to  withstand 
burning,  with  the  result  that  is  all  too  familiar  to  engi- 
neers.   To  sum  this  up  in  simple  language,  it  is  possible 
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to  bum  mit  the  brakes  on  a  car  by  using  them  in  going 
down  a  long  grade,  provided  the  engine  is  not  used  to 

■  the  brakes  and  we  depend  solely  upon  the  braking 
system  of  the  ear. 

Design  Factors 

When  an  engineer  is  laying  out  the  brakes  for  a  pas- 
senger ear,  assuming  that  he  intends  to  work  along  the 
onal  lines,  he  has  several  different  combinations 
and  types  of  braking  layout  available  from  which  to 
choose,  under  present  conditions.  Bj  far  the  greater  ma- 
jority USe  tWO  sets  of  brakes  on  the  rear  wheels,  shown 
in  Figs.  1  and  2.  these  being  the  internal  and  the  ex- 
ternal types,  one  set  being  operated  by  the  pedal  and  the 
other  by  the  hand-lever.  This  system  is  used  widely 
because  it  has  the  advantage  of  simplicity  and  low  cost 
of  manufacture,  and  provided  the  brakes  are  laid  out  with 


— Pierce-Arrow  Truck  Transmission  Brake 
This   Brake.   Which  Is  of  the  Contracting-Shoe  Type.   Has  a   Drum 
1-'  In.  in  Diameter  with  a  5-In.  Face 


SeCicnA-A 


Mai.i.e.uii.e-Iron  Brake-Shoe  of  Rigid  Construction  for 
the  Internal-Expanding  Shod  Type  of  Brake 


sufficient  regard  to  proper  brake-area  and  with  the  cen- 
ters of  the  operating  levers  arranged  so  that  spring  de- 
flection does  not  cause  grabbing  or  releasing  of  the 
brakes,  it  is  fairly  satisfactory.  In  addition  to  this  type 
of  layout,  we  have  the  side-by-side  internal  brakes,  illus- 
trated in  Figs.  3  and  4,  which  operate  on  the  same  drum, 
this  having  the  advantage  of  providing  two  sets  of  en- 
closed brakes  that  are  naturally  more  free  from  exposure 
to  water,  mud  and  grit.  They  are  somewhat  more  com- 
plicated in  assembly,  however;  they  require  a  much 
deeper  drawn-drum  and  probably  never  will  be  used 
widely  because  the  complications  introduced  are  not  com- 
pensated for  by  any  marked  advantages  in  performance. 
Another  choice  that  has  been  favored  by  an  increasing 
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Fig.   7 — Brake  Construction  Used  on  the  Eaton  Axle,  'Which  Utilizes  the  Shod  Shown  in  Fig.  6  in  the  Internal 

Brake 
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Fir,.  ? — Rear-Wheel  Brake  Used  on  the  Pierce-Arrow  Truck 

This  Is  a  Cam-Operated  Type  of  Brake,  the  Cam  Being  Adjustable 

as   Shown,    That    Uses   a   Heavy   Forging   to   Provide   a   Substantial 

Brake  Anchor 

number  during;  the  past  few  years,  after  first  having  been 
used  and  discarded  by  several  manufacturers,  is  the  in- 
stallation of  the  foot  or  service-brake  on  the  rear  wheel 
and  the  hand-brake  on  the  transmission  or  propeller- 
shaft.  This  type,  which  is  shown  in  Fig.  5,  has  the  ad- 
vantage of  providing  two  absolutely  independent  brake- 
drums.  In  case  one  breaks,  it  does  not  affect  the  other 
and,  furthermore,  the  installation  puts  into  the  hands  of 
the  driver  a  very  powerful  emergency  braking-system. 
Because  of  the  location  of  the  brake  on  the  propeller- 
shaft,  the  brake  has  the  benefit  of  the  reduction  through 
the  rear  driving-system  and  also  of  the  equalization  se- 
cured by  the  differential-gear.    The  propeller-shaft  brake 


has  disadvantages,  however;  otherwise  all  manufacturers 
would  use  it.  The  disadvantages  that  frequently  are 
cited  against  it  are  the  tendency  to  chatter,  the  excessive 
stresses  that  must  be  imparted  to  the  universal-joints 
and  rear-axle  parts  and  the  difficulty  of  dissipating  the 
tremendous  amount  of  heat  absorbed  by  the  small  brake- 
drum.  Naturally,  the  size  of  the  brake-drum  is  limited, 
because  of  the  location  of  the  propeller-shaft  immediately 
under  the  floor-boards  of  the  car.  Most  engineers  have 
been  partial  to  the  wheels  as  being  the  proper  location, 
because  it  involves  stress  in  the  least  number  of  parts 
and  hence  is  safer.  In  worm-drive  and  bevel-gear  axles 
where  the  spiral  angle  is  fairly  steep,  many  of  the  pinion 
and  worm-shaft-bearing  failures  have  been  the  result  of 
too  severe  propeller-shaft  brakes.  Overheating  of  the 
propeller-shaft  brake  is,  of  course,  the  point  that  is  cited 
most  against  it. 

After  having  determined  the  location  of  the  brakes,  the 
engineer  has  a  choice  of  the  flexible-band  type  of  brake 
shown  in  Fig.  2  or  the  rigid-shoe  type  illustrated  in 
Figs.  6  and  7.  These  again  have  advantages  and  disad- 
vantages. The  former  is  apt  to  have  a  tendency  to  grab 
severely,  particularly  at  high  speeds,  on  account  of  its 
wrapping  action.  With  it,  however,  practically  100  per 
cent  of  the  brake  surface  is  effective.  With  any  type  of 
rigid  brake-shoe,  it  is  practically  impossible  to  secure 
anything  like  effective  surface  for  the  full  circumference 
of  the  drum.  There  are  two  classes  of  rigid-shoe  brake; 
the  pivoted  or  locomotive  type  and  the  simple  type.  In 
the  former  a  separate  brake-beam  is  pivoted  to  the  shoe 
at  its  center,  so  that  the  entire  shoe-surface  is  pressed 
against  the  drum.     The  greatest  pressure  is  found  to  be 


Fig.  9 — Double  I  ■  al  and  External  Brakes  Used  on  the 

Marmon  Car 
This    Is    a    Cam-Operated    Internal-Expanding    Brake   That    Is    An- 
chored in  the  Usual  Way   with  a  Bell-Crank-Operated  Contracting- 
Band  Type  on  the  Same  Drum 


Fig.  10 — Double  External  and  Internal  Brakes  Used  on  the 

Packard  Single-Six  Car 

The  Internal  Brake  Is  Cam-Operated  and  Substantial  Release 

Springs  Are  Provided  To  Prevent  Drag 

under  the  pivot  in  this  type,  the  pressure  tapering  off 
toward  the  end.  If  shoes  of  this  type  are  made  to  cover 
180  deg.  of  drum  surface,  the  tips  will  present  practically 
no  pressure  and  from  those  points  back  to  the  pivot  the 
pressure  will  gradually  increase.  This  naturally  causes 
unequal  wear  of  the  shoe  facing  and  is  apt  to  cause  brake 
squealing  because  of  the  relatively  small  area  of  sur- 
face engaged.  This  cuts  down  the  friction  materially 
and,  consequently,  the  brake  efficiency. 
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In  the  simple  tyi)e  of  rigid  end  of  which  is 

ist  to  the  spider,  the  other  end  being  acted 

by  thi  -.  9  and  10,  or  the  toggle  as  in 

nd  11.  the  greatest  pressure  will  be  on  that  par. 

of  the  lining  closest  to  the  fixed  pivol  and  the  pressure 

will  •  at  the  lip.     Unless  specifii    provi- 

the  contrary,  the  movemenl  of  Buch  a 

will  vary  as  the  distance  from  the  pivot,  ao  that  the 

tiort  of  the  lining  closest  to  the  pivot  will  have  the 

great  sure  if  it  is  brought  into  contact  with  the 

drum,  and  still  have  bo  little  movemenl  thai   it  may  not 

establish  the  desired  amount  of  contact  and  hence  be  in- 

tive.     On  the  other  hand,  the  portion  of  the  brake 

near  the  other  end  of  the  shoe,  being  at  the  distance  most 

te  from  the  fulcrum  point,  will  have  but  very  little 

■  !i  tin'  drum,  the  pressure  it  obtains  being  all 


1 1 — Internal  and  External  Brakes  Used  on  the 
Lapatettb  Car 

The  External-Contracting  Band  Bral  Bell-Crank 

and    the    Internal-Expanding    Brake     Is    Actuated    L.y    a    Duuble- 
Adjustable  Togj 

from  the  direct  action  of  the  cam  or  toggle.  To  give  full 
contact  area,  brake-linings  should  be  cut  back  from  the 
end  of  the  shoe. 

The  question  of  using  aluminum  shoes  for  brakes  is 
interesting.  Some  experiments  have  been  made  with 
them,  without,  however,  reaching  any  real  conclusion  so 
far  as  I  am  aware.  An  experimental  brake,  equipped 
with  an  external  contracting  brake  using  a  ribbed  alu- 
minum shoe  instead  of  the  ordinary  external  flexible 
band,  has  been  tried  out.  The  rib  on  this  was  of  great 
height  at  the  rear  or  middle  where  the  anchor  was  lo- 
cated, and  tapered  down  to  almost  nothing  on  the  two 
forward  ends  where  the  contracting  links  were  attached. 
Aluminum  has  the  quality  of  rigidity  and  ability  to 
radiate  heat. 

The  other  type  of  brake,  examples  of  which  are  illus- 
trated in  Figs.  9  and  12,  is  based  on  the  principle  of  a 
wrapping  band  that  encircles  the  body  entirely  and 
against  which  the  band  is  applied  by  force.  It  is  evi- 
dent that  the  pressure  exerted  on.  the  rigid-shoe  type  of 
brake  must  be  transmitted  directly  by  the  braking  mech- 
anism itself.  Using  the  wrapping  principle,  howevei 
the  true  action  is  worked  out,  a  maximum  amount  of 
brake  resistance  is  secured  by  the  action  of  the  brake  in 
wrapping  itself  up  in  the  band.  In  this  instance  a  very 
slight  amount  of  force  is  necessary  to  bring  the  wrap- 
ping part  into  operation,  and  then  the  very  action  of 


and  External  Expanding  Band  Typb 

or  Hi  I  I       n-Sin  i  vit,  the  Former  Being 

Operated 

the  moving  body  against  which  the  brake-shoe  works  be- 
comes in  itself  a  generating  force  of  power.  This  ad- 
vantage of  securing  the  maximum  holding-power  from  a 
minimum  amount  of  leverage  and  brake  pressure  recom- 
mends itself  strongly  to  the  engineer.  Brakes  should  be 
equally  powerful  in  both  the  forward  and  the  reverse 
directions.  This  applies  particularly  to  the  wrapping- 
band  type  of  brake.  It  is  very  apt  to  unwrap  in  the 
reverse  direction,  giving  no  braking  action. 

The  point  that  it  is  desired  to  establish  is  that  a  brake 
having  true  wrapping  action  will  give  practically  100- 
per  cent  surface-contact,  which,  of  course,  is  highly  ad- 
vantageous not  only  from  the  standpoint  of  effec- 
tiveness but  from  the  standpoint  of  quietness  in  the 
brake  action  and  the  life  of  the  lining.  It  is  a  well  estab- 
lished fact  that  brake-squeal  is  due  largely  to  concen- 
tration of  the  braking  pressure  on  limited  areas  of  brak- 
ing surface.  These  high  spots  or  contact  points,  being 
highly  stressed,  are  caused  to  chatter  and  set  up  vibra- 
tions. There  are  many  band-brakes  in  use  today  which, 
although  designed  primarily  on  the  wrapping  principle, 
do  not  really  work  out  in  this  way.  Instead  of  causing 
the  operating  levers  of  the  brake-shoe  to  draw  the  band 
down  snugly  over  the  entire  surface  of  the  drum,  the  con- 
struction of  the  brake-toggles  is  such  as  simply  to  bring 
great  pressure  on  the  few  inches  of  the  brake-band  near- 


Fio.   13 — Arrangement  of  thb  Operating  Lever  op  the-  Marmon 
Double  Internal  and  External  Brake  Shown  in  Fig.  9 

The   Width    of   the   Band   of   the   External    Service-^rake   Is   Much 
Greater  Than  That  of  the  Internal  Hand  or  Emergency-Brake  Band 
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est  the  toggle,  and  the  rest  of  the  brake-shoe,  which  prob- 
ably represents  nearly  75  per  cent  of  the  braking  area, 
is  doing  very  little  or  no  work. 

External  brakes  for  passenger"  cars  can  be  used  with 
lighter  drums  than  internal  brakes  because  the  expan- 
sion of  the  drum,  due  to  heating,  does  not  reduce  but 
rather  increases  the  power;  whereas,  internal  brakes 
have  insufficient  travel  on  the  levers  to  follow  up  the  in- 
creased circumference.  Neither  does  the  distortion  of  a 
thin  drum  noticeably  affect  the  power  of  the  brake  in 
contrast  with  internal  brakes  which,  except  in  the  wrap- 
up  internal  type,  rarely  fill  the  circumference  of  the  drum, 
and  especially  in  the  case  of  internal-shoe  brakes  where 
practically  no  more  than  half  of  the  drum  circumference 
is  utilized.  In  such  cases  the  drum  must  be  stiffened  or 
ribbed  to  minimize  distortion.  Exposure  to  dirt  and 
sometimes  a  rather  unsightly  appearance  are  objection- 
able features  of  the  external  brake.  The  cheapness  of 
manufacture  and  upkeep  has  been  responsible  largely  for 
the  popularity  of  this  type  of  brake  on  passenger  ve- 
hicles. The  external  brake  is,  of  course,  very  accessible. 
Consequently,  it  is  used  as  the  foot-brake  because  of  the 
relative  ease  of  relining  and  to  reduce  the  cost  of  upkeep. 

Uniform  and  Effective  Braking-Power 

To  secure  uniform  and  effective  braking-power,  the 
operating  levers  of  the  brake  should  be  of  such  construc- 
tion as  to  not  only  draw  the  brake-band  by  a  wrapping 
action  against  the  entire  surface  of  the  drum,  but  the 
operating  principle  should  be  such  as  to  draw  this  brake- 
shoe  band  down  with  uniform  pressure  on  the  brake- 
drum,,  as  is  brought  out  in  Figs.  13  and  14.  If,  when 
the  brake-pedal  is  pressed  down  and  the  operating  levers 
of  the  brake-shoe  begin  to  tighten,  the  pressure  of  the 
brake-shoe  is  50  per  cent  more  on  one  side  of  the  drum 
than  on  the  other,  it  is  obvious  that  the  effectiveness  of 
the  brake  has  been  lowered  greatly,  and  the  condition 
created  that  is  apt  to  cause  the  squeal  that  is  giving  so 
many  builders  of  cars  much  anxiety  at  present.  It  is 
only  necessary  to  examine  old  brake-shoes  to  illustrate 
very  clearly  the  points  to  which  reference  has  been  made. 
Engineers  who  have  examined  the  brake-lining  from  sev- 
eral different  makes  of  car  have  found  that  the  following 
conditions  apply.  If  the  brake-shoes  from  one  make  of 
car  are  examined,  it  will  be  found  that  the  lining  is  worn 
down  to  the  brake-shoe  for  possibly  3  or  4  in.  from  the 
end  of  the  brake  where  the  toggles  are  operating.  The 
wear  on  the  face  of  the  steel  band  grows  gradually  less 
as  the  hinge  part  of  the  brake  is  approached.  When  the 
hinge  point,  which  is  the  fixed  point  from  which  the 
brakes  operate,  is  reached,  very  little  wear  will  be  found. 
This  is  because  there  is  not  sufficient  travel  actually  to 
make  a  firm  contact,  as  has  been  pointed  out.  On  exam- 
ining the  brakes  taken  from  another  make  of  car,  it  may 
be  found  that  they  are  worn  through  to  the  steel  band  on 
one  edge  of  the  shoe  and  that  on  the  other  edge  at  least 
1  32  in.  of  lining  remains.  In  this  case  either  one  of 
two  things  has  happened;  the  steel  band  was  not  cor- 
rectly drawn  and  the  steel  is  thicker  at  one  edge  than  the 
other,  or  the  operating  mechanism  of  the  band  does  not 
draw  the  band  down  evenly  so  that  it  gets  an  even  pres- 
sure against  the  brake-drum  at  both  edges  of  the  band. 

Another  condition  that  will  be  found  is  that  the  brake- 
bands are  not  worn  at  the  ends,  where  the  toggles  are, 
or  at  the  hinge-point  to  a  perceptible  extent,  but  that  they 
are  worn  through  to  the  steel  at  a  point  about  one-half 
way  between  the  hinge  of  the  brake  and  the  operating 
toggles.  This  condition  is  due  purely  to  an  imperfect 
arc  of  a  steel  band.     The  band  either  has  been  bent  or 


sprung,  or  it  never  was  shaped-up  so  as  to  conform  to 
the  circumference  of  the  brake-drum  against  which  it 
was  intended  to  work.  Another  point  of  weakness  is  that 
when  the  adjustment  of  the  brake  is  too  close  to  the  drum 
the  blowing-in  of  sand  on  a  sandy,  dirty  road  can  create 
objectionable  friction  between  the  surfaces  of  the  brake- 
shoe  and  the  drum.  There  is  no  perceptible  drag  while 
the  car  is  clean,  but  as  soon  as  a  sandy  type  of  road  is 
encountered,  considerable  drag  is  introduced. 

Drag  is  due  also  to  insufficient  strength  of  the  releas- 
ing mechanism;  or  the  action  of  the  brake  may  not  be 
adequate  to  insure  a  proper  release  of  the  brake-band 
from  the  drum  when  the  brake-pedal  is  released  by  the 
driver,  as  shown  in  Fig.  10.  When  the  car  is  new,  it 
may  work  very  nicely;  however,  traveling  in  the  dust  and 
mud  of  the  road  for  some  months  often  has  the  effect  of 
causing  the  parts  to  work  heavily.  It  is  not  uncommon 
for  the  springs  used  to  release  the  brake-shoes  to  prove 
inadequate  for  their  work,  and  this  results  in  a  drag  on 
the  car,  premature  wear  on  the  face  of  the  shoe  and  often 
the  generating  of  sufficient  heat  to  blister  the  paint  on 
the  brake-drum.  A  brake-drum  should  be  very  well  fitted 
and  run  true.  Many  brake-drums  run  out  over  1  64  in. 
and,  as  the  clearance  between  the  liner  and  the  brake- 
drum  is  generally  less  than  this  amount,  the  brake-lining 
is  in  frequent  cases  rubbing  continuously. 

Exposed  and  Protected  Types 

From  the  standpoint  of  heat  radiation,  the  exposed 
type  of  brake  is  evidently  best  on  account  of  the  ability 
to  secure  air  circulation  and  consequently  more  rapid 
heat-dissipation.  Unfortunately,  however,  especially  on 
rear-wheel  applications,  the  open  type  of  brake  is  sub- 
ject to  the  severe  drawback  of  exposure  to  water,  dust 
and  grit.  Because  of  the  composition  of  the  brake-lin- 
ings, which  are  heat-resisters  primarily,  practically  all 
of  the  radiation  is  from  the  drum  and,  naturally,  the 
most  efficient  radiation  is  secured  when  the  entire  outer 
surface  of  the  drum  is  exposed  to  the  air.  With  refer- 
ence to  heat  radiation  from  the  drum,  it  would  be  very 
hard  to  imagine  any  worse  condition  possible  than  that 
obtained  in  the  conventional  internal  and  external  types 
of  brakes  used  on  the  majority  of  passenger  cars  and  on 
many  of  the  lighter  trucks.  No  more  efficient  insulation 
could  be  imagined  than  the  two  asbestos  linings,  one  ap- 
plied within  the  inner  and  the  other  on  the  external  sur- 
face of  the  drum,  when  both  sets  of  brakes  are  engaged. 
For  normal  driving  over  level  country,  such  a  system  is  all 
that  is  necessary,  of  course,  because  the  length  of  time  of 
brake  application  is  insufficient  to  raise  the  temperature  of 
the  drum  beyond  a  safe  value.  On  the  other  hand,  as  soon 
as  cars  equipped  with  brakes  of  this  type  attempt  to  ne- 
gotiate any  long,  steep  hills,  relying  on  their  brakes 
alone,  they  get  into  trouble.  In  other  words,  it  is  per- 
fectly possible  to  burn  out  the  brakes  on  even  the  best  of 
our  passenger  cars  on  a  trip  say  over  the  Lincoln  High- 
way from  Philadelphia  to  Pittsburgh,  where  the  long, 
steep  grades  of  the  Allegheny  Mountains  must  be  encoun- 
tered. The  motorist  has  only  one  resource  and  that  is  to 
use  his  engine  for  a  brake.  If  he  fails  to  do  this,  or  does 
not  know  how  to  do  it,  his  brakes  will  fail.  It  is  only 
necessary  to  go  into  this  part  of  the  Country  on  a  hot 
summer  day  to  find  that  the  air  around  the  bottom  of 
these  hills  fairly  reeks  with  the  aroma  of  burning  brakes. 

Side-by-side  internal  brakes,  which  allow  the  external 
surface  of  the  brake-drum  to  be  exposed  and,  conse- 
quently, permit  more  rapid  radiation,  are  only  a  partial 
solution  of  this  problem.  The  brake-drum  becomes 
heated  upon  the  application  of  one  set  of  brakes  for  any 
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eonaiderable  length  of  time,  of  course,  and  there  is  no 
great  advantage  in  being  a  he  use  of  the 

braking  system,  since  both  sets  in  use  are  compelled 
te  against  the  same  hoi  drum.  Another  draw- 
back to  the  double  internal-brake  is  that,  unless  the 
manufacturer  has  been  unusually  careful,  there  is  a  ten- 
dency K,  1'iake-shoe  widths  on  this  type  of  brake 
layout  to  accommodate  the  widths  of  the  drum  without 
getting  too  deep  a  brake-drum  flange  which,  of  course. 
requires  an  exceptionally  deep  draw  in  manufacturing 
the  pressed-steel  drum.  Two  concentric  drums  on  each 
wheel  would  separate  the  two  braking  systems  entirely 
from  each  other,  of  course,  but  introduce  complications 
that   lead  to   rattles  and  possibly   even   structural  weak- 

.  Furthermore,  the  inner  drum  is  apt  to  be  of  insuf- 
ficient diameter  and,  consequently,  the  inner  brake  of  in- 
sufficient surface-area.  It  is  very  difficult  to  design  a 
brake  of  this  kind  that  is  not  too  light  to  have  sufficient 
strength  and  still  lie  crowded  into  the  necessarily  confined 
space  provided.  In  addition,  the  inner  brakes  will  be 
very  apt  to  have  insufficient  radiating  surface  on  account 
of  the  insulating  effect  of  the  outer  brakes.  To  obviate 
the  use  of  the  single  drum  for  the  two  sets  of  brakes, 
one  is  forced  to  consider  the  propeller-shaft  brake,  or 
front-wheel  brakes,  of  which  more  will  be  said  later. 

Brake- Actuating  Means 

The  placing  both  the  service  and  the  emergency 
brakes  on  the  inside  of  the  drum  has  an  advantage 
besides  that  of  heat  radiation.  This  is  the  greater  pro- 
tection from  dirt,  as  can  be  seen  from  an  examination  of 
Fig.  4.  However,  objection  is  that  in  the  case  of  both 
of  brakes  it  is  necessary  that  they  be  cam-actuated. 
Some  engineers  believe  that  cam-actuated  brakes  are  apt 
to  be  not  positive.  This  is  a  debatable  point.  Where 
only  one  internal  brake  is  used,  the  toggle  construction 
can  be  utilized. 

Brake-actuating  means  are  so  well  known  that  there  is 
no  need  of  discussing  them  in  this  paper.  The  practice 
on  the  external  contracting  type  is  practically  universally 
in  favor  of  the  pivot  anchor  directly  opposite  the  con- 
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t raiting  mechanism.  The  brake  segments  are  formed 
with  eyes  for  the  anchorage  joint  or  the  steel  bands  have 
a  fitting  that  is  riveted  to  them  to  serve  the  same  pur- 
pose. The  brake  support  consists  of  a  bracket  secured 
to  the  rear-axle  tube  or  to  the  radius-rod.  The  contract- 
ing mechanism  is  nearly  always  a  floating  bell-crank  lever 
similar  to  that  shown  in  Fig.  11,  to  the  short  arm  of 
which  one  end  of  the  brake-band  is  connected  by  a  riv- 
eted bracket,  while  the  other  end  of  the  band  connects 
through  a  short  link  to  the  fulcrum  of  the  bell-crank. 
The  operating  rod  is  connected  to  the  long  arm  of  the 
bell-crank.  The  short  link  is  hinged  to  the  free  end  of 
the  brake-band  and  passes  through  the  fulcrum  pin,  the 
bell-crank  being  forked  at  the  lower  end.  A  butterfly  nut 
is  screwed  over  the  end  of  the  link  and  provides  a  con- 
venient adjustment.  The  adjustment  is  locked  by  the 
spring  surrounding  the  link,  which  forces  the  arms  of 
the  bell-crank  over  the  flat  end  of  the  wing-nut,  thus  pre- 
venting it  from  turning.  The  coil  springs  help  at  the 
same  time  to  release  the  band  when  the  pressure  is  taken 
off  the  brake-lever.  This  method,  while  offering  a  sim- 
ple and  efficient  means  of  applying  the  brakes,  has  also 
the  advantage  of  providing  a  simple  adjustment  means. 

The  operating  means  for  expanding  brakes  are  of  four 
types;  the  cam  as  shown  in  Fig.  15,  the  toggle  illustrated 
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in  Fig.  11,  the  wedge  and  the  double-arm  lever.  In  the 
cam  type  the  internal  shoes  are  pivoted  opposite  the  ex- 
panding point.  An  expanding  cam  is  placed  between  two 
flat  surfaces  or  is  contoured  to  fit  a  follower  surface  that 
permits  spreading  the  shoes  apart  to  secure  their  con- 
tact with  the  drum.  The  toggle  expanding  mechanism 
also  is  employed  very  frequently.  In  this  the  ends  of 
the  brake  segments  are  connected  by  a  pair  of  toggle- 
links  from  the  joints  of  which  another  link  runs  to  a 
bell-crank  whose  shaft  has  a  bearing  in  the  brake-sup- 
porting bracket.  Sometimes  one  or  both  of  the  toggle- 
links  are  adjustable.  The  toggle  mechanism  and  the 
cam  both  have  the  advantage  that  they  afford  quick  en- 
gagement at  first,  and  then  a  slower  engagement  as  the 
movement  progresses.  In  other  words,  a  greater  lever- 
age is  obtained  when  desired  and  so  is  greater  speed. 
The  wedge  expander  is  simply  the  action  of  a  wedge  that 
is  forced  between  the  two  ends  of  the  segments,  spread- 
ing them  apart  in  the  same  way  as  the  cam,  and  the 
double-arm  mechanism  simply  consists  of  two  levers  that 
throw  over  a  center,  forcing  the  ends  of  the  segments 
apart  when  actuated. 

Little  need  be  said  regarding  brake  releasing  except 
that  the  anti-drag  features  on  brakes  should  be  suffi- 
ciently strong  to  free  the  bands  or  shoes  from  the  drum 
positively  on  disengagement.  There  are  too  many  in- 
stances of  dragging  brakes,  due  to  having  these  made  too 
weak  for  the  purpose.  The  type  of  brake  adjustment  se- 
lected will,  of  course,  depend  on  the  design  of  the  brake- 
operating  mechanism.  With  some  types  of  mechanism, 
such  as  the  cam-expanders  used  in  internal-expanding 
brakes,  these  adjustments  are  difficult  to  make.  How- 
ever, the  question  of  adjustment  is  one  of  a  detailed  na- 
ture that  is  of  great  consequence  in  one  or  two  particu- 
lars. In  the  first  place,  the  adjustment  should  be  ex- 
tremely accessible  so  that  the  owner  can  adjust  his  own 
brakes  or,  if  he  needs  to  have  them  adjusted,  so  that  his 
bill  for  this  work  will  be  as  small  as  possible.  Another 
important  matter  regarding  brake  adjustment  is  that  it 
should  be  arranged  so  as  to  preclude  much  possibility  of 
upsetting  the  layout  of  brake  centers  when  it  is  made.  It 
is  very  encouraging  to  note  that  there  is  a  marked  ten- 
dency to  increase  the  diameter  of  the  brake-drums  even 
on  the  lighter  cars.  We  have  always  had  fairly  good- 
sized  brakes  on  our  heavier  and  more  expensive  cars,  but 
it  is  well  known  that  this  is  a  feature  that  has  been  ne- 
glected on  the  light  and  medium-weight  cars,  particularly 
those  which  sell  for  a  low  price.  Few,  if  any,  brake- 
drum  sizes  have  been  worked  out  by  formula.  Most  of 
them  have  been  made  by  guess-work  at  the  start  and  in- 
creased gradually  as  complaints  come  in  from  owners 
and  dealers  as  to  the  braking  ability  of  the  cars. 

Formula  for  Brake-Drum  Size 

I  have  checked  a  formula  that  was  worked  out  by  a 
passenger-car  engineer  who  had  given  the  subject  con- 
siderable attention.  It  gives  results  that  are  very  good 
in  the  light  of  present  accepted  practice.    The  formula  is 

d  =  {(Wf-y-2w)  +1.5]  -=-*• 
where 

d  =  Diameter  of  the  brake-drum  in  inches 
/  =  Factor  of  0.045  sq.  in.,  or  the  total  effective  serv- 
ice-brake   surface    per    pound    of    the    maximum 
weight  of  the  ear 
W  -    Maximum  weight  of  car  and  load  in  pounds 
w  =  Assumed  width  of  brake  in  inches 
1.5  =  Allowance  for  clearance  between  the  ends  of  the 
brake-lining 

The  results  of  this  can  be  checked  against  an  area  of 
1  sq.  in.  per  17  lb.  of  car-weight.     For  example,  apply- 


ing the  formula  to  the  Ford  car  and  assuming  the  total 
weight  to  be  2500  lb.  with  passengers  and  a  1%-in.  width 
of  brake-band,  it  will  give  a  drum  diameter  of  12.4  in. 
or,  say  12V2  in.  This  would  be  about  correct  for  this  size 
of  car.  For  another  example,  applying  this  formula  to  a 
large,  closed  car  having  a  weight  with  passengers  of  say 
6000  lb  and  a  212-in.  width  of  brake-band,  it  would  give 
a  171/2-in.  diameter  of  brake-drum.  Using  the  formula  for 
other  car  sizes  and  weights,  the  results  appear  to  work 
out  very  satisfactorily.  A  brake  exercises  its  maximum 
efficiency  when  it  is  just  short  of  locking  the  wheels. 
This  has  been  demonstrated  in  railroad  practice  and  is 
well  known  by  experienced  drivers. 

Car-Stoppage  Ability 

It  will  be  interesting  to  note  what  is  considered  good 
braking  in  the  ordinary  rear-wheel-brake  application  in 
stopping  a  vehicle.  Table  1  has  been  taken  from  a  test 
made  on  a  car  which,  with  passengers,  weighed  close  to 
4000  lb. 


TABLE    1 — 

REAR-WHEEL 

BRAKE    STOPPAGE-ABILITY 

Distance  Required  for 

Standard  Given  by 

Speed, 

Stop 

on  Actual  Test, 

Thermoid  Rubber  Co., 

m.p.m 

ft.  in. 

ft.  in. 

10 

9—  0 

9—2.4 

20 

34—11 

37—0.0 

25 

53—  7 

58—0.0 

30 

74—  5 

83—3.6 

40 

135—  6 

148—0.0 

50 

178—  0 

231—0.0 

An  allowance  of  17  lb.  of  car-weight  per  sq.  in.  of 
brake  area  can  be  recommended  for  light  and  medium- 
weight  cars ;  20  lb.  for  heavier  cars ;  and  30  to  50  lb.  for 
medium  and  heavy  trucks.  Although  the  diameter  of 
the  brake  is  the  main  consideration  in  determining  the 
holding  power,  since  it  determines  the  braking  or  re- 
tarding leverage,  the  width  of  the  brake  is  a  highly  im- 
portant factor.  On  the  other  hand,  engineers  should 
not  be  misled  into  putting  too  great  a  width  on  the 
brake,  because  of  the  difficulty  to  secure  a  full  contact 
between  the  lining  and  the  drum  when  the  brake  is  new 
or  when  the  lining  is  replaced.  The  engineer  who  recom- 
mends the  formula  that  has  been  presented,  after  hav- 
ing detenrrined  the  size  of  the  drum  (assuming  that  he 
is  designing  an  internal  contracting  brake),  lays-out  the 
contracting  mechanism  so  that  the  operating  lever  hangs 
down  and  the  pull  on  it  is  in  the  opposite  direction  to 
that  of  the  torque  reaction.  After  having  located  prop- 
erly the  center  of  the  eye  of  the  operating  lever  as  near 
the  center  of  the  torque-reaction  circle  as  possible  to 
keep  the  brakes  from  grabbing,  the  linkage  is  then  laid 
out  to  produce  a  30-lb.  pedal-pressure  to  lock  the  wheels. 

The  linkage  ratio  generally  is  determined  finally  by 
experimenting.  So  far  as  we  know,  there  is  no  formula 
that  is  reliable  enough  to  recommend.  Tentative  linkage- 
ratios  are  first  determined  by  assuming  a  5-in.  stroke  at 
the  pedal  and  juggling  this  with  the  stroke  of  the  lever 
that  operates  the  contracting  mechanism  on  the  drum,  as 
determined  by  the  layout.  The  cross-shaft  location  and 
the  location  of  the  center  line  of  the  eyes  of  the  levers 
on  the  cross-shaft  can  be  determined  by  making  a  half- 
size  wood  model  of  the  main  leaf  of  the  rear  spring,  and 
this  is  fastened  to  the  drawing  on  the  board  by  wooden 
pins  and  shackles  representing  actual  conditions.  Fast- 
ened to  the  wooden  single-leaf  spring  is  a  simulation  of 
the  rear-axle  with  the  location  of  the  brake  operating- 
lever  eyes.  The  model  is  then  moved  upward  and  down- 
ward a  distance  representing  the  maximum  deflection  of 
the  spring     The  curve  of  the  movement  of  the  lever  eye 
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is  then  easily  plotted;  the  curve  for  torque  reaction 
can  be  plotted;  and  from  these  data  it  is 
mine  accurately  the  proper  location  of  the  i  the 

to  the  levers  on  the  cross-shaft.     This  layout   can 

hecked  experimentally  by  bolting  a  metal  shit-KI  to 
the  frame  of  the  car  betwi  ad  the  brake-drum,  to 

which  drawing  paper  is  glued.     Pencils,  hold  againsl  the 
paper  by  spring  plungers,  arc  located  in  the  Bame  pit 
as  the  Operating-leVer  eyes  and,  when  the  car   is  di 
trace   the  actual   movement    of   t  lie   lever  eyes    lor  torque 
reaction  and  Bpring  deflection.     These  curves  are  then 
checked  againsl  the  curves  determined  on  the  drawing- 

d  layoul   ami  the  levers  ami  their  locations  are  then 
determined  finally.    The  engineer  who  uses  this  method 

states  that  it  lias  never  failed  to  produce  a  good  braking- 

tem. 

The  subject  of  proper  layout  for  the  brake  linkage  is 
a  large  one  in  itself.  This  matter  was  covered  very  fully 
in  a  paper  on  the  Correct  Location  of  Brake  Levers, 
Walter  C.  Baker,  of  the  Standard  Parts  Co.,  tha 
sented  before  the  Cleveland  Section.  With  the  rlotchkiss 
drive  this  is  a  very  important  matter,  and  is  now  receiv- 
ing the  consideration  it  deserves,  although  a  tew  car 
builders  have  realized  the  importance  of  it  t  !  ime. 

I'  is  a  fact,  however,  that  an  alarming  percentage  of  auto- 
mobiles having  the  Hotchkiss  type  of  drive  gives  a  very 
unsatisfactory  brake-action  over  a  rough  road.  I  have 
noticed  some  extreme  cases  where  the  links  have  been 
far  off  from  the  desired  center.  In  one  particular  in- 
stance, when  driving  a  certain  car  not  long  ago,  the  pedal 
moved  through  3  or  4  in.  of  travel  when  running  over 
extremely  rough  roads,  and  actually  applied  the  brakes. 
When  attempting  to  apply  the  brakes  over  roads  of  this 
kind,  the  wheels  would  alternately  lock  and  release  as 
the  obstructions  in  the  road  were  encountered,  causing 
a  tremendous  chatter  to  be  set  up  that  not  only  made 
driving  very  unpleasant,  but  was  extremely  hard  on  the 
tires  as  well  as  on  the  entire  structure  of  the  car.  Mr. 
Baker  described  in  his  paper  the  use  of  a  simple  measur- 
ing-device that  permitted  locating  the  proper  center  for 
the  link-eyes.  This  center  should  coincide  with  the  center 
of  torque  rotation  and  the  center  of  spring  flexure  so 
that  little  or  no  pedal-action  can  be  caused,  either  by 
the  flexure  of  the  springs  or  by  the  torque  reactions  in 
the  rear-axle  tube  to  which  the  brake  support  is  con- 
nected. 

An  important  point  that  should  be  taken  into  con- 
sideration in  determining  the  position  of  the  operating 
levers  is  that  the  pulling  levers  should  all  be  arranged 
so  that  they  will  start  in  the  longest  position,  or  at 
approximately  90  deg.  in  relation  to  the  rod,  and  end 
their  movement  at  the  shortest  radius  and  with  angles 
greater  than  90  deg.  The  pulled  levers  are  arranged  to 
start  operating  at  their  shortest  radius  and  end  their 
movement  at  the  longest  radius  with  an  angle  of  approxi- 
mately 90  deg.  when  the  brakes  are  applied.  There  is  a 
general  belief  that  the  best  results  can  be  obtained  by 
the  use  of  brake-rods  having  from  joints  that  are  as 
nearly  as  possible  in  line  with  the  front  pivot  of  the 
radius-rods  or  torsion-tube,  where  used,  or  with  the  front 
spring-eye  of  the  rear  spring  in  the  Botchkiss-drive 
arrangement.  Good  results  can  be  obtained  when  the 
rear  ends  of  the  rods  are  joined  to  brake  levers  at  the 
back  of  the  axle,  instead  of  at  the  front  as  shown  in  Fig. 
16.  In  this  position,  the  radius  of  their  motion  is  longer 
and,  consequently,  the  chord  of  the  arc  through  which 
they  travel  in  response  to  spring  action  is  flatter,  pro- 
ducing less  push-and-pull  effect.    This  position  sometimes 

'See  Transactions,  vol.  14,  part  1,  p.  657. 


has  the  advantage  of  placing  the  rear  ends  of  the  rods 
where   they   are   more   accessible   for  adjustment.     To 

emphasize   this    point   of  adjustment    it    must    be   pointed 
out  that   poor  adjustments  often  will  spoil  a  food  brake- 
layout.    The  burden  of  blame,  however,  should 
by  the  design.i.  because  of  his  failure  to  providi 

ments     that     are     more     nearly     fool-proof.       The    brake- 
adjustment     means    should    be    simple    and    accessible    SO 

that   the  opera  oi   can  keep  the  brakes  properlj    set-up. 

It   should  lie  possible  to  take  up  wear  on  a*  brake  by  hand, 

without  the  use  of  any  tools,  i he  adjustment  being  made 
is  to  be  sell  locking  and  proof  against  loosening  from 
vibration  or  road  shocks. 

Brake  Equalizi  ecs 
Regarding   brake   equalizers,    there   are   two   directly 

opposite  schools;  one  believes  that  brake-  cannot  be 
equalized  commercially,  and  the  other  uses  brake  equal- 
izers as  stock  practice  only  on  the  service  brake,  gener- 
ally, but  sometimes  on  both.  The  reasons  given  by  both 
-ides  are  very  interesting  and  cast  some  light  on  the 
entire  question  of  brake-linkage  layout.  Some  of  those 
who  do  not  use  equalizers  believe  in  equalization,  but 
think  that  it  is  secured  inherently  in  the  mechanism  that 
employ,  without  a  special  equalizer-bar.  Equal- 
ization is  secured  by  some  of  the  companies  through  use 
of  cross-shafts  that  are  sufficiently  long  and  flexible  so 
that  they  will  spring  enough  to  distribute  the  pressure. 
This  has  the  advantage  that  in  case  rods,  pins  or  any 
parts  break  or  become  loose  on  one  side,  it  will  not  cause 
the  other  brake  to  be  inoperative.  An  interesting  reason 
that  has  been  cited  against  the  use  of  equalizers  is  that 
if  they  are  not  used  and  if  oil  collects  on  any  one  of  the 
brakes  and  then  the  brakes  are  applied,  greater  braking 
is  received  from  this  wheel  than  if  an  equalizer  were 
used.  There  is  doubtless  a  great  amount  of  difficulty  in 
getting  equalizers  to  work  so  that  they  will  be  absolutely 
certain.  For  this  reason  they  have  not  been  used  by 
many  firms.  One  builder  states  that  it  is  possible  to 
obtain  a  set  of  equalizers  that  work  perfectly  before  the 
car  is  painted  and  never  work  afterwards,  or  be  very 
satisfactory  after  the  car  is  painted  but  go  out  of  com- 
mission after  the  first  piece  of  dirt  gets  into  the  brake- 
shaft  bearing. 

The  question  comes  back  to  whether  the  equalizer  can 
be  made  a  commercial  proposition.  There  is  no  doubt 
that  a  perfectly  equalized  brake  is  better  than  one  that  is 
not  equalized,  the  matter  being  more  of  a  commercial 
one  as  to  whether  brakes  can  be  equalized  so  that  they 
will  remain  so  under  service  conditions.  Of  course,  with- 
out equalizers  it  is  absolutely  essential  that  a  very  care- 
ful adjustment  be  made  in  the  brakes  so  as  to  have  both 
take  hold  with  equal  strength.  When  cars  are  not 
equipped  with  equalizers,  there  is  a  tendency  for  a  brake 
to  take  hold  at  one  wheel  only  if  the  adjustment  is  not 
proper.  The  result  is  that  this  wheel  is  often  swung 
backward  into  the  center  line  of  the  axis  of  the  car.  In 
other  words,  if  the  brake  that  holds  be  the  rear  right 
brake,  the  rear  end  of  the  car  would  have  a  tendency  to 
swing  to  the  left,  an  action  that  is  dangerous  at  high 
speed  or  over  slippery  roads. 

Some  of  the  constructions  of  the  equalizing-bars  are 
very  ingenious.  They  must  be  made  rattle-proof  but  at 
the  same  time  capable  of  taking  all  the  stresses  of  brake 
application  without  noise.  One  company  in  the  low- 
priced  field  uses  two  equalizing-bars  as  well  as  four  pull- 
back  springs  hooked  to  the  rear  axle.  The  result  has 
been  a  low-priced  installation,  particularly  in  view  of  the 
fact  that  it  has  been  necessary  to  run  the  brake  leverage 
le  the  frame  with  this  design.     It  has  been  found 
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economical  by  some  to  put  the  equalizer  on  the  rear  axle. 
This  eliminates  the  necessity  of  having  to  employ  a  more 
extensive  construction  near  the  center  of  the  car.  One 
of  the  best  compensating  devices  is  the  portion  of  a 
differential  gear  that  has  been  used  for  years  on  the 
Rolls-Royce  and  has  been  seen  on  one  of  the  higher- 
priced  American  cars  brought  out  within  the  last  2  or 
3  years. 

When  all  phases  of  the  matter  are  considered,  it  is 
found  possible  fo  get  good  results  with  either  equalized 
or  unequalized  brakes.  The  question  is  really  one  of  com- 
mercial practice  rather  than  actual  mechanical  preference. 
An  objection  to  unequalized  brakes  is  that  if  the  connec- 
tions to  the  brake  on  one  side  are  a  little  stiffer  than  the 
connections  to  that  on  the  other  side,  the  brake  on  the 
freer  side  will  release  before  that  on  the  tight  side,  tend- 
ing to  cause  skidding.  This  condition  is  in  rare  cases 
so  exaggerated  that  the  freer  side  will  release  enough 
to  allow  the  pedal  to  come  back  to  the  stop  without  re- 
leasing the  tight  brake.     This  naturally  will  cause  the 


Fig.  16 — Cable  Type  of  Service  Brake  Used  on  the  Lexington  Car 

The    Position    of   the    Operating   Lever   Behind    the    Axle    and    the 

Accessible  Adjustment  Should  Be  Noted 

dragging  of  one  brake,  with  an  increased  fuel-consump- 
tion and  unnecessary  wear  on  the  bands. 

Some  recent  installations  of  cable  equalizers,  an  ex- 
ample of  which  is  illustrated  in  Fig.  16,  are  interesting. 
Care  should  be  taken  against  stretch  and  excessive  back- 
lash. The  entire  question  of  equalization  must  be  solved 
by  individual  preference,  for  there  is  much  to  be  said 
on  both  sides  and  it  is  feasible  to  get  good  results  either 
with  or  without  equalizers.  It  is  possible  to  prevent 
rattle  in  any  case  throughout  the  entire  linkage  by  the 
careful  installation  of  take-up  springs  that  keep  the  link- 
age under  tension  at  all  times. 

Brake-Linings 

The  subject  of  this  paper  is  brake  design  and  not 
brake-lining.  However,  there  are  a  few  qualities  of 
brake-lining  that  should  be  taken  into  consideration.  In 
the  first  place,  there  is  a  direct  connection  between  the 
two  subjects,  because  good  results  cannot  be  expected 
from  any  brake-lining  unless  the  brakes  are  designed  so 
as  to  allow  its  good  qualities  to  assert  themselves.  It  is 
unfair  to  expect  any  brake-lining  to  give  good  results 
when  the  brake  design  is  such  that  it  is  impossible  for 
the  heat  generated  in  deceleration  to  be  dissipated.     It 


must  be  remembered  that  the  coefficient  of  friction  of 
brake-lining  is  different  when  the  brakes  are  cool  from 
what  it  is  when  they  are  hot.  This  has  been  demon- 
strated very  effectively  by  the  Bureau  of  Standards 
which,  in  cooperation  with  the  Motor  Transport  Corps 
and  the  Society  of  Automotive  Engineers,  has  made  ex- 
tensive tests  of  brake-lining  materials.  Many  of  these 
have  been  published.  One  interesting  fact  was  demon- 
strated regarding  the  coefficient  of  friction.  During  the 
long-time  runs  with  cooled  drums,  the  coefficient  remains 
more  nearly  constant  than  during  hot  tests.  The  aver- 
age value  of  the  coefficients  of  a  number  of  samples  of 
brake-linings  was  nearly  0.40.  In  some  places  it  was  as 
low  as  0.30,  while  in  a  few  samples  only  was  the  average 
over  0.50.  The  extreme  values  of  the  coefficients  were 
appi-oximately  0.28  and  0.60.  The  effect  of  leakage  of 
oil  to  the  brake-shoes  was  demonstrated  in  these  tests 
by  saturating  samples  of  the  lining  with  oil  and  then 
noting  the  coefficient  of  friction.  A  few  samples  satur- 
ated with  oil  and  with  oil  constantly  supplied  showed  a 
coefficient  between  0.10  and  0.20.  After  discontinuing 
the  supply  of  oil,  the  coefficient  rose  in  from  15  to  30 
min.  to  values  between  0.20  and  0.30  and  was  then  main- 
tained steadily.  The  question  of  how  much  brake-area 
a  car  should  have  is  one  that  has  been  given  considerable 
attention  since  the  tests  mentioned  were  made.  One 
very  prominent  manufacturer  of  brake-lining  states  that 
a  car  should  have  a  brake  with  a  surface  equal  to  1  sq.  in. 
for  every  17  lb.  of  car  weight.  ■  This  alludes  to  the  actual 
surface  of  brake-lining  that  should  be  used. 

Another  fact  that  should  be  mentioned  in  this  brief 
discussion  of  brake-lining  is  that  it  is  very  regrettable 
that  the  so-called  standard  figures  on  brake-lining  ai-e 
not  really  standard  at  all.  One  large  manufacturer  of 
brake-lining  states  that  it  is  his  belief  that  the  number 
of  sizes  should  be  reduced  materially.  He  says  that  four 
or  five  widths  are  ample  to  cover  the  range  of  passenger 
cars  and,  with  the  addition  of  one  or  two  sizes,  the  same 
would  hold  true  for  trucks.  This  same  manufacturer 
argues  that  the  same  thing  applies  to  the  thickness ;  it  is 
.the  belief  of  this  company  that  satisfactory  and  econom- 
ical service  cannot  be  obtained  from  lining  less  than 
3/16  in.  thick.  To  sum  up  these  two  points,  the  opinion 
of  this  company  is  that  everybody  would  be  benefited, 
from  the  manufacturer  to  the  consumer,  if  the  linings 
were  standardized  to  eight  numbers  at  the  most.  The 
dealer  could  then  afford  to  stock  the  complete  line  and 
delays  necessitated  under  the  present  diversified  num- 
bers would  be  lessened  greatly.  As  a  general  matter,  it 
can  be  stated  that  the  prevailing  view  among  brake- 
lining  manufacturers  is  that  the  average  passenger  car 
and  truck  is  under-braked  and,  consequently,  that  too 
severe  stresses  are  being  placed  upon  the  lining  and 
exaggerated  requirements  exacted.  Looking  at  the  mat- 
ter from  the  other  side  of  the  picture,  one  prominent 
engineer  in  the  passenger-car  field  states  that  he  be- 
lieves there  is  much  room  for  improvement  in  brake- 
linings.  Most  of  them  are  woven  very  loosely  and  are 
compressed  easily,  he  says,  "So  that  the  brakes  fre- 
quently must  be  taken  up  on  account  of  the  great  pressure 
exerted  on  the  brake-shoes  compressing  the  woven 
asbestos,  rather  than  because  of  actual  wear  that  has 
taken  place."  The  manufacture  and  composition  of 
brake-lining  should  receive  careful  attention  and  treat- 
ment from  the  Society.  They  are  certainly  at  least 
equal  in  importance  to  the  design  of  the  brakes  them- 
selves. 

If  we  were  to  sum  up  the  brake  situation  from  what 
we  have  seen  in  the  review  of  brake  design  up  to  this 
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point,  we  would  be  forced  to  the  conclusion  thai  we  are 
aining  as  good  results  as  can  be  e  with  the 

brake  systems  now  in  use.     If  we  are  nol   getting  these 

results,  it  is  because  we  are  neglecting  some  of  the 
■  lit  points  that  have  been  mentioned  here.    We  have 

Insufficient   braking-area  the   brake-drums  are 

not  large  enough,  the  type  of  installation  used  does  not 
apply  the  full  surface  at  its  full  efficiency,  we  have  weak 
or  flimsy  materials  in  the  construction  of  the  brakes,  the 

layout   i-  not  such  as  to  produce  I    results,  the 

iirake  linkages  are  incorrect   and  do  not   give  the  desired 

pressure  on  the  brakes,  or  the  heat-dissipating  qualities 
are  not  sufficient  to  take  care  of  braking  for  an  ext< 

length  of  time  down  long  grades.  When  we  have  gone 
all  through  the  features  of  design  that  make  a  brake 
good,  we  are  in  a  position  to  ask  ourselves  whether 
we  are  obtaining  the  results  that  we  should  expect.  A 
very  large  percentage  of  engineers  will  agree  that  we  are 
not. 

Brakes  of  the  Future 

We  are  entering  a  period  in  the  economic  life  of  the 
Country  in  which  automotive  transportation  is  just  be- 
ginning to  come  into  its  own.  With  hundreds  of  millions 
of  dollars  to  be  expended  for  roads  during  the  next  few 
years,  the  possibilities  of  automobile  transportation  are 
about  to  be  realized.  The  through  trunk-line  roads 
to  be  constructed  mean  that  automobiles  will  travel  them 
from  end  to  end  at  high  rates  of  speed.  We  look  for  the 
time  when  speed-limits  on  these  roads  will  be  either 
abandoned  altogether  or  lifted  to  such  an  extent  that  the 
express  train  will  be  rivaled. 

If  these  conditions  are  to  apply,  it  will  be  necessary 
to  control  the  car  much  more  effectively  than  is  now 
necessary  in  the  ordinary  traffic,  and  we  will  have  very 
little  use  for  braking  systems  that  are  not  superior  to 
those  that  we  now  have  installed.  The  time  is  coming 
rapidly  when  moderate  rates  of  speed  will  prevail  only 
it  city  driving,  and  throughout  the  Country  the  express 
lines  for  passenger  or  freight  ears  will  be  operated  at 
speeds  of  from  30  to  50  instead  of  from  20  to  35  m.p.h. 
Many  of  our  prominent  national  routes  traverse  many 
miles  of  actually  mountainous  country.  The  part  of 
Lincoln  Highway  between  Philadelphia  and  Pittsburgh, 
which  has  been  much  traveled  during  the  past  few  years, 
was  one  of  the  big  connecting-links  for  automobile  trans- 
port during  the  war.  Those  who  were  in  the  motor 
transport  service  during  the  war  will  remember  that  it 
was  necessary  to  reline  practically  every  set  of  brakes 
on  the  trucks  that  reached  the  eastern  coast  after  a  trip 
over  this  highway. 

The  Engine  as  a  Brake 

It  must  be  admitted  frankly  that  the  heat-dissipating 
qualities  of  our  present  braking-systems  are  not  suffi- 
cient to  care  for  the  extreme  load  of  mountain  driving. 
To  come  through  safely,  we  must  use  the  engine  as  a 
brake.  If  this  is  acceptable  and  desirable,  there  is  little 
more  to  be  Baid;  because,  by  using  the  engine  as  a  brake, 
the  braking  system  can  be  nursed  carefully  so  that  it 
will  not  be  worn-out  in  an  unduly  short  period  of  time. 
If,  on  the  other  hand,  the  procedure  is  unsatisfactory 
and  we  should  have  a  braking  system  independent  of  the 
engine,  we  are  driven  to  other  methods.  It  should  be 
stated  that  if  automobile  and  truck  designers  expect  the 
engine  to  be  used  as  a  brake,  the  elements  receiving  the 
braking  stresses,  such  as  the  universal-joints  and  power- 
transmission  parts  in  both  the  gearset  and  the  rear  axle, 
should  be  designed  accordingly.  It  is  necessary  only  to 
stand  at  the  foot  of  the  hill  on  the  New  Jersey  side  of 
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the  ferry  from  Dyckman  Street,  New  York  City,  or  at  the 
foot  of  any  of  the  long,  steep  hills  around  Pittsburgh, 
and  listen  to  the  squealing  of  dry  and  overheated  clutch 
and  transmission  bearings  to  realize  that  there  are  many 
instances  where  the  engine  and  transmission  system  is 
not  adapted  to  taking  the  braking  stresses. 

A  development  that  is  tending  to  make  the  use  of  the 
engine  as  a  brake  much  easier  is  the  invention  of  gear- 
shifting  devices  that  permit  changing  speeds  up  or  down 
regardless  of  the  speed  of  the  vehicle.  It  is  the  inability 
to  slip  from  high  gear  into  intermediate  when  going 
downhill  that  makes  engine-braking  very  dangerous. 
With  some  of  these  new  transmission-systems  it  is  pos- 
sible to  go  not  only  into  intermediate  but  into  low  or 
even  reverse  should  this  be  required  under  these  circum- 
stances. 

Four-Wheel  and  Front-Wheel  Brakes 

The  four-wheel  brake  offers  some  very  interesting 
possibilities  for  both  passenger  cars  and  trucks.  The 
chief  criticism  that  has  been  directed  against  it  is  its 
complications.  Whether  this  will  be  sufficient  to  kill  the 
idea  remains  to  be  seen.  I  believe  that  within  the  next 
5  years  we  will  find  a  very  marked  increase  in  the  use 
of  this  system  of  brakes.  With  a  braking  system  in 
which  all  four  wheels  are  equipped  with  brake-drums,  the 
brakes  being  applied  simultaneously  by  the  service-brake 
pedal,  and  an  emergency  brake  on  the  propeller-shaft,  it 
would  seem  that  a  very  efficient  layout  could  be  obtained. 
We  are  limited  in  braking  ability  by  the  frictional  con- 
tact between  the  tires  and  the  ground.  There  are  four 
points  of  contact  and,  if  all  four  wheels  were  locked,  a 
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Fig.    19 — Brake  Connection  Layout  (Reading  from  the  Top 
Down)   on  thb  Bellanger,  Excelsior  and  Delage  Cars 

total  braking  drawbar-drag  of  a  fixed  quantity  would  be 
available  to  stop  the  car.  This  quantity  is  different  for 
every  condition  of  the  ground  but,  inasmuch  as  the  car 
weight  can  be  stated  as  being  approximately  60  per  cent 
on  the  rear  and  40  per  cent  on  the  front  wheels,  if  we 
add  the  two  front  wheels  to  our  braking  equipment,  we 
increase  the  braking  possibilities  by  40  per  cent,  neglect- 
ing the  moment  that  tends  to  throw  an  increased  weight 
on  the  front  wheels  and  which  would  consequently  aug- 
ment the  brake  efficiency  of  the  front-wheel  brakes 
to  a  very  large  extent;  or,  to  put  it  in  another  way,  we 
reduce  the  amount  of  heat  that  must  be  dissipated 
through  the  rear  drums  by  a  like  amount,  in  bringing 
the  car  to  a  stop.  Th'is  reduction  can  be  made  in  either 
the  time  or  the  temperature  factor,  provided  we  are 
bringing  the  car  to  a  stop  within  a  definite  distance  or 
in  the  shortest  possible  time. 

There  is  no  doubt  about  the  increased  efficiency  of 
braking  with  four-wheel  brakes.  The  tendency  to  skid 
is  recognized  to  be  less,  and  the  question  simmers  down 
to  whether  the  additional  complication  necessary  is  com- 
pensated by  the  increased  braking-ability.  It  is  a  fact 
that  the  use  of  front-wheel  brakes  would  tend  to  reduce 
the  number  of  accidents  due  to  skidding.  They  would  be 
well  justified  even  at  a  slight  increase  in  the  cost  of 
manufacture  and  in  spite  of  the  added  complication. 
With  the  present  heavy  traffic  in  all  cities  it  is-  not  un- 
usual for  100  or  more  vehicles  to  suffer  skidding  acci- 
dents during  the  morning  or  evening  rush  hours.  In 
the  first  light  snowfall  of  1921  in  Detroit  I  counted  10 


cars,  during  a  single  trip  downtown,  that  had  suffered 
rear-wheel  fracture  due  to  skidding  over  the  slippery 
paved  streets  into  the  curbs.  If  front-wheel  brakes  would 
tend  to  cure  this  situation,  as  well  as  to  increase  the 
safety  of  both  pedestrians  and  vehicles  during  wet  and 
slippery  weather,  they  should  be  carefully  considered  by 
the  industry,  which  must  hold  itself  responsible  for  all 
accidents  due  to  imperfection  of  design.  In  hilly  cities, 
such  as  Pittsburgh,  the  number  of  skidding  accidents 
in  wet  weather  is  tremendous,  in  spite  of  the  fact  that 
cinders  are  spread  on  nearly  all  of  the  bad  curves  and 
grades  to  prevent  these  accidents.  It  is  useless  to  say 
that  operators  should  not  drive  at  20  to  35  m.p.h.  down 
these  wet  and  icy  hills  and  then  try  to  stop  suddenly.  If 
they  do  drive  that  way  and  are  within  the  law,  it  is  in- 
cumbent upon  the  industry  to  provide  brakes  that  will 
meet  the  conditions  if  it  is  possible  to  do  so. 

It  is  possible  to  operate  four-wheel  brakes  mechanically, 
hydraulically,  pneumatically  or  electrically.  All  these 
methods  have  been  tried  with  varying  degrees  of  suc- 


Fig.    20 — Brake    Connection    Layout    (Reading    from    the    Top 

Down)    on   the   Darracq,    Hispano-Suiza,    Isotta-Fp.aschini    and 
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Fig.  21 — Front-Whkkl  Brake  ok  the  Dufour  Trvck  at  the  Left  and  at  the  Right  tip  I    ont-Whebl  Brake  oi 

1911  i         \ed  Steering  Pivot 


The  hydraulic  system  probably  shows  the  greatest 
promise  at  present  because  of  its  simplicity  and  also  from 
the  standpoint  of  perfect  equalization.  It  has  received 
one  marked  criticism  in  thai  failure  of  one  of  the  p 
throws  the  entire  system  oul  of  order.  However,  with  a 
suitable  large  transmission-brake  as  emergency  equip- 
ment, this  objection  is  largely  overcome. 

A  criticism  of  some  weight  that  has  been  offered  on 
front-wheel  brakes  is  the  tendency  to  go  into  a  front- 
wheel  skid;  but  it  can  be  overcome.  The  front-wheel  skid 
is  caused  by  attempting  to  steer  the  car  when  the  brakes 
are  applied.  It  is  apt  to  occur,  for  instance,  in  going 
into  a  curve  at  high  speed  and  attempting  to  check  the 
speed  suddenly.  The  dragging  action  of  the  front  wheels 
on  the  ground,  enhanced  by  the  angle  at  which  the  wheels 
are  turning  in  steering,  will  throw  the  car  into  a  front- 
wheel  skid  if  the  ground  is  at  all  slippery,  or  covered 
with  a  loose  and  non-adhering  top-dressing.  A  remedy 
for  this  is  to  make  the  rear-wheel  brakes  slightly  more 
powerful  than  the  front-wheel  brakes.  On  a  recent  in- 
stallation of  hydraulic  four-wheel  brakes  on  a  heavy 
passenger-car.  shown  in  Fig.  17,  the  brake-drums  are 
forgings  16  in.  in  diameter  on  all  four  wheels.  The 
drums  are  ground  to  obtain  a  perfect  braking-surface. 


Circumferential  fins  are  machined  on  the  outer  edges  to 
provide  strength,  together  with  lightness  and  radiating 
surface.  The  four  brakes  are  operated  by  hydraulic 
pressure.  A  master  cylinder  is  connected  to  the  brake- 
pedal  and  the  liquid  is  forced  through  the  lines  running 
to  the  four  wheels  by  a  piston  in  the  master  cylinder.  A 
small  cylinder  in  each  of  the  four  brakes  has  a  piston 
that  is  forced  upward  by  the  liquid  entering  the  cylinder. 
The  piston  at  the  brakes  operates  a  toggle-arm  that,  in 
turn,  expands  the  two  brake-shoes  in  each  brake.  All 
tour  of  these  brakes  are  operated  simultaneously  by  the 
service-brake  pedal.  An  interesting  feature  of  the 
brakes  is  that,  owing  to  the  floating  arrangement  of  the 
piston  and  the  toggle,  the  brakes  are  self-centering  and 
consequently  self-equalizing.  When  the  brakes  are  ap- 
plied, they  provide  equal  pressure  against  the  drums. 
Water  is  used  as  the  brake-operating  fluid  in  summer, 
and  an  anti-freeze  solution  in  winter.  -In  this  car  the 
hand-brakes  operate  on  a  drum  at  the  forward  end  of 
the  propeller-shaft. 

The  Servo  Principle  of  Operation 

The  Hispano-Suiza  firm  showed  at  the  French  Salon 
of  1919  a  four-wheel-brake  equipment  that  excited  many 


at  the  i.kft  the  dblage  blt.vke  with  the  cam  above  the  front  axle  and  at  the  rloht  the  metallurgiquk 
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Fig.   23 — Transmission  Brake  on  the  Benz  Car  Having  a  Simple 
and  Sturdy  Adjustment  of  the  Operating  Levers 

comments  from  European  engineers.  The  Hispano-Suiza 
brake  makes  use  of  the  servo  principle,  which  is  very 
closely  related  to  the  principle  used  in  manipulating  the 
steering-gear  of  large  vessels.  In  the  servo  principle,  the 
hand  or  foot  operation  simply  sets  in  motion  a  more 
powerful  mechanical  means  that  registers  exactly  with 
the  movement  of  hand  or  foot  in  manipulating  the  con- 
trol. In  steering  a  vessel  of  large  size,  turning  the 
wheel  sets  in  motion  a  steam  engine  or  some  other  type 
of  power  that  turns  the  heavy  rudder  an  amount  corre- 
sponding with  the  movement  of  the  wheel.  On  the  servo 
type  of  brake,  the  depression  of  the  pedal  causes  a  corre- 
sponding movement  of  the  brake  linkage  by  releasing 
some  source  of  energy  independent  of  the  manual  oper- 
ation. On  the  Hispano-Suiza  cars  the  energy  which  is 
made  use  of  is  the  motion  of  the  vehicle  itself.  Referring 
to  Fig.  18,  there  is  a  drum,  a,  that  turns  with  the  move- 
ment of  the  vehicle.  The  segments  b  are  mounted  upon 
a  transverse  member,  c,  upon  which  are  the  pivot  points 
for  the  segments  b.  The  pedal  that  controls  the  brake  is 
mounted  upon  an  extension  of  the  cam  piece  d.  If  the 
pedal  m  is  turned  through  an  arc  of  1  deg.,  the  cam  piece 
d  expands  the  segments  b,  causing  them  to  make  con- 
tact with  the  rotating  drum  a.  Frictional  contact  causes 
the  drum  a  to  carry  around  with  it  in  rotation  the  seg- 
ments b,  which,  in  turn,  carry  the  transverse  member  c. 
But  when  the  transverse  member  will  have  turned  1  deg., 
the  segments  also  will  have  turned  through  1  deg.  and  as- 
sumed their  original  relative  position,  and  there  is  no  fur- 
ther motion.  During  the  time  the  brake-shaft  rotates  with 
the  drum  a,  motion  is  being  imparted  to  the  braking 
mechanism  by  the  worm  e  and  wormwheel  /.  The  worm- 
wheel  is  solidly  connected  with  the  brake  drum  a.  A 
differential,  h,  equalizes  the  tension  of  the  front-wheel 
brakes ;  k  is  the  lever  controlling  the  rear  brakes  and  I 
the  lever  controlling  the  front-wheel  brakes. 


3  See  Omnia,  June,  1921.  p.  30. 

'-tol.fr.  1921,   p.  356. 

*  See  Automotive  Industries.  Nov.  IT.  1921,  p.  964. 


For  information  on  experience  with  front-wheel 
brakes  we  must  look  to  Europe,  which  has  been  a  leader 
in  this  respect.  Typical  European  layouts  are  repro- 
duced in  Figs.  1&  to  22  inclusive.  If  we  are  to  find 
effective  brakes,  naturally  we  should  seek  them  in  local- 
ities where  they  are  absolutely  required.  Viewing  cars 
that  are  operated  in  mountainous  districts,  such  as  the 
Alps,  we  find  that  their  braking  systems  have  been  given 
very  intensive  study  and  that  some  interesting  appli- 
cations have  been  made;  the  front-wheel  brake  is  the 
rule  and  not  the  exception  on  heavy  cars.  The  servo 
arrangement  is  found  here  in  principle,  with  two  or 
three  varieties  of  application.  As  a  rule,  however,  the 
front-wheel  brakes  are  operated  by  straight  mechanical 
linkage. 

Miscellaneous  Braking  Methods 

We  find  all  sorts  of  combinations  of  front  and  rear 
wheel  and  transmission  brakes.  Diagonal  braking  has 
been  tried,  putting  the  foot-brake  on  say  a  left-front  and 
a  right-rear  wheel  and  the  hand-brake  on  a  right-front 
and  a  left-rear  wheel.  The  Rochet-Schneider  Co., 
after  an  exhaustive  series  of  tests  in  the  Alps,  selected 
the  front  wheels  and  transmission  for  the  foot-brake 
and  the  rear  wheels  for  the  hand-brake.  On  the  Duesen- 
berg  car  that  distinguished  itself  in  the  French  Grand 
Prix  race,  the  foot-brake  operates  hydraulically  all  four 
wheels  and  the  hand-brake  is  on  the  transmission.  One 
important  point  in  the  installation  of  front-wheel  brakes 


Fig. 
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-The  Crane  Band-Ttpe  Brake  in  Which  Two  Relatively 
Narrow  Bands  Are  Employed 


i      Reah-Wheel    Brake   Employed   on  the  Benz   Car 


is  that  the  steering-knuckle  pivot-pin  must  be  inclined 
so  thai,  if  produced,  it  would  intersect  the  point  of  con- 
tact of  the  center  of  the  front  tire  with  the  ground.  This 
is  essential  to  preserve  good  steering-ability  with  front- 
wheel  brakes.  I  shall  not  attempt  to  give  a  detail  de- 
scription of  the  various  foreign  brake-applications.  A 
very  complete  article  by  H.  Feron  entitled,  Les  Freins 
sur  Roues  Avant  (Front-Wheel  Brakes),3  appeared  re- 
cently, and  reference  is  made  also  to  a  very  good  descrip- 
tion of  the  Delage  front-wheel  brake.1 

There  is  an  article  on  Automatic  Brake  Regulation  to 
Prevent  Wheel-Locking3  in  which  is  described  a  servo 
type  of  brake  known  as  the  Hallot  that  was  exhibited  on 
the  Chenard-Walcker  car  at  Paris.  The  brakes  in  this 
design  consist  of  the  usual  drum,  an  expanding  or  con- 
tracting member,  but  instead  of  being  rigidly  keyed  to 
the  wheel  hub,  the  drum  is  free  to  turn  thereon.  In 
addition  to  the  above  mentioned  part,  the  brake  com- 
prises a  disc  or  spider  that  is  fastened  upon  the  shaft, 
to  be  r-etarded  to  take  the  place  of  the  web  or  spider  of 
the  ordinary  brake-drum.  The  rim  of  this  disc  is  formed 
with  recesses  in  which  centrifugal  weights  are  located. 
These  weights  are  pressed  lightly  against  the  inside  of 
the  brake-drum  by  coil-springs  within  them  and,  when 
the  wheel  is  rotating,  they  are  pressed  against  the  drum 
by  the  additional  force  of  the  centrifugal  action.    Radial 
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Fro.  26 — Contracting-Shoe  TrPE  Brake  Mounted  ox  thf  Transmission  of  iiik  Packard  Trucks  and  Operated  by  a 

H  VND-L.EVER 


pressure,  due  to  centrifugal  force,  varies  as  the  square 
of  the  .-peed  of  the  car  and  is,  therefore,  very  great  at 
high  speeds  and  very  small  at  low  speeds.  Suppose  that 
the  car  is  proceeding  at  high  speed  and  that  the  brake  is 
applied.  At  first,  the  brake-bands  or  sectors  will  slip  on 
the  drum,  because  the  centrifugal  weights  rotating  at 
very  high  speeds  are  applied  with  great  force  to  the 
drum  and  hold  it  fast  on  the  wheel  hub.  But,  as  the  speed 
of  the  vehicle  decreases,  a  point  is  reached  where  the 
friction  between  the  brake-band  and  the  drum  exceeds 
that  between  the  centrifugal  weights  and  the  drum,  and 
slipping  will  occur  between  the  latter  parts.  It  will  be 
seen  readily  that,  with  this  construction,  it  is  impossible 
to  lock  the  wheels  because,  as  the  wheels  approach  a 
dfltill,  the  centrifugal  force  of  the  weights  becomes 
almost  zero  and  the  retarding  efforts  practically  vanish. 
By  proportioning  the  parts  of  the  brake  properly  it  is 
possible  to  limit  the  force  of  application  to  just  a  little 
less  than  that  required  to  cause  locking  and  then  obtain 
the  maximum  retarding  effect. 

An     interesting     mechanically     operated     front-whee! 


•See  Automotive  Industries,  July  14,  1021.  p.  79. 


brake  was  recently  brought  out  by  the  Shuler  Axle  Mfg. 
Co.  This  is  an  internal  expanding  toggle-operated  type 
and  was  recently  described  in  one  of  the  trade  journals.' 
The  Benz  car  employs  transmission  and  rear-wheel 
brakes,  shown  in  Figs.  23  and  24.  The  transmission 
brake-drum  is  bolted  together  with  the  forward  part  of 
the  universal-joint  case.  The  brake-shoes  of  steel  have 
cast-iron  linings  and  their  right  ends  are  swiveled  to  a 
bracket  bolted  to  the  transverse  frame-member.  The 
other  ends  are  operated  by  a  lever  and  a  bolt.  When  the 
linings  become  worn  slightly,  the  shoes  can  be  adjusted 
by  a  butterfly  nut.  After  more  extensive  wear  the  brake- 
rod  is  shortened  by  screwing-up  the  yoke.  In  case  of 
unequal  distance  of  the  brake-shoes  from  the  drum,  the 
lock-nuts  j  and  k  of  the  two  screws  are  loosened  and  the 
screws  adjusted  accordingly.  To  prevent  undue  heating 
of  the  transmission  brake,  a  water-tank  is  provided,  at 
the  right  side  of  the  transmission-case,  from  which  cool- 
ing water  is  forced  by  exhaust-gas  pressure  to  the  sight- 
feed  with  a  stopcock  at  the  dashboard,  whence  it  is 
allowed  to  flow  to  the  brake-drum.  The  brake-shoes  also 
have  cooling  ribs  on  the  outside.     A  horizontal  section 


Fig.    27 — Expanding-Shoe  Type  Brake  Used  on  the  Packard  3-Ton   Truck 
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through  the  drive-shaft  and  rear  axle  is  shown  in  Fig. 
23.  Two  parallel  radius-rods  serve  to  transmit  the  pro- 
pulsive effort  from  the  rear  axle  to  the  frame.  They 
have  an  eye  at  the  rear  end  supported  by  an  axially 
drilled  pin  with  provision  for  grease  lubrication.  The 
front  end  has  a  ball-joint  spring-cushioned  to  damp-out 
road  and  starting  shocks.  This  joint  is  lubricated  with 
grease  through  a  drilled  pin.  The  rear  wheels  can  be 
detached  after  removing  the  axle  cap  and  nut  by  insert- 
ing a  wheel-puller  in  place  of  the  cap.  The  design  of 
the  rear-wheel  brakes  is  clearly  shown  in  Fig.  24.  Inside 
the  brake-drum  are  the  two  brake-shoes  lined  with 
asbestos  fabric  and  carried  on  two  pivots.  The  free  ends 
are  connected  by  toggles  and  a  link  with  a  lever-arm. 
Equalization  of  the  two  rear  brakes  is  effected  by  means 
of  the  simple  ball-headed  balance-lever  arrangement, 
shown  in  Fig.  24.  When  the  brake-shoes  are  worn,  ad- 
justment can  be  made  in  the  brake  linkage,  but  it  can 
also  be  made  on  the  brake  itself,  after  removing  the  rear 
wheel,  by  loosening  the  check-nuts  and  lengthening  the 
toggles. 

Henry  M.  Crane  is  among  the  advocates  of  the  band- 
type  brake,  provided  it  is  properly  constructed.  A  design 
incorporating  the  desirable  features  of  this  brake,  pre- 
pared by  Mr.  Crane,  is  shown  in  Fig.  25.  As  has  been 
pointed  out,  one  of  the  chief  advantages  of  the  band 
brake  is  the  fact  that  it  can  be  made  to  bear  on  almost 
the  full  circumference  of  the  brake-drum,  which  is  12  in. 
in  diameter,  whereas  in  the  internal  shoe-type  brake  it  is 
difficult  to  secure  an  effective  contact  over  more  than 
one-half  the  circumference.  The  expanding-shoe  type 
also  tends  to  distort  the  drum,  while  there  is  no  such 
tendency  in  the  band  type.  The  large  arc  of  contact  and 
other  features  make  it  possible  to  make  a  band  brake  of 
given  capacity  much  lighter  than  one  of  the  internal- 
shoe  type.  Smoothness  in  brake  operation  depends  to  a 
considerable  extent  upon  low  unit-pressure  on  the  brak- 
ing surface.  With  the  band  type  a  low  uniform  pressure 
is  readily  secured  in  combination  with  a  brake  of  adequate 
capacity  and  moderate  weight.  Smooth  operation  is 
facilitated  by  providing  a  rigid  brake  anchorage. 

Referring  to  the  illustration  of  the  Crane  design  of 
band-brake,  it  will  be  noted  that  two  narrow  drums, 
placed  back  to  back,  are  employed,  and  that  two  rela- 
tively narrow  bands,  2  in.  in  width,  are  used  in  place  of 
a  single  wide  band.  The  two  primary  reasons  for  using 
this  dual  construction  are  that  two  narrow  drums  are 
less  apt  to  distort  due  to  heating  than  a  single  wide 
drum,  and  two  narrow  bands  are  less  likely  to  bear  un- 
evenly than  a  single  wide  band.  Uneven  bearing  on  a 
wide  band  may  tend  to  cause  chattering.  By  placing  the 
brake-drums  back-to-back  with  spacers  between,  and 
drilling  holes  in  the  web  of  the  drum,  air  is  drawn 
through  the  space  between  the  drums  to  assist  in  cooling 
them. 

A  single  rigid  anchorage  is  provided.  The  link  a, 
attached  to  the  anchorage  at  one  end  and  to  the  band  at 
the  other,  is  held  against  the  stop-screw  b  by  the  spring 
c.  The  spring  keeps  the  band  lining  out  of  contact  with 
the  drum  at  all  times  when  the  brake  is  in  the  off- 
position.  Two  views  of  the  linkage  employed  for  oper- 
ating the  brake  are  shown.  The  operating  shaft  d  carries 
a  heavy  bent  arm  e,  the  outer  end  of  which  engages  the 
hole  /  in  the  link  g.  The  other  end  of  the  link  g  is 
pinned  to  the  long  arm  of  the  lever  h.  This  lever  is 
pivoted  on  the  pin  i,  to  which  is  attached  the  adjustable 
link  j.  The  lower  end  of  the  link  j  is  pivoted  in  a  fitting 
k  riveted  to  one  end  of  the  brake-band.  The  other  end 
of  the  brake-band  is  connected  to  the  short  arm  of  lever 


h.  A  spring  surrounding  the  link  j  holds  the  two  ends 
of  the  band  apart.  The  fitting  k  rests  against  the  adjust- 
able stop-screw  I  in  its  off-position.  Motion  of  the  long 
arm  of  the  lever  h  away  from  the  drum  causes  the  two 
ends  of  the  brake-band  to  come  more  closely  together 
and  brings  the  braking  surface  into  engagement  with 
the  drum. 

The  brake-band  is  rolled  to  a  true  circle;  consequently, 
the  brake  cannot  drag  if  the  stops  b  and  I  are  properly 
adjusted.  It  will  be  noted  that  the  link  g  remains  in  a 
substantially  radial  position  in  all  positions  of  lever  h. 
This  counteracts  any  tendency  there  may  be  for  the  brake 
to  jamb  or  become  self-acting  due  to  the  tendency  of 
the  braking  friction  to  carry  the  band  around.  It  will 
be  noted  that  the  difference  in  the  length  of  the  arms  of 
lever  h  is  sufficient  to  give  considerable  multiplication 
of  the  pull  applied  to  the  long  arm.  This  makes  unneces- 
sary any  other  multiplication  of  the  pressure  than  that 
provided  by  the  normal  difference  in  the  length  of  the 
two  arms  of  the  operating  pedal.  The  brake-band  is,  of 
course,  stiff  enough  to  clear  at  all  points,  but  it  is  suffi- 
ciently flexible  to  insure  uniform  contact-pressure  over 
the  entire  braking  surface,  and  thus  distribute  wear. 

This  brake  is  designed  for  application  to  the  trans- 
mission. Light  pedal-pressure  is  sufficient  to  lock  the 
wheels  of  a  heavy  car  easily  even  when  there  is  oil  on 
the  braking  surface.  The  use  of  a  small  quantity  of  oil 
on  the  brake  is,  in  fact,  recommended  as  a  means  of 
facilitating  smooth  operation  and  minimizing  wear. 

The  Westinghouse  Air  Brake  Co.  has  made  a  number 
of  interesting  installations  that  have  been  applied  to 
several  hundred  trucks  and  cars  with,  it  is  claimed,  very 
satisfactory  results.  In  this  system  the  engine  is  used 
to  furnish  the  pressure  for  operating  the  brakes,  making 
it  unnecessary  to  install  an  additional  compressor. 
Pressure  is  imparted  to  the  brake  connections  by 
diaphragms.  The  compressed  air,  or  gas,  is  supplied 
through  a  special  ball  check-valve,  of  dimensions  not 
greatly  exceeding  those  of  a  spark-plug.  This  check- 
valve  is  known  as  the  accumulator,  and  is  screwed  into 
the  cylinder-head  generally  in  place  of  an  existing  pet- 
cock.  From  the  accumulator  the  air  is  led  by  a  copper- 
tubing  connection  to  a  sheet-steel  reservoir.  When  the 
engine  is  started,  each  explosion  in  the  cylinder  sends  a 
puff  of  gas  into  the  reservoir  and,  by  the  time  the  ma- 
chine is  put  in  motion,  enough  pressure  has  accumulated 
in  the  reservoir  to  permit  proper  braking  of  the  vehicle 
at  low  speeds.  It  is  claimed  that  by  the  time  the  vehicle 
has  traveled  a  distance  equal  to  that  of  a  city  block, 
enough  pressure  has  been  accumulated  in  the  reservoir 
to  make  possible  several  high-pressure  brake  appli- 
cations, even  if  the  engine  were  no  longer  keeping  up 
the  pressure.  If  no  brake  applications  are  made  after 
the  reservoir  has  reached  full  pressure,  the  engine  ceases 
discharging  gas  into  the  reservoir  because  the  back- 
pressure from  the  reservoir  seats  the  ball  check-valve  in 
the  accumulator,  and  prevents  further  egress  of  the  gas 
from  the  cylinders.  When  the  pressure  in  the  reservoir 
drops,  due  to  application  of  the  brakes,  the  ball-check  in 
the  accumulator  functions  again,  and  the  pressure  in  the 
reservoir  is  brought  back  to  the  high  point  after  travel- 
ing a  short  distance. 

From  the  reservoir  a  connection  is  made  to  a  brake 
valve  located  in  a  convenient  position  on  the  steering- 
column  or  dashboard.  The  brake  valve  has  a  handle 
comparable  with  the  spark  or  gas-control  lever,  and  mov- 
ing through  about  the  same  arc.  The  brake  valve  is  de- 
signed so  that  in  admitting  air  from  the  reservoir  to 
the  chambers  that  directly  apply  the  brakes,  a  certain 
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pressure  will  be  established  in  the  brake  chambe 

ding  to  the  position  of  the  brake-valve  handle,  irre- 
tlve  of  any  excess  pressure  that  may  exist   in  tin- 

•voir.    The  farther  the  brake-valve  handle  is  mo 
from  its  off-position,  the  greater  the  pressure  in  the 
brake  chamber  is,  up  to  the  point  corresponding   to  the 
emergency-application  position  of  the  brake-valve  handle. 
Tin'  brake  chamber  consists  of  two  dished  plates  be- 

n  which  is  a  heavy  rubber  diaphragm.    The  air  is 
admitted  on  one  side  of  the  rubber  diaphragm  and  cat 

irward.  On  the  other  side  of  the  diaphragm 
•e  into  which  is  fastened  the  push-rod  thai  is 
connected  to  the  brake-rod.  In  order  that  the  In 
can  be  released  more  quickly  than  would  be  the  case  if 
all  the  air  from  the  brake  chambers  were  caused  to  ex- 
haust through  the  exhaust  port  in  the  brake  valve,  a 
quick-release  valve  is  installed  in  close  proximity  to  the 
brake  chambers.    One  of  the  interesting  features  of  this 

•  in  is  that  it  can  be  used  in  connection  with  trail 

ing   it    possible   to   brake   the   trailers   as   well   as   the 
tractor.      In  case  of  accidental  disconnc  wren  the 

trailer    and    the    tractor,    the    brakes    are    applied    auto- 
matically by  a  special  emergency-valve. 

Truck  Brak 

truck  brakes,  the  following  statements  have  been 
made  by  an  engineer  specializing  in  this  work  and  seem 
to  represent  what  is  considered  good  practice. 


Sectioi  A-A 


Fio.  28 — P.f.aki  i  nt  Emploted  on  the  Mack  Truck, 

the    Foot-Brak  on    tiik    Reap.    Wheels    and    the    HanD- 

i:  on  the  Transmission 


Fig.  29 — Contracting-Shob  Type  Brake  Used  on  the  Trans- 
mission OF  Till 

i  1  i  Truck  brakes  should  be  designed  in  terms  of  truck 
weight  in  pounds  per  square  inch  of  lining.  This 
has,  of  course,  a  distinct  hearing  upon  the  dura- 
bility of  linings.  It  is  a  very  much  neglected  factor 
in  some  designs.  A  weight  of  from  30  to  50  lb. 
per  sq.  in.  of  lining  for  a  hand-brake  on  the  rear 
wheels    gives  tory    results.      For    a    foot- 

brake  applied  te  the  transmission,  a  greater  value 
can  be  used,  namely,  100  to  150  lb.  per  sq.  in.  In 
both  cases  a  smaller  value  is  much  to  be  preferred; 
in  fact,  the  lower  this  can  be  kept  the  better 

(2)  The  average  brake-lining  will  give  the  best  results 
provided  the  pressure  does  not  exceed  100  lb.  per 
sq.  in.;  as  in  item  (1),  the  lower  the  pressure  is, 
the  better  the  results  become 

(3)  Calculations  should  be  made  for  leverage  on  a 
value  of  about  26  to  1  for  the  transmission  bra 

50  to  1  for  the  hand-brake  on  the  rear  wheels; 
and  20  to  1  for  the  foot-brake  on  the  rear  or  the 
front  wheels;  these  values  have  been  found  through 
experience  to  be  very  satisfactory 

(4)  The  average  man  can  exert  a  pressure  of  approx- 
imately 200  lb.  on  a  pedal  and  about  a  100-lb.  pull 
on  a  lever.  It  should  be  remembered  that  75-per 
cent  efficiency  for  linkage  is  a  high  figure  in  view 
of  the  fact  that  the  joints  invariably  lack  lubricant 
and  therefore  stick 

(5)  Other  important  values  are  0.25  for  the  coefficient 
of  friction  of  fabric  and  0.50  for  the  coefficient  of 
friction  of  the  tire  on  the  road 

Some  representative  examples  of  the  brakes  used  on 
different  American  trucks  are  shown  in  Figs.  26  to  29 
inclusive. 


CROSS-COUNTRY  FLYING  BY  THE  AIR  SERVICE 


IT  is  estimated  that  during  the  calendar  year  1921  a  total 
of  5,063,909  man-miles  were  flown  by  the  Air  Servi. 
sonnel  on  cross-country  flights.  These  figures  cover  only 
flight*  exceeding  a  distance  of  10  miles  from  an  airdrome 
with  a  definite  destination  in  view,  either  with  the  pur 
of  landing  at  that  destination  or  returning  from  the  des- 
tination upon  completion  of  the  specific  purpose  of  the 
flight  without  landing  away  from  the  airdrome. 

By  man-miles  is  meant  the  number  of  miles  flown  by  each 
man  in  any  one  plane;  a  plane  carrying  two  people  and 
traveling  to  a  station  50  miles  distant  and  return  will  carry 
out  200  man-miles  of  cross-country  flight.  A  tabulation  of 
the  number  of  man-miles  flown  at  the  various  Air  Service 


Btationa  shows  that  Post  Field,  Fort  Sill,  Okla.,  heads  the 
list  with  826,084  man-miles.  The  commanding  officer  of  that 
station  states  that  the  total  time  flown  by  all  pilots  at  the 
field,  9,836  hr.  at  85  m.p.h.,  totals  836,060  miles  or,  based  on 
persons  in  each  ship  on  each  flight,  the  man-miles  total 
".120,  approximating  a  distance  equal  to  67  times  .around 
the  world.  Mather  Field,  Mills,  Cal.,  is  second  with  807,119 
man-miles  including  forestry  patrol  flights,  and  Vancouver 
Barracks,  Wash.,  is  at  the  foot  of  the  list  with  only  225 
man-miles.  The  flights  from  McCook  Field,  Dayton,  Ohio, 
the  headquarters  of  the  engineering  division  of  the  Air 
Service,  totaled  290,940  man-miles,  this  field  ranking  sixth.— 
Air  Service  News  Letter. 
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SUGGESTED  PROBLEMS  FOR  RESEARCH 


THIS  is  the  first  of  a  series  of  articles  in  which  the  Re- 
search Department  proposes  to  discuss  some  of  the  re- 
search possibilities  of  various  problems  that  seem  to  be  of 
interest  or  importance  at  this  time.  For  instance,  the  prob- 
lem suggested  below  is  of  special  academic  interest  and  might 
be  undertaken  to  advantage  by  one  of  the  university  labora- 
tories where  instruction  and  experience  are  as  important  as 
research  results.  The  present  status  of  the  problem  will  be 
outlined,  the  phases  that  will  readily  lend  themselves  to  lab- 
oratory research  will  be  stressed,  and  a  short  bibliography 
included  of  the  more  important  papers  on  the  subject.  It  is 
suggested  that  the  Research  Department  be  kept  informed 
of  research  work  undertaken  on  any  phase  of  a  problem,  so 
that  duplication  of  effort  may  be  avoided. 

Possible    Effects   of   Water   Injection    on    Engine 
Power  and  Economy 

Of  the  comparatively  scant  material  that  has  been  pub- 
lished on  the  subject  of  water  injection,  the  references  given 
in  this  article  represent,  it  is  believed,  the  most  worthwhile 
studies  of  the  problem  that  have  appeared  in  recent  litera- 
ture. They  all  deal,  however,  except  for  a  brief  mention 
by  J.  E.  Schipper,  with  the  effect  of  the  introduction  of 
water  as  such  and  not  with  the  effect  of  humidity,  i.  e.,  water 
occurring  as  vapor  in  the  intake  air. 

The  problem  is  a  rather  complex  one,  involving  some  im- 
portant thermodynamic  considerations,  and  should  be  taken 
up  from  both  the  theoretical  and  experimental  sides,  prefer- 
ably by  the  same  personnel.  The  reasons  for  undertaking  this 
problem  appear  to  be  as  follows: 

(1)  It  has  some  practical  importance,  particularly  in 
connection  with  the  use  of  kerosene  in  tractors 

(2)  It  constitutes  an  impoi'tant  but  neglected  phase  of 
the  problem  of  detonation 

(3)  It  is  the  one  variable  of  possible  importance  that 
has  been  universally  overlooked  in  nearly  all  pre- 
cision studies  of  engine  performance 

(4)  The  problem  is  one  that  would  afford  the  best  of 
training  and  experience  to  graduate  students,  not 
to  mention  the  instructor,  if  it  were  taken  up  in  a 
school  laboratory 

(5)  It  should  require  no  appreciable  outlay  of  money, 
as  it  should  be  handled  in  educational  laboratories 
where  nearly  or  quite  all  the  necessary  apparatus 
is  at  hand  and  where  the  staff  is  available 

The  injection  of  cold  water  into  the  intake  system  or  the 
engine  cylinder  may  have  the  purposes  of  (a)  producing 
steam  by  its  evaporation,  thus  developing  power;  (b)  cooling 
the  cylinder  and  doing  away  with  the  need  of  jacketing  and 
(c)  reducing  the  compression  temperature;  the  first  two  of 
which  do  not  seem  to  be  of  much  practical  interest. 

In  general  the  development  of  power  by  the  evaporation  of 
the  injected  water  is  based  on  an  unsound  theory.  Heat 
taken  from  the  products  of  combustion  before  or  during  ex- 
pansion, to  vaporize  water  and  superheat  the  steam,  repre- 
sents a  direct  loss  of  efficiency.  There  is,  however,  a  prac- 
tical compensation  for  this  loss  in  that  the  reduction  of  tem- 
perature of  the  charge  reduces  the  loss  to  the  jackets.  While 
the  possible  gain  seems  not  to  equal  the  loss,  this  question 
needs  careful  analysis. 

Under  a  special  condition  as  carried  out  by  Hopkinson,  a 
gain  of  efficiency  is  possible  when  water  is  injected  into  the 
cylinder  after  firing,  the  condition  being  that  the  water 
receives  most  of  its  heat  from  the  heated  cylinder-walls  and 
not  from  the  gas  charge.  In  this  way  some  use  is  made  of 
heat  that  otherwise  would  be  wasted.  The  method  seems  to 
have  little  importance  theoretically  and  none  practically, 
unless  it  be  for  large  stationary  plants.  It  is  not  worth  in- 
vestigating as  an  automotive  problem. 

The  injection  of  water  as  a  spray  into  the  intake  charge 
was  utilized  by  Banki  to  permit  higher  compression-ratios  by 


lowering  the  compression   temperature, 
water  has  a  two-fold  effect : 


Used   in   this  way 


(1)  Whatever  heat  is  absorbed  in  vaporizing  the  water 
before  the  end  of  the  compression  stroke  represents 
a  gain  in  efficiency  by  reducing  negative  work  and 
perhaps  also  by  lowering  the  absolute  temperature. 
There  appears  also  to  be  a  gain  in  efficiency  through 
a  reduction  in  the  loss  to  the  cylinder-walls  because 
of  lower  combustion-temperature,  but  a  loss  due  to 
the  increased  specific  heat  of  the  charge 

(2)  If  use  is  made  of  the  lowered  compression-temper- 
ature, the  compression-ratio  can  be  raised  and  in- 
creased economy  secured  in  this  way;  in  other 
words,  water  can  be  used  as  an  anti-knock  material 
and  its  pi-operties  as  such  should  be  carefully 
studied 

Another  effect  that  seems  to  have  been  overlooked  until 
recently  is  that  of  water  vapor  or  humidity  on  the  vaporiza- 
tion of  fuel  in  the  manifold.  With  dry  air,  the  complete 
vaporization  of  the  fuel  charge  lowers  the  air  temperature 
about  40  deg.  fahr.  If  the  moisture-content  is  such  that  the 
air  becomes  saturated  with  water  before  this  lower  temper- 
ature is  reached,  the  heat  liberated  in  the  condensation  of 
water  will  tend  to  prevent  this  drop  in  temperature  and  to 
increase  the  vaporization  of  the  gasoline.  This  action  can 
modify  considerably  the  performance  of  an  engine,  particu- 
larly when  using  such  volatile  fuels  as  aviation  gasoline. 

The  foregoing  is  not  an  attempt  to  analyze  completely 
the  problem  of  the  effect  of  water  on  engine  performance, 
but  only  to  point  out  certain  phases  of  the  problem  that  are 
in  need  of  solution,  both  to  add  to  our  knowledge  of  the  funda- 
mentals of  gasoline-engine  performance  and  to  afford  data 
that  may  be  of  much  practical  value. 

References 

Water  Injection  May  Increase  Power.  J.  E.  Schipper.  Auto- 
motive Industries,  Nov.  15,  1917,  page  868. 

Results  are  given  of  tests  on  a  4  x  5%-in.  truck  engine 
running  on  kerosene  where  water  in  the  form  of  a  cold 
spray  increased  the  indicated  mean  effective  pressure  from 
137  to  145  lb.  per  sq.  in.  The  water  removed  preignition 
knock  and,  the  author  claims,  "softened"  the  explosion  by 
making  the  card  "fatter"  after  the  initial  part  of  the 
stroke.  The  theories  presented  are  that  water  quenches 
the  incandescent  points  of  carbon,  and  that  it  absorbs 
considerable  heat  due  to  its  latent  heat  of  evaporation. 

Why  Water  Injection  May  Cause  an  Increase  of  Power. 
P.  M  Heldt.  Automotive  Industries,  Dec.  20,  1917,  page 
1081. 

The  author  discusses  the  Banki  engine,  in  which  water 
was  used  to  permit  higher  compression-ratios  and  higher 
economy.  The  use  of  kerosene,  with  its  greater  tendency  to 
detonate  and  preignite,  emphasizes  the  advantages  to  be 
gained  by  the  use  of  water.  The  relative  heat-losses  from 
the  cylinder  gases  at  different  parts  of  the  stroke  are  dis- 
cussed at  some  length  and  it  is  shown  that,  if  the  presence 
of  water  reduces  the  maximum  explosion-temperature  and 
increases  the  temperature  later  in  the  stroke,  even  though 
there  is  a  considerable  net  loss  of  heat  to  the  water,  the  re- 
duction in  loss  to  the  cylinder-walls  may  result  in  a  net 
gain  in  efficiency.  As  regards  decarbonizing  effect,  the 
author  questions  whether  this  is  not  entirely  an  illusion. 
The  reduction  of  knock  may  eliminate  the  main  effects  of 
carbon  deposits  without  affecting  the  amount  of  deposit. 

Influence  of  Water  Injection  on  Engine  Performance.  V.  W. 
Brinkerhoff.  National  Advisory  Committee  for  Aeronau- 
tics, Report  No.  45,  page  521. 

The  author  reports  a  series  of  practical  overall  tests  with 
two  different  engines  to  determine  the  direct  effect  on  powei. 
and  economy  of  cold  water  admitted  into  the  intake-mani- 
fold in  the  form  of  a  spray.    The  conclusion  is  drawn  that 


290 


Vol.  \ 


April.  L92S 


No.  4 


M  MU'll    COUNCIL  MEETING 


201 


no  measurable  increase  in  pow  onomy  is  produced 

with  any  percentage  of  water  and  that  beyond  a  certain 
amount  the  effect  is  detrimental. 

r   Injection   in  Gas  and  Oil   Engines.      1  Uomobili    h'nyi- 
■  .Ion  i ,  December,  1920,  page 


This  article  is  ;i  general  discussion  of  the  various  ef- 
fects of  water  injection,  to  answer  the  question  whether  the 
reasons  for  its  abandonment  in  recent  practice  are  suffi- 
cient. The  main  points  covered  are  much  the  same  as 
those  discussed  at   the  beginning  of  this  article. 


MARCH  COl'NCIL  MEETING 


r|"MIE  meeting  of  the  Council  held  on  March  7  at  the  Engi- 
1  Dears'  •  lub,  Dayton,  Ohio,  was  attended  by  President 
Bachman,  Past-President  Beecroft,  First  Vice-President  Whit- 
beck,  Second  Vice-Presidents  Clark,  Watts  and  Young,  and 
Councilors   Brush,  Cram     Smith  and  Strickland. 

One  hundred  one  applications  for  individual  membership 
and  :;•_'  for  student  enrollment  were  approved.  The  following 
transfers  in  grade  of  membership  were  made:  From  Mem- 
ber to  Service  Memlx  r,  F.  E.  Richardson  and  .1.  V.  Costello; 
Member  :■  n    Member,    E.    Gassmann;      \ 

Member,  C.  C.  Bowman;  Junior  to  Associate,  F.  Klein;  Junior 
to  Service  Member,  C.  F.  Taylor. 

The  financial  statement  >howed  as  of  Feb.  28  a  net  balance 
of  assets  over  liabilities  of  the  Society  of  $128,485.31,  this 
being  $5,307.50  less  than  the  corresponding  figure  on  the 
same  day  of  1921.  The  income  of  the  Society  for  the  first 
5  months  of  the  current  fiscal  year  amounted  to  $64,562.68. 
The  operating  expense  during-  the  same  period  was  $74,646.36. 
The  expense  accounts  showed  a  net  saving  of  $6,398.22  in 
comparison  with  the  same  period  of  the  last  fiscal  year,  taking 
into  consideration  the  expense  to  date  of  the  newly  estab- 
lished  Research  Department. 

The  Council  revised  the  list  of  prices  for  publications  of 
the  Society.     The  new  schedule  is  printed  elsewhere  in   this 

issue  of  Thk  Journal. 

Considerable  discussion  was  had  of  subjects  of  papers  for 
presentation  at  the  coming  Summer  Meeting  of  the  Society. 

The  following  additional  subject  was  assigned  to  the 
Standards   Committee: 

Wire  Wheel  Spokes — Axle  and  Wheels  Division,  with 
Iron  and  Steel  Division  cooperating. 

The  following  appointments  to  the  Standards  Committee 
were  made,  these  being  in  addition  to  those  listed  in  the 
February  issue  of  The  Journal: 

AERONAUTIC  DIVISION 

Edward   Wallace  Glenn  L.  Martin  Co. 

AGRICULTURAL    POWER    EQUIPMENT    DIVISION 

i».  P.  Davies  J.      I.      Case      Threshing 

Machine  Co. 
C.   E.   Frudden  Hart-Parr  Co. 

O.  W.  Young  Hyatt    Roller    Bearing   Co. 

ROLLER  BEARING  SUBDIVISION 
H.   I.  Beard  Ball  &  Roller  Bearing  Co. 

t  MAIN    DIVISION 

F.  C.  Thompson  Morse  <  hain  Co. 


I  I  I  (  TRIC  VEHICLE  DIVISION 
Charles   R,   Skinner,  Jr.  New  York  Edison  Co. 

ENGINE  DIVISION 
William  Turnbull  Holt  Mfg.  Co. 

E.  J.   Hall  Hall-Scott    Motor   Co. 

FRAMES   DIVISION 

D.  G.  Roos  Locomobile  Co.  of  America 

I      W.  Wright  A.    O.    Smith    Corporation 

IRON  AND  STEEL  DIVISION 
W.   H.   Phillips  .       R.  D.  Nuttall  Co. 

S.   P.   Rockwell  Consulting   Metallurgist 

ISOLATED  ELECTRIC  LIGHTING   PLANT   DIVISION 
Don   D.   Myers  Auto-Lite   Corporation 

H.  L.  Zabriskie  Diehl  Mfg.  Co. 

LUBRICANTS   DIVISION 

G.   A.   Green  Fifth  Avenue  Coach  Co. 

NOMENCLATURE  DIVISION 
J.  B.  Bartholomew  Avery  Co. 

Jos.  VanBlerck  Jos.   VanBlerck,   Inc. 


PASSENGER  CAR  DIVISION 


Howard  Marmon 

A.   I..   Swank 
Fred  M.  Young 


Nordyke  &  Marmon  Co. 
RADIATOR    DIVISION 

Long  Mfg.  Co. 
Perfex  Radiator  Co. 


TRANSMISSION   DIVISION 
E.  E.  Wremp  Long  Mfg.  Co. 

The  action  taken  by  the  Council  in  connection  with  future 
distribution  of  the  Transactions,  as  well  as  the  Membership 
Roster  of  the  Society,  is  set  forth  on  page  261  of  this  issue 
of  The  Journal. 

Announcement  was  made  of  the  appointment  by  President 
Bachman  of  the  following  to  serve  as  members  of  the  High- 
ways Committee  of  the  Society,  under  the  chairmanship  of  H 
w.  Alden: 


W.   A.    Brush 
G.  A.  Green 


W.  E.  Laj 

F.  A.  Whitten 


H.  H.  Brautigam  was  elected  second  vice-president  for 
marine  engineering,  H.  E.  Morton,  who  was  regularly  nomi- 
nated and  elected  by  the  voting  members  of  the  Society  to 
serve  in  this  capacity,  having  resigned. 

It  was  decided  tentatively  that  the  next  meeting  of  the 
Council  should  be  held  in  Indianapolis  on  May  8. 


EFFECT  OF  PHOSPHORUS  AND  SULPHUR  IN  STEEL 

PHE  Joint  Committee  on   the   Investigation  of  the   Effect  Copies   of   this    report,   which    covers    the    activities    of    the 

*     of  Phosphorus  and  Sulphur  in  Steel,  which  is  composed  Committee  for  the  past  2  years,  can  be  obtained  from  C.  L. 

of  representatives  of  a  number  of  the  leading  technical  so-  Warwick,  its  chairman,  1315  Spruce  Street,  Philadelphia,  or 

cieties  including  the  American  Society  for  Testing  Materials,  from  the  Bureau  of  Standards,   City  of  Washington.     It  is 

the  American  Society  of  Mechanical  Engineers  and  the  So-  expected    that   all   of   this    material   will    be   published   ulti- 

ciety  of  Automotive  Engineers,  has  issued  a  progress  report.  mately  by  the  Bureau  of  Standards. 
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Division 


Aeronautic 

[  April   18" 
Agricultural  Power  Equipment      -|  April   19 

I  May   13 
Axle  and  Wheels 


Tentative  Meeting  Schedule 
Chicago         Cleveland         Detroit    New  York  City   Philadelphia 

May  10 


May  2h 


Ball  and  Roller 

Bearings 

May  1 

Electrical  Equipment 

April   14 

Electric  Vehicle 
Engine 

[  April   17 
\  April  18a 
[May  11 

May  10 

April  5 

Iron  and  Steel 

April   11 

Isolated  Electric 

Lighting 

Plant  April   18" 

Lighting 

May  3 

April  7° 


Lubricants  (Joint  meeting  with 
Agricultural     Power     Equip- 
ment,  Engine,  Isolated  Elec-     April  18 
trie    Lighting    Plant,    Motor- 
cycle and  Stationary  Engine) 


Motorboat 

April  10 

Motorcycle 

April  18" 

Nomenclature 

April  3 

Non-Ferrous  Metals 

May  1 

Parts  and  Fittings 

•  April  12 

Passenger  Car 

May  2b 

Passenger-Car  Body 

May  8 

Screw  Threads 

May  1 

Springs 

[April  18" 

May  5 

Stationary  Engine 

-j  April  19 
[May  12 

Storage   Battery 

May  5 

Transmission 

April  13 

Truck 

May  9 

'  Joint  meeting  with   Lubricants  Division. 

"  Joint    meeting. 

c  Passenger-Car  Hubs   Subdivision   only 
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THE  planning  of  the  meetings  of  the  several  Divisions  of 
the  Standards  Committee  for  the  period  between  the 
beginning  of  this  administrative  year  and  the  Summer 
Meeting  of  the  Society  in  June  has  been  completed  so  far  as 
possible  at  this  time.  Two  series  of  Division  meetings  have 
been  arranged  as  shown  in  the  accompanying  tentative 
schedules,  which  will  be  followed  as  nearly  as  may  be.  It  is 
probable  that  some  changes  will  be  made  in  them  due  to  con- 
ditions that  are  sure  to  arise  but  cannot  be  foreseen  at  this 
time.  It  is  important  that  the  members  of  all  Divisions  of 
the  Standards  Committee,  particularly  of  those  scheduled  for 
meetings,  bear  in  mind  in  forming  their  plans  that  notice  of 
the  matters  to  be  taken  up,  as  well  as  of  the  definite  time 
and  place  of  their  Division  meetings,  will  be  sent  to  them 
from  the  Standards  Department  10  days  or  2  weeks  before 
the  meetings. 

The  schedules  were  determined  by  several  factors,  includ- 
ing the  number  of  subjects  under  consideration  by  each  Divi- 
sion, their  present  status  and  the  probable  length  of  time  that 
will  be  required  to  reach  the  point  where  consideration  of 
them  in  Division  meeting  will  be  necessary.  Meetings  are 
planned  for  only  those  Divisions  from  which  definite  reports 
at  the  Standards  Committee  and  Society  meetings  in  June 
can  be  expected  on  the  basis  of  the  prospective  progress  in 


the  work  up  to  the  time  of  the  respective  Division  meetings. 
The  actual  progress  in  this  connection  will  depend  mostly 
upon  early  action  by  Subdivisions  that  are  working  on  the 
various  subjects  and  upon  the  promptness  with  which  replies 
are  received  to  questionnaires  and  circular  letters  that  have 
been  sent  out  to  the  industries  by  the  Standards  Department 
of  the  Society.  In  many  instances  final  Division  action  can 
be  secured  by  correspondence  between  the  Standards  Depart- 
ment and  the  Division  members.  This  enables  the  Divisions 
to  devote  practically  their  entire  time  in  meetings  to  con- 
sideration of  the  more  important  or  difficult  subjects. 

The  Standards  Committee  membership  this  year  is  ap- 
proximately 20  per  cent  greater  in  number  than  any  pre- 
vious year,  due  largely  to  the  rapidly  increasing  interest 
in  engineering  standardization  and  fuller  appreciation  of 
its  value.  Although  the  automotive  industries  have  been 
passing  through  a  period  of  depression,  their  recovery  has 
commenced  and  there  are  indications  that  this  recovery  will 
be  economically  sound  and  possibly  more  rapid  than  in  many 
other  general  industries.  This  naturally  has  led  the  Society 
to  secure  a  broader  representation  on  its  Standards  Com- 
mittee for  this  year  and  to  seek  closer  cooperation  with 
other  organizations  of  national  scope  by  direct  representa- 
tion on  a  number  of  the  Divisions. 
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inalysis  was  made  of  the  geographical  distril 
of  the  Standards  Committee  members  as  one  of  the  d< 

mining  factors  in  deciding  upon  the  plaits  of  meetings,  to 
balance  as  nearly  as  possible  tin  \    amount   of  trav- 

eling required  of  each  member.     The  more  than  300  Com- 


mittee membei  ni  cities,  practically  all 

Of   them   in    the    Northern    Central   and    Atlantic   States.      The 

most   central   locations  for   Division   meetings  are   New   York 

City,    Philadelphia,    Cleveland,    Detroit    and    Chicago.      The 

Jules    therefore    provide    for    sessions    at    these    points   at 


NORTH 


Distribution  of  the  Members  or  Tim  VARIOUS  STANDARDS   COMMUTE!     D 


Number  of 

Number  of 

State 

City 

Members 

State 

Citj 

Members 

Connecticut 

Bridgeport 

3 

Missouri 

St.  Louis 

1 

Bristol 

1 

Nebraska 

Lincoln 

2 

Danburv 

2 

New    York 

Buffalo 

6 

Groton 

1 

Depew 

1 

Hartford 

3 

Ithaca 

1 

Middletown 

1 

Jamestown 

2 

New  Britain 

1 

Lock port 

2 

New  Haven 

1 

New  York  City  (Metropol- 

Waterhury 

2 

itan  District) 

56 

District  of  Columbia  Washington 

7 

Portchester 

2 

Illinois 

Chicago 
Moline 

22 

1 

Rochester 
Schenectady 

2 
2 

Peoria 

2 

Syracuse 

7 

Roekford 

1 

Ohio 

Canton 

4 

Rock  Island 

1 

Carthage 

1 

Indiana 

Anderson 

1 

Cincinnati 
Cleveland 

3 

30 

Evansville 

Indianapoli- 

Lafayette 

LaPorte 

Muncie 

Wabash 

2 
5 
1 
1 

Clyde 

Dayton 

Lima 

Port  Clinton 

1 
8 
1 
1 

1 

1 

Salem 
Springfield 

1 
1 

Iowa 

Charles  1 

1 

Toledo 

.6 

Waterloo 

2 

Warren 

1 

Massachusetts 

Chicopee  Kails 

1 

Youngstown 

1 

Springfield 

3 

Pennsylvania 

Bethlehem 

2 

Watertown 

1 

Coraopolis 

1 

Wnivc     ' 

4 

Lancaster 

1 

Michigan 

Alma 

1 

Philadelphia 

14 

Buchanan 

1 

Pittsburgh 

4 

Detroit 

43 

Pottstown 

1 

Flint 

2 

Reading 

2 

Grand  Rapids 

2 

Wilkes-Barre 

•     2 

Kalamazoo 

2 

Rhode  Island 

Providence 

2 

Lansing 

2 

Virginia 

Hampton 

1 

Marysville 

1 

Wisconsin 

Milwaukee 

5 

Pontiac 

1 

New  Holstein 

1 

Saginaw 

1 

Racine 

4 

Minnesota 

Minneapolis 

2 

Waukesha 

1 
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the  best  times  that  could  be  selected  for  continuity   in   the 
series  of  meetings. 

Aeronautic  Division 

Although  there  is  a  long  list  of  subjects  before  this  Divi- 
sion, most  of  the  work  contemplated  applies  to  powerplants. 
It  is  expected  that  the  Powerplant  Subdivision  will  have  sev- 
eral reports  ready  for  Division  action  at  its  meeting  in 
New  York  City  on  May  10. 

Agricultural  Power  Equipment  Division 

Probably  the  most  important  work  of  this  Division  will 
be  in  cooperation  with  the  Lubricants  Division  at  the  meet- 
ing in  Chicago  on  April  18  to  consider  standard  specifica- 
tions for  lubricating  oils  that  have  been  generally  circular- 
ized. It  is  hoped  that  the  Subdivisions  which  are  working 
on  Tractor  Belts  and  Pulleys,  Tractor  Testing  Forms  and 
Tractor  Plowing  Speeds  will  report  to  the  Division  at  its 
meeting  in  Chicago  on  April  19,  and  that  action  can  be 
taken  with  regard  to  Tractor  and  Implement  Drawbar  Con- 
nections. The  meeting  in  Chicago  on  May  13  is  planned 
to  complete  the  Division's  work  prior  to  the  Summer  Meet- 
ing of  the  Society  in  June. 

Axle  and  Wheels  Division 

A  Subdivision  has  been  working  on  the  subject  of  Brake- 
Drums  on  which  a  report  is  anticipated  at  the  Division 
meeting  in  Cleveland  on  May  2.  The  principal  work  before 
this  Division  is  the  preparation  of  a  recommendation  on 
Front-Axle  Hubs  for  passenger  cars.  A  Subdivision  is  now 
making  a  study  in  this  connection.  As  the  Passenger  Car 
Division  also  is  directly  intei'ested  in  the  subject,  a  joint 
meeting  of  the  Divisions  has  been  scheduled.  It  is  possible 
that  the  Subdivision  on  Differential  Gears  will  report  at  this 
meeting. 

Ball  and  Roller  Bearings  Division 

There  are  a  number  of  subjects  before  this  Division  upon 
which  reports  are  expected  for  consideration  at  the  meeting 
planned  to  be  held  in  New  York  City  on  May  1.  A  new 
Subdivision  was  appointed  last  January  to  continue  the1 
work  of  making  several  revisions  of  the  present  standard 
for  Metric  Roller  Bearings  to  make  it  more  complete  and 
uptodate  with  regard  to  sizes,  tolerances,  cage  clearances, 
corner  radii  and  other  details. 

In  connection  with  the  ball-bearing  standards,  the  sub- 
jects to  be  acted  upon  include  possible  changes  in  the  widths 
of  the  wide-type  bearings,  extending  the  number  of  sizes 
and  making  other  changes  in  the  several  series  of  the  an- 
nular type,  largely  in  an  endeavor  to  come  to  agreement 
with  foreign  manufacturers  and  thus  establish  more  nearly 
similar  standards  internationally.  Also,  the  advisability  of 
establishing  an  American  standard  Extra  Light  Series  will 
be  considered. 

A  Subdivision  is  preparing  a  report  on  Metric  Thrust  Bali- 
Bearings  and  it  is  hoped  that  its  deliberations  will  be  com- 
pleted in  time  for  final  study  at  the  Division  meeting. 

Electrical  Equipment  Division 

Subdivision  reports  on  Breaker  Contacts  and  Small  Mag- 
neto Mountings  have  been  submitted  generally  in  a  canvass 
upon  the  results  of  which  the  Division  will  act.  Among  the 
subjects  with  relation  to  which  definite  recommendations 
are  expected  are  Generator  Strap-Mountings,  Generator 
Through-Drive  Shafts  and,  possibly,  Magnet  Wh-e  Specifica- 
tions. Revisions  that  will  improve  the  present  standards 
for  Generator  Flange-Mountings,  Starting-Motor  Flange- 
Mountings  and  Ignition  Distributor  Mountings  are  expected. 
The  Division  should  also  consider  revision  of  the  present 
standards  for  cable  and  wire  terminals.  It  is  planned  to 
hold  a  meeting  of  the  Division  in  Detroit  on  April  14. 

Electric  Vehicle  Division 

Although  no  electric-vehicle  standards  have  been  adopted 
by  the  Society  for  some  time,  it  is  the  intention  to  under- 
take the  standardization  of  storage-battery  cradle  and  tray 
dimensions  and  to  standardize  on  one  size  of  battery  charg- 


ing-plug.  A  meeting  will  be  held  in  New  York  City  on 
April  5  to  start  this  work  and  it  is  hoped  that  some  con- 
crete recommendations  will  be  ready  for  final  discussion 
at  the  meeting  planned  to  be  held  in  Detroit  on  May  10. 

Engine  Division 

At  the  April  17  meeting  in  Chicago  it  is  planned  to  have 
at  hand  the  Subdivision  report  on  Carbureter  Flanges  for 
motorcycles  and  to  prepare  a  revised  recommendation  for 
Engine  Testing  Forms  along  lines  suggested  at  the  January 
meeting  of  the  Society  in  New  York  City.  Two  new  subjects, 
Engine  Support  Arms  for  subframe  construction  and  Crank- 
case  Drain-Plugs,  await  Division  action.  It  is  expected  that 
final  recommendations  on  some  of  these  subjects  can  be 
made  at  the  May  11  meeting  in  Chicago. 

On  April  18,  the  Engine  Division  will  meet  jointly  with 
the  Lubricants  Division  and  the  other  automotive  Divisions 
listed  in  the  schedule,  to  act  upon  the  Lubricating  Oil  Speci- 
fications prepared  by  the  Lubricants  Division. 

Iron  and  Steel  Division 

The  April  11  meeting  in  Detroit  will  be  devoted  largely 
to  conferring  with  representatives  of  the  tractor  and  agri- 
cultural implement  manufacturers  on  the  matter  of  elim- 
inating from  the  Standard  specifications  some  of  the  pres- 
ent S.A.E.  Carbon-Steels  and  possibly  adding  a  group  of 
bessemer  steels.  It  is  hoped,  however,  that  Subdivision  re- 
ports on  Chromium  and  Chrome-Vanadium  Steels  and  on 
Sheet  Steels  can  be  acted  upon  at  that  time.  One  of  the 
important  subjects  in  hand  is  Rolling  Tolerances  for  Leaf- 
Spring  Stock.  A  report  on  this  was  circulated  recently  in 
the  industries  for  the  purpose  of  securing  comment. 

Isolated  Electric  Lighting  Plant  Division 

Probably  the  only  work  this  Division  will  do  is  to  co- 
operate with  the  Lubricants  Division  at  the  joint  meeting  in 
Chicago  on  April  18  on  the  subject  of  Lubricating  Oil  Speci- 
fications. 

Lighting  Division 

The  most  important  subject  before  this  Division  is  Head- 
lamp Illumination  Specifications.  The  motor  vehicle  light- 
ing committee  of  the  Illuminating  Engineering  Society,  with 
which  the  Lighting  Division  has  cooperated,  has  submitted 
a  revision  of  the  present  standard  for  the  laboratory  test- 
ing of  automobile  headlamps  for  proper  illumination  inten- 
sities and  distribution  of  light  beam.  Among  the  subjects 
suggested  for  revision  are  Bases,  Sockets  and  Connectors, 
Incandescent  Lamps  and  Headlamp  Mountings.  It  has  been 
suggested  also  that  Headlamp  Reflectors  and  Focusing 
Mechanisms  should  be  considered  by  the  Division  at  its  meet- 
ing in  Cleveland  on  May  3. 

Lubricants  Division 

Tentative  recommendations  for  Crankcase  Oils  for  passen- 
ger cars,  motor  trucks,  motorboats  and  tractors,  Motorcycle 
Oils  and  Transmission  Lubricant  Specifications  that  were 
circularized  last  fall  probably  will  be  reported  upon  defin- 
itely at  the  meeting  in  Chicago  on  April  18.  This  meeting 
will  be  held  in  conference  with  the  Agricultural  Power 
Equipment,  the  Engine,  the  Isolated  Electric  Lighting  Plant, 
the  Motorcycle  and  the  Stationary  Engine  Divisions  to  recon- 
cile the  specifications  to  the  needs  of  the  different  automo- 
tive groups. 

Motorboat  Division 

Among  the  subjects  assigned  to  this  Division  are  Engine 
Support  Arms,  Exhaust-Manifold  Connections,  Tachometer 
Drives  and  Motorboat  Controls  (reverse  gear).  Motorboat 
electrical  equipment  and  the  tentative  lubricants  specifica- 
tions also  will  be  considered  by  it. 

Nomenclature  Division 

This  Division,  which  has  been  inactive  for  over  2  years, 
has  been  scheduled  to  meet  in  New  York  City  on  April  3, 
principally  to  determine  upon  the  form  in  which  the  nomen- 
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clature  fur  tin  mil   materials  entering  into  the  con- 

itruction  of  various  types  of  automotive  apparatus  should 
be  published.  The  present  S.A.E.  Nomenclature  for  Passen- 
.  printed  on  pages  Ki  to  k_'i  of  the  s.A.K.  Hand- 
book, should  be  reviewed  from  the  standpoints  of  revision, 
■  sion  and  correlation  with  nomenclatures  proposed  to  be 
standardized  for  other  automotive  groups. 

Non-Ferroi  s  Metals  Division 

A  Subdivision  report  is  expected  on  Aluminum  Alloys,  in- 
cluding one  having  ;i  copper-content  of  from  approximately 

to  11.0  per  cent,  and  specifications  for  aluminum  Bheet, 
roil  and  tubing.     The  Division  will   probably  make  definite 

mmendations  on  these  subjects  al  its  meeting  in  Cleve- 
land on  May  1. 

Part.-  w>  Fn  riNGS  Division 

The  important  subjects  awaiting  disposition  by  tin-  Divi- 
sion are  Ball  Studs,  Flexible  Discs  foi  Couplings,  Gasoline- 
Tank  Filler-Pipes  and  taps.  Spring  Shackle-Bolts,  Passen 
I  ar  Bumper  Mountings,  Cotter-Pins  and  Plain  Washers. 
Subdivisions  have  been  working  on  several  of  these  subj 
and  current  progress  indicates  thai  definite  reports  can  be 
made  at  the  Division  meeting  in  Detroit  on  April  12. 

Passenger  Car  Division 

The   most   important   subject   on   which    it    is   probable   this 
Division  can  act  is  Passenger-Car  Front-Axle  Huhs.     Tenta 
irrangements  have  been  made  to  have  this  Division  meet 
jointly  with  the  Axle  and   Wheels    Division    in   Cleveland  on 
May  2. 

Passenger-Car  Body  Division 

Subdivision  reports  are  expected  on  recommendations  for 
Door-Handles.  Door  Hinges,  Plate  Class.  Windshield  Side- 
Arms  and  Wood-Screw  Drill-Sizes.  Considerable  progress 
has  been  made  on  several  of  these  subjects  and  it  is  hoped 
that  final  action  can  be  taken  on  them  at  the  meeting  in 
Detroit  on  May  8. 

Screw  Threads  Division 

Although  a  large  amount  of  the  work  assigned  to  this 
Division  is  related  closely  to  that  of  the  National  Screw 
Thread  Commission  and  the  American  Engineering  Stand- 
ards Committee's  Sectional  Committees  on  Screw  Thread 
Standardization  and  on  Bolt.  Nut  and  Rivet  Proportions. 
for  which  the  Society  is  one  of  the  sponsors,  it  is  felt  that 
ress  can  be  made  by  holding  the  meeting  set  for  Cleve- 
land on  May  1.  A  number  of  other  subjects  are  listed  for 
consideration    by    this    Division,    including    Bolt    and     Rivet 


Heads,  Studs.  Spark-Plug  Threads,  Tire  Valves  and  Machine- 
Screw  Nuts. 

Springs  Division 

\;  the  meeting  in  Detroit  on  March  i  I  the  present  S.A.E. 
spring  standards  and  recommended  practices,  printed  in  the 
s.A.K.  Handbook,  commencing  on  pay  hi,  were  reviewed 
and  si. me  modifications  proposed,  The  subjects  were  divided 
among  threi  Subdivisions  for  review  and  report,  and  it  is 
planned  to  lake  further  action  al  the  Division  ting  to  be 

held  in   Detroit  on   May  5.     Perhaps  the   most   important   mat- 
reported   i"   the    Standards   Committee    i      (tolling 
Tolerances  for  Concavi    I  eaf-Springs.    This  subject  is  under 

consideration  also  in   the   Iron  and  Steel    Division,  and  a 
munication   with    regard    to    it    ha  ■  ni    throughout   the 

industries  by  the  Society. 

Si  \tionary  Engine  Division 

A  number  of  subjects,  including  Crankshafts,  Stationary- 
Kngine  Belt-Speeds,  Flywheel  Pulley  Lugs  and  Poppet 
Valves,  have  been  before  this  Division.  It  is  hoped  that  suf- 
ficient progress  will  be  made  to  permit  the  submission  "f 
final  recommendations  on  a  number  of  these  subjects  at  the 
Division  meeting  in  Chicago  on  May  12.  The  Division  is 
scheduled  also  to  meet  with  the  Lubricants  Division  in  Chi- 
cago on  April  18,  to  pass  upon  recommendations  for  Lubri- 
cating Oil   Specifications. 

Storage  Battery  Division 

It  is  likely  that  this  Division  will  take  up  several  matters 
connected  with  electric  cars  and  trucks,  among  these  being 
Storage-Battery  Jar  Dimensions  and  Molded  Hard-Rubber 
Containers. 

Transmission  Division 

Standardization  features  relating  to  Oiling  Mechanism  for 
Clutch  Bearings,  Clutch  Facings  and  Transmission  Tire-Pump 
Mountings  are  having  study  in  Subdivisions.  The  Divi- 
sion has  before  it  the  subject  of  Transmission  Drives  for 
Speedometers,  this  being  in  abeyance  pending  the  disposi- 
tion of  certain  patent  matters.  It  is  planned  to  take  final 
action  on  as  many  as  possible  of  the  subjects  before  the 
Division  at  its  meeting  in  Detroit  on  April  13. 

Truck  Division 

The  subjects  of  Body  Hold-Down  Clamps,  Dumping-Hoist 
Platforms  and  mounting  dimensions  for  Motor-Truck  Cabs 
are  assigned  to  this  Division.  It  is  trusted  that  sufficient 
data  in  these  connections  will  be  available  to  enable  the  Divi- 
sion to  make  definite  recommendations  at  its  meeting  sched- 
uled for  Detroit  on  May  9. 


NUMBER  AND  VALUE  OE  FARM  ANIMALS 


THK  accompanying  tables  that  have  been  compiled  recently 
by  the  Department  of  Agriculture  give  the  numbers  and 
values  of  the  different  kinds  of  farm  animals  in  the  United 
States  on  the  first  day  of  .January  of  the  years  1920,  1921 
and   1922. 

During  the  2  year-  from  Jan.  1.  1'.'20,  to  Jan.  1.  PJ22,  the 
horses  on  American  farms  decreased  in  number  by  667,000 
and  in  value  by  $561,492;000 ;  the  mules  increased  in  num- 
ber  by   9000   but   decreased    in    value   by    $325,689,000;    the 

milch    cows    increased    in    number    by    306, but    decreased 

in   value  by  $811,983,000;   other   cattle  decreased   in   number 

by  2.074,000  and   in  value  bj    $892,377, ;    •'■ -leased 

in  number  by  2,977,000  and  in  value  by  $235,427,000;  and 
swine  decreased  in  number  by  2.348,000  and  in  value  by 
$558,269,000. 

These  above  figures  relate  only  to  animals  on  farms.  The 
numbers  and  values  of  the  different  kinds  of  animals  not  on 
farms,  in  cities  and  villages,  have  not  been  estimated  by  the 
Department  of  Agriculture.  According  to  the  last  census. 
however,  the  number  of  such  animals  were  as  follows: 
1,705,611;    mules,    378,250;    cattle,    including    milch 


Horse 
Mules 
I  'ows 
Cattle 

Sheep 
Hogs 

Total 


Hoi   e 

Mules 

<  lows 

Cattle 

Sheep 

Hogs 


Number 

Jan.  1,  1920        Jan.  1,  1921        Jan.  1, 1922 

19,099,000 
5,436,000 
24,028,000 
41,324,000 
36,048,000 
56,996,000 

182,931,000 


i9,7t;i;,o<Mi 

5,427,000 

2:1,722,011(1 
13.39S,  1)0(1 
39,025,000 
59,344,000 


19,208,000 
5,455,000 
23.594,000 
41,993,000 
:,7. 452.000 
56,097,000 


190,682,000         183,799,000 

Value 
Jan.  1,1921 

*l,(il9,i2:;,ooo 
636,568,000 


Jan.  1,1920 

*i,907,<;4»;. 

805,495,000 
2,036,750,000 

1,875,043, 

108, 586,000 
i,i3i,i;74.ooo 


1,515,249,000 

'l, 310,727,000 
235,865,000 
727,380,000 


Jan.  1,  1922 
$1,340, 154, 000 
479,806,000 
1,224,767,000 
9X2,066,000 
173,159,000 
573,405,000 


Total      $8,165,194,000     $6,051,202,000     $4,779,957,000 


cows,  2,111,928;  sheep,  450,742;  swine,  2,638,389.- 
World. 
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ACTIVITIES  OF  THE  SECTIONS 


Secretaries  of  the  Sections 


Buffalo  Section — E.  T.  Mathewson,  Acting  Secretary,  321  Fidelity  Building,  Buffalo 
Cleveland  Section — E.  W.  Weaver,  5103  Euclid  Avenue,  Cleveland 
Dayton  Section — R.  B.  May,  Dayton  Engineering  Laboratories  Co.,  Dayton,  Ohio 
Detroit  Section — B.  Brede,  assistant  secretary,  1361  Book  Building,  Detroit 
Indiana  Section — B.  F.  Kelly,  Weidely  Motors  Co.,  Indianapolis 
Metropolitan  Section — F.  E.  McKone,  347  Madison  Avenue,  New  York  City 
Mid-West  Section — T.  Milton,  140  South  Dearborn  Street,  Chicago 
Minneapolis  Section — C.  T.  Stevens,  Reinhard  Brothers  Co.,  Minneapolis 
New  England  Section— H.  E.  Morton,  B.  F.  Sturtevant  Go.,  Hyde  Park,  Boston 
Pennsylvania  Section — T.  F.  Cullen,  Chilton  Co.,  Market  and  49th  Streets, 

Philadelphia 
Washington  Section— B.  R.  Newcomb,  211  Victor  Building,  City  of  Washington 


PRESIDENT  BACHMAN  has  suggested  that  the  Sec- 
tions could  perform  a  valuable  service  by  scheduling  for 
consideration  from  time  to  time  at  their  meetings  the  stand- 
ardization work  under  way  in  the  Society.  While  it  is 
felt  that  the  members  comprising  the  various  Divisions  of 
the  Standards  Committee  are  undoubtedly  representative 
of  the  most  authoritative  p'.gineering  knowledge  and  opin- 
ion in  their,  respective  .elds,  it  is  nevertheless  apparent 
that  no  opportunity  should  be  lost  to  bring  to  the  attention 
of  all  members  of  the  Society  certain  proposed  standards  in 
order  that  the  Standards  Committee  may  have  before  it 
the  thoughts  and  conclusions  of  as  wide  a  circle  as  possible, 
before  final  action  is  taken. 

Perhaps  an  even  greater  service  can  be  rendered  by  the 
Sections  in  conducting  discussion  of  the  standards  that  have 
been  established,  with  a  view  to  increasing  their  use  where 
they  are  applicable,  or  modifying  them  if  necessary  to  in- 
crease their  general  usefulness. 

With  these  ideas  in  mind,  a  number  of  the  Sections  have 
been  asked  to  give  attention  at  their  current  meetings  to 
certain  proposed  new  standards  or  modifications  of  old 
ones.  The  subjects  have  been  chosen  with  reference  to  their 
appropriateness  in  connection  with  papers  to  be  presented 
at  the  respective  Section  meetings,  so  that  among  those  at- 
tending there  may  be  a  number  well  qualified  to  present 
views  on  the  particular  Standards  matter  under  considera- 
tion. 

Standards  matters  for  discussion  in  connection  with  papers 
presented  or  to  be  presented  include : 


Section 
Buffalo 
March  21 


Pennsylvania 
March  23 


Subject  of  Paper 
Electric     Wiring     Sys- 
tems—W.  S.  Haggott 


Batteries    and    Electri- 
cal Equipment 


Metropolitan 
March  23 


Minneapolis 

April  5 


Truck    Rear-Axles- 

E.  Favarv 


Tractor    Publicity    and 
Demonstrations 


Standard 

Electrical  F  i  t  - 
tings,  such  as 
cable  connect- 
ors, clamps  and 
junction  boxes 

General  discus- 
sion o  f  present 
battery  stand- 
ards and  sug- 
gestion of  modi- 
fications to  pro- 
mote  their 
greater  use 

Discussion  of  the 
possibility  o  f 
standardization 
with  respect  to 
rear-axles 

Application  of  S. 
A.  E.  Standards 


Detroit 
April  21 


Crankcase  Oil-Dilution 
Problems  and  Their 
Solution— W.  F.  Parish 


Recent  Meetings 


to  tractors  and 
their  value  to 
the  tractor  in- 
dustry. 
Discussion  of  ten- 
tative oil  speci- 
fications of  the 
Lubricants  D  i  - 
vision 


At  the  meeting  of  the  Minneapolis  Section  at  the  Manu- 
facturers' Club  on  March  1  A.  W.  Scarratt  spoke  on  Devel- 
opment    in     Automotive     Transportation    and     Equipment; 


Schedule  of  Sections  Meetings 

APRIL 

5 — Minneapolis   Section  —  Tractor   Publicity 

and  Demonstrations 
7 — Washington  Section  —  Automobile  Head- 
light Problem— Dr.  E.  C.  Crittendon 

14 — Mid-West  Section  —  Various  Commercial 
Fuels   and   Their   Relative   Characteristics 

21 — Metropolitan  Section  —  New  England 
Section  —  Joint  meeting  at  New  Haven, 
Conn.  Inspection  of  laboratory  equip- 
ment; and  description  of  methods  used  in 
determining  losses  from  the  engine  to  the 
road,  by  Prof.  E.  H.  Lockwood 

21 — Detroit  Section  —  Crankcase  Oil  Dilution 
Problems  and  Its  Solution — William  F. 
Parish 

21 — Cleveland  Section  —  Motor-Vehicle  Light- 
ing— H.  H.  Magdsick 

27 — Pennsylvania  Section — Motor  Trucks  and 
Transportation — C.  T.  Myers 


MAY 


12 


Mid- West  Section — Fundamental  Losses  in 

Automotive   Apparatus — Their    Magnitude 

and  Reduction  Possibilities 
19 — Detroit    Section — Cylinder- Wall    Surfacing 

Methods 
25 — Pennsylvania  Section  —  Either  Outing  at 

Tori'esdale  or  Body  Meeting 
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E.  R.  Greer  treated  t tif  phase  of  automotive  ation 

relating  to  trailers;  and  Dr.  C.  A.  Prosser  gave  an  address 
on   the    Profession   of   the   Engineer. 

At  the  Cosmos  Club  on  March  :;  A.  \V.  Serrington,  auto- 
motive engineer.  Quartermaster  Corps,  U.  S.  A.,  gave  an 
account  of  his  experiences  with  Small  High-Efficiency  Air- 
Cooled  Engines.     His   talk  was   illustrated. 

In   the   opinion   of   a    number  of   those   who   were   present, 

the  paper  on  Air-Cooled  Cylinder  Design  presented  by  S.  D. 

Heron  at  the  Dayton  Section  meeting  on  March  7  was  very 

i    and   comprehensive.      Several    ollicers   of   the   Society, 

who   had  attended  a  Council  meeting  in   Dayton  during  the 

day,  were  present.     At  the  dinner  preceding  the  meeting  at 

the  Engineers'  Club,  President  Bachman  and  Past  President 

roft    addressed    the    members    and    their    guests,    ('apt. 

G.  E.  A.  Hallett,  chairman  of  the  Section,  presiding.     About 

the  meeting. 

A  paper  of  rather  unusual  interest  was  tfiat  given  by 
A.  C.  Vauclain  before  the  Buffalo  Section,  Feb.  21,  on  Re- 
silient Wheels.  At  the  meeting  of  this  Section  on  March 
21  W  S  Haggott  presented  a  paper  on  Electric  Wiring 
Sj  stems  for  Automobiles,  which,  together  with  the  discus- 
sion growing  out  of  it,  will  probably  form  a  basis  for  ac- 
tion by  the  Electrical  Equipment  Division  of  the  Standards 
i  "mmittee. 

K.  H.  Tower  spoke  before  the  Cleveland  Section  on  Feb. 
17.  on  Commercial  and  Laboratory  Methods  of  Testing 
Ignition.  Plans  are  now  under  way  for  the  Cleveland  Sec- 
tion's share  in  the  festivities  that  will  take  place  during 
the  Summer  Meeting  of  the  Society  at  White  Sulphur 
Springs.  According  to  a  wireless  telephone  conversation 
recently  held  with  L.  L.  Williams,  the  efficient  press  agent 
of  the  Section,  the  Cleveland  stunt  this  year  will  be  the 
"greatest  show  on  earth;  bigger  and  better  than  ever." 
Those  who  saw  last  year's  performance  will  be  inclined  to 
agree  that  they  will  stage  some  very  much  worthwhile  fool- 
ishness. At  the  March  17  meeting  of  the  Section  William  T. 
Walker  gave  a  paper  on  Truck  Axles. 


Scarcel]  a  month  passes  in  which  at  least  one  of  the 
Sections  does  not  contribute  something  toward  the  general 
understanding  of  the  business  situation.  C.  C.  Parlin 
spoke  before  the  New  England  Section  at  the  Boston  Engi- 
neers' Club  on  March  17.  having  as  a  subject,  Business  As- 
pects  of    the    Automotive    Industry. 

Ethelbert  I'avary,  at  the  Metropolitan  Section  meeting  of 
March  23,  presented  a  review  of  the  various  designs  of  truck 
rear-axle.  Cornelius  T.  Myers  brought  up  the  matter  of  the 
desirability  of  standardization  in  this  quarter.  On  the  same 
evening  the  Pennsylvania  Section  discussed  Batteries  and 
Electrical  Equipment  at  the  Philadelphia  Engineers'  Club. 
The  speakers  were  T.  W.  Hearne,  who  gave  a  paper  on  Stor- 
age Batteries  from  the  Service  Standpoint;  A.  K.  Brum- 
baugh, who  related  some  phases  of  the  truck  lighting  prob- 
lem; and  L.  P.  Neal,  who  discussed  electrical  units  from  the 
service  viewpoint.  There  was  also  a  general  discussion  of 
the  present  S.A.E.  storage  battery  standards  with  a  view  to 
bringing  out  any  constructive  criticism. 

In  the  light  of  the  necessity  for  lowering  in  every  way  all 
costs  entering  into  car  construction  that  do  not  add  to  the 
quality  of  the  output,  production  matters  are  assuming  in- 
creased importance.  The  Detroit  Section  has  realized  this 
and  expects  to  hold  a  number  of  meetings  on  various  pro- 
duction problems  during  the  coming  months.  The  first  of 
the  series  was  held  on  March  24. 

The  Detroit  Section  meeting  of  Feb.  24  was  on  the  sub- 
ject of  Light- Weight  Pistons  and  Piston-Ring  Design.  Sev- 
eral short  papers  were  presented,  these  being  by  John  Ma- 
gee,  Charles  R.  Manes,  James  E.  Diamond,  Ferdinand  Jehle 
and  Frank  Jardine. 

A  large  number  of  railroad  and  street-car  operating  of- 
ficials were  invited  by  the  Indiana  Section  on  March  29  to 
inspect  a  gasoline  engined  railroad-car  that  was  driven 
from  Wabash  to  Indianapolis.  The  demonstration  was  fol- 
lowed by  a  dinner  at  the  Indianapolis  Chamber  of  Com- 
merce, after  which  Charles  O.  Guernsey  gave  a  highly  inter- 
esting paper  on   railroad  motor  cars. 


OBITUARY 


Walter  A.  Schuehle,  road-inspection  engineer  for  the 
Lexington  Motor  Co.,  died,  Jan.  3,  1922,  aged  36  years.  He 
was  born,  Jan.  13,  1885,  at  Chicago.  Following  his  prelim- 
inary training,  he  became  chief  inspector  for  the  Overland 
Motor  Car  Co.  in  1907  and  continued  inspection  work  with 
this  company  until  1910,  with  the  Federal  Motor  Works 
from  1910  to  1914,  and  with  the  Lyons  Atlas  Co.  from  1914 
to  1915.  He  was  then  with  the  National  Motor  Vehicle  Co. 
until  1916,  when  he  became  traveling  engineer  for  the  Cole 
Motor  Car  Co. 

His  war  service  was  inclusive  of  work  for  the  Signal 
Corps  as  aeronautical  mechanical  engineer  and  for  the  Bu- 


reau of  Aircraft  Production  as  assistant  consulting  engineer 
of  armament.  In  the  latter  work  he  was  associated  closely 
with  A.  L.  Nelson  and,  when  Mr.  Nelson  left  the  service, 
Jan.  15,   1919,  Mr.  Schuehle  succeeded  to  his  position. 

Mr.  Schuehle  did  much  of  the  testing  in  connection  with 
the  development  of  the  Nelson  gun  control  and  was  respon- 
sible also  for  many  of  the  design  changes  in  the  Marlin, 
Vickers  and  Browning  aircraft  guns.  After  leaving  the 
service  of  the  Government,  he  became  an  inspection  engineer 
for  the  General  Motors  Co.,  at  Walkerville,  Ont.,  Canada, 
his  last  position  being  with  the  Lexington  Motor  Co.  He  was 
elected  to  Member  grade  in  the  Society,  Oct.  30,  1918. 
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Current  Standardization  Work 


A  MEETING  of  the  Iron  and  Steel  Division  was  held  in 
New  York  City  on  Feb.  21,  at  which  several  subjects 
mentioned  hereinafter  were  discussed,  but  no  final  action 
taken  thereon.  The  Springs  Division  held  on  March  14  in 
Detroit  a  meeting  at  which  a  program  for  the  year  was  laid 
out,  Subdivisions  being  appointed  in  order  to  facilitate  the 
work. 

Standards  Letter  Ballot 

The  results  of  the  letter  ballot  on  the  adoption  of  the 
standards  acted  upon  at  the  January  Standards  Committee 
Meeting  are  given  on  page  260  of  this  issue. 

Ball  Bearings 

The  following  requests  have  been  submitted  by  the  Sec- 
tional Committee  on  Ball  Bearings  of  the  American  Engi- 
neering Standards  Committee,  hereinafter  called  the  Sec- 
tional Committee,  to  the  sponsor  bodies,  the  Society  of  Auto- 
motive Engineers  and  the  American  Society  of  Mechanical 
Engineers.  These  requests  will  be  considered  at  the  next 
meeting  of  the  Ball  and  Roller  Bearings  Division. 

Extra-Light  Series. — The  Sectional  Committee  has  re- 
quested that  the  Society  investigate  the  German  extra-light 
series  of  annular  ball  bearings  and  give  careful  consideration 
to  the  advisability  of  establishing  a  corresponding  S.  A.  E. 
Standai'd. 

Light  Series,  Extra  Large. — The  Sectional  Committee  has 
requested  that  the  Society  make  a  careful  study  of  the  pro- 
posed German  standard  and  if  possible  change  the  outside 
diameters  for  the  present  S.  A.  E.  Standard  extra-large 
light-series  bearings  to  agree  with  the  outside  diameters 
adopted  by  the  German  Standards  Committee;  and  that  the 
widths  adopted  by  the  German  Committee  should  be  thor- 
oughly considered.  The  Sectional  Committee  believes,  how- 
ever, that  the  narrow  widths  will  not  permit  satisfactory 
design  of  radial  bearings  carrying  an  appreciable  thrust- 
'  load  and  that  they  are  not  suitable  for  the  design  of  double- 
row  ball  bearings  with  spherical  outer  races. 

Medium  Series,  Extra  Large. — The  Sectional  Committee 
has  requested  that  the  Society  make  a  careful  study  of  the 
proposed  German  standard  and  if  possible  change  the  out- 
side diameters  of  the  present  S.  A.  E.  Standard  extra-large 
medium-series  bearings  to  agree  with  the  outside  diameters 
adopted  by  the  German  Standards  Committee. 

Heavy  Series. — The  Sectional  Committee  has  requested 
that  the  Society  make  a  careful  study  of  the  proposed  Ger- 
man Standard  and  change  the  outside  diameters  for  S.  A.  E. 
bearings  above  85-mm.  bores  of  the  heavy  series  to  agree 
with  the  outside  diameters  adopted  by  the  German  Standards 
Committee. 

Wide  Type. — The  Sectional  Committee  has  requested  that 
the  Society  consider  (a)  changing  the  outside  diameters  of 
the  light,  medium  and  heavy  series  double-row  bearings  to 
conform  with  such  outside  diameters  as  are  finally  adopted 
for  the  single-row  bearing's;  (6)  changing  the  S.  A.  E. 
Standard  to  bring  the  widths  of  the  S.  A.  E.  and  German 
standards  together,  or  to  change  the  inch  widths  to  milli- 
meters; (c)  investigating  the  possibility  of  a  demand  in 
America  for  a  narrower  series  of  double-row  ball  bearings 
than  the  present  S.  A.  E.  Standard. 

The  Sectional  Committee  suggests  that  in  studying  the 
possible  change  of  outside  diameters  the  Society  endeavor 
to  omit  some  of  the  intermediate  sizes,  particularly  in  the 
heavy  series,  and  that  the  outside  diameters  of  the  series 
be  selected  so  that  as  few  outside  diameters  as  possible  are 
necessary,  to  reduce  the  necessary  tool  equipment. 

Corner  Radii. — The  Sectional  Committee  has  requested  that 
the  Society  consider  changing  the  S.  A.  E.  Standards  so 
that  they  will  conform  with  the  corner  radii  adopted  by  the 
German  Standards  Committee,  particularly  in  view  of  the 
fact  that  it  is  stated  that  the  S.  A.  E.  corner  radii  are  too 
small. 


Tolerances. — The  Sectional  Committee  has  requested  that 
the  Society  consider  the  German  standard  width-tolerances 
and  indicate  what  recommendation  should  be  made  for  stand- 
ard width-tolerances  in  American  practice,  as  well  as  what 
would  be  the  result  in  America  if  the  closer  German  toler- 
ances were  adopted. 

Ignition-Distributor  Mountings 

The  present  S.  A.  E.  Standard  for  Ignition-Distributor 
Mountings,  page  B16,  S.  A.  E.  Handbook,  specifies  that  the 
distance  from  the  base  of  the  distributor  body  to  the  end  of 
the  coupling  tongue  shall  "vary  to  suit  conditions." 

As  it  was»thought  that  this  dimension  should  be  stand- 
ardized, a  Subdivision  of  the  Electrical  Equipment  Division 
was  appointed  to  circularize  ignition-distributor  manufac- 
turers and  users  and  to  recommend  a  revision  of  this  stand- 
ard based  upon  the  data  obtained.  W.  A.  Chryst  was  ap- 
pointed to  carry  on  this  work  and  has  recommended  that  the 
following  revisions  be  made  in  the  present  S.  A.  E.  Standard 

( 1 )  Specify  a  dimension  of  27/32  in.  for  the  distance 
from  the  base  of  the  distributor  body  to  the  end 
of  the  coupling  tongue  of  the  Type-B  ignition-dis- 
tributor 

(2)  Change  the  limits  for  the  bore  of  the  collar  from 
0.4930  in.  maximum  and  0.4920  in.  minimum  to 
0.4915  in.  maximum  and  0.4905  in.  minimum 

The  dimension  of  27/32  in.  is  in  accord  with  present  prac- 
tice. The  revision  in  limits  does  not  affect  the  actual  manu- 
facturing tolerances  now  specified  for  each  part,  but  results 
in  closer  fits,  0.0020  in.  maximum  and  0.0005  in.  minimum 
instead  of  0.0035  in.  maximum  and  0.0020  in.  minimum,  be- 
tween the  collar  and  the  shaft.  As  it  is  thought  that  the  fit 
of  the  tongue  and  the  groove  is  more  important  than  that 
of  the  collar  and  the  shaft  because  there  is  more  wear  be- 
tween the  former  than  between  the  latter,  no  revisions  of 
the  present  limits  are  recommended. 

Passenger-Car  Bumpers 

In  1921  a  questionnaire  was  sent  to  passenger-car  builders 
as  to  the  feasibility  of  standardizing  a  plain  bolted-on  con- 
nection for  passenger  cars  using  the  conventional  type  of 
pressed-steel  frame.  Although  it  was  pointed  out  that  the 
adoption  of  such  a  standard  would  necessitate  providing 
holes  in  the  passenger-car  frame  in  conformity  with  what- 
ever standard  was  proposed,  these  holes  to  be  used  either 
by  the  passenger-car  builders  for  mounting  bumpers  as  stand- 
ard equipment  or  by  the  owners  for  mounting  bumpers  as 
accessories,  over  90  per  cent  of  manufacturers  replying  to 
the  questionnaire  recommended  the  formulation  of  such  a 
standard  bumper-mounting. 

A  Subdivision,  consisting  of  F.  G.  Whittington  and  E.  W. 
Weaver,  was  therefore  appointed  to  formulate  a  preliminary 
recommendation  and  has  recently  submitted  the  recommenda- 
tion given  in  Fig.  1. 
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Fig.   1 — Proposed  Recommendation  fob   Passenger-Car  Bumpers 

Two   33/64-in.    diameter   bolt-holes    shall   be   located 
on  or  near  the  neutral  axis  of  the  frame  section 

The  first  bolt-hole  from  the  frame   horn   shall   coin- 
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cide  with  the  Brat   or   second   rivet   hole  and  shall  be 
located  at  least  l  in.  above  the  frame-horn  lug.   • 
ance  must  be  provided  for  the  bolt-head  inside  of  the 
frame  channel 

The  second  holt-hole  shall  be  located  on  a  tine  pass- 
ing through  the  center  of  the  first  bol  •  an 
angle  of  15  deg.  plus  or  mums  J  deg.  above  the  hori- 
zontal ami  at  a  distance  from  the  first  bolt  hole  of 
from  ." '  i  to  i%  in.  In  cases  where  the  second  I 
hole  is  to  be  used  for  mounting  a  shock-absorber,  the 
hole  shall  he  located  not  more  than  1  7  16  in.  from  the 
bottom  of  the  frame  channel  at  the  nearest  point 

There  should  be  normally  a  clearance  of   '.    in. 
■i    thi    aide  rail   and    bumper   bracket    so   that    the 
latter  will  clear  the  rivet-heads 

In  ease  passenger  ears  are  not  equipped  with  bumpers  as 
dard   equipment,    it    is   intended   that   a   Hat-headed  bolt 
shall  be  used  in  phue  of  the  (i rst  or  second  rivet  to  facil 
mounting;  bump.  ties. 

Iron  and  steel  Specifications 

The  matters  outlined  below  were  brought  out  at  the  Feb- 
ruary Iron  and  Steel    Division  meeting. 
Chemical  Compositions. — The  suggestion    made  by    E.   A. 

Johnston,  of  the  International  Harvester  Co.,  to  reduce  the 
standard  carbon-steels  to  the  least  number  required  was  dis- 
d  in  considerable  detail  in  connection  with  present  prac- 
tice among  steel  pro  in  rs  and  parts  manufacturers.  A  con- 
ference on  the  subject  is  to  be  arranged  between  the  mem- 
bers of  the  Division  and  representatives  of  the  International 
Harvester  Co.  and  other   implement   manufacturers. 

It  was  stated  that  at  the  present  time  then'  is  no  com- 
position in  the  carbon-steel  group  suitable  for  steel  spring 
wire.  The  steel  used  by  the  steel-wire  manufacturers  ranges 
around  O.tio  per  cent  carbon  and  0.75  to  1.05  per  cent  man- 
ganese, but  it  is  thought  that  if  thee  were  an  S.  A.  E.  Steel 
designated  as  Steel  10(>5  concerted  effort  among  steel  mills 
would  practically  bring  about  its  universal  use.  S.  A.  E. 
Steel  8160  is  easilj  obtainable  and  used  to  some  extent  for 
the  purpose  in  mind,  but  the  greater  volume  of  spring  wire 
is  made  from  carbon-steel.  It  is  understood  that  the  steel- 
wire  mills  required  the  specially  high  manganese-content  in 
the  carbon-steel  because  of  difficulties  in  the  drawing  opera- 
tions encountered  with  lower-manganese  steels.  ■ 

Although  the  work  of  the  Iron  and  Steel  Division  so  far 
has  been   relate  eel  compositions   for  forging    purposes 

rather  than  to  compositions  for  special  purposes  such  as 
spring  wire,  it  is  felt  by  the  membi  Division  that 

the  suggested  subject  should  be  taken  up.  Chairman  Gil- 
ligan  appointed  the  following  Subdivision  to  investigate  th< 
practice  among  the  various  steel  wire  mills  and  to  prepare 
a  tentative  report  for  consideration  by  the  Division: 


L.  A.  Danse,  chairman 
W.  C.  Peterson 
C.  F.  \V.  Rys 

E.    \V.    Stewart 


Cadillac  Motor  Car  Co. 

Atlas  Crucible  Steel  Co. 
Carnegie  SI 

William  I  '    ■  Co. 


/•'•  -Attention    was   given    I  ibject   of 

lardizing  bessemer-steel  specification.-,  as   the  following 

comments  had   been   submitted: 

Outside  of  S.  A.  E.  Steel  1112,  screw-stock,  which 
could  be  a  bessemer  steel,  the  automotive  engineers 
are  strongly  in  favor  of  the  open-hearth  process,  due 
largely  to  the  low  phosphorus-content  possible  in  open- 
hearth  steels.  However,  the  attitude  toward  bessemer 
r.  is  not  altogether  justified,  as  perhap  cent 

of  the  steel  going  into  the  products  of  a   large  number 
of   the   implement   manufacturers  is  bessemer 

The    opinion    was   expressed    that   if   bes 
included  in  the  specifications,  there  would  be  danger  of  auto- 
mobile, manufacturers   using   them    when   open-hearth   steels 
are  not   readily  obtainable.     The    Division    members   present 

the   opinion    that   it    would   be   unwise   to   mix    - 
such  as  the  bessemer  types,   which  are  used  by  the  agricul- 


tural-implement manufacturers,  with  those  now  included  in 
the  S.  A.  E.  Steel  Specifications  which  are  used  by  the  auto- 
mobile and  tractor  industries.  As  it  was  deemed  inadvisable 
to  make  a  final  decision,  it  was  voted  to  table  the  subject  until 
further  information  shall  have   been  received. 

Coa(  Iron. — The  suggestion  that  the  Division  take  up  the 
matter  of  the  adoption  of  standard  specifications  for  east 
iron  was  discussed.  Previous  attempts  of  the  Division  to 
prepare  such  specifications  were  mentioned  and  the  opinion 
expressed  that  before  the  subject  is  taken  up,  tentative  speci- 
fications for  as  many  grades  of  cast  iron  as  may  he  COD  "I 
ered  necessary  should  be  submitted.  It  was  noted  that  the 
tendency  is  toward  specifying  the  grades  of  cast  iron  ac- 
cording to  the  Brinell  hardness  instead  of  by  chemical  analy- 

Sheei  Steel.  A  progress  report  was  submitted  from  W.  C. 
Peterson  that  data  are  being  collected  for  a  general  specifica- 
tion for  sheet  steel  and  that  a  tentative  report  should  be 
ready  for  consideration  by  the  Division  at   the  next  meeting. 

Leaf-Spring  Stock 

\i  the  Iron  and  Steel  Division  meeting  held  on  Oct.  21, 
1921,  M.  P.  Rumney  explained  that  the  spring  manufacturers 
had  felt  that  there  is  need  for  further  standardization  by 
the  Society.  It.  was  indicated  that  the  Leaf-Spring  Group  of 
the  Motor  and  Accessory  Manufacturers  Association  could 
accomplish  much  by  suggesting  to  the  Springs  Division  of 
the  S.  A.  E.  Standards  Committee  certain  subjects  for  stand- 
ardization or  in  some  cases  submitting  recommendation-  to 
the  Springs  Division  for  consideration  and  adoption  by  the 
Society. 

Mr.  Rumney  stated  that  under  present  conditions  there  is 
lack  of  uniformity  of  practice  in  rolling  leaf-spring  stock 
and  that  the  following  proposal,  which  had  been  submitted 
by  the  Leaf-Spring  Group,  is  the  best  compromise  that  could 
be  made  between  the  varying  practices  in  different  mills. 
It  was  decided  to  circularize  the  proposal]  among  manufac- 
turers and  users  of  leaf-springs  for  comment. 

ROLLING   TOLERANCES   FOR  CONCAVE   AUTOMOBILE 
SPRING    STEEL 

The  finished  bars  shall  be  of  double-concave  section 
with  round  edges.  The  radii  of  the  arcs  of  the  two 
concave  surfaces  shall  be  of  equal  length 

Rolls  to  produce  the  round  edges  shall  be  turned  to  a 
radius  equal  to  two-third-  the  thickness  of  the  bar 

All  bars  ordered  to  gage  shall  be  rolled  to  the  Bir- 
mingham wire  gage 

All  bars  must  meet  the  width  and  thickness  toler- 
ances specified  in  Table  1 

TABLE    1— WIDTH   AND    THICKNESS   TOLERANCES 


Width  of  Flat,  in. 
To,  Inclu- 
( )ver  sive 

0  2U 

2%  3 

3  5 


Width,  in. 
Plus        Minus 
1   32  0 

0 
1/16  0 


Thickness,'  in. 
Plus  Minus 
0.005  0.005 
0.006  0.000 
0.007        0.007 


'Thickness  asurei  where  con- 

cave surfai  i 


The  difference  in  thickness  between  the  two  edges 
of  each  bar  shall  not  be  greater  than  those  given  in 
Table  2 

TABLE  2 — DIFFERENCES   IN  THICKNESS 


Width  of  Flat.  in. 

To.  Inclu- 
Over         sive 
0  2 

•1  3 


Difference  in 
Thickness,  in. 

0.002 

0.003 

0.004 


Spring-steel    bars    shall    not   have   more   than    1-in. 
curvature   in  20  ft.,  or   l1,    in.   in  25  ft.,  or   1%   in.   in 
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The  concavity,  the  difference  between  the  thickness 
at  the  edges  and  at  the  center  of  the  bar,  shall  be  as 
specified  in  Table  3 


TABLE  3- 

-ALLOWABLE  VARIATIONS  IN 

CONCAVITY 

Nominal 

Maximum 

Minimum 

Concavity, 

Concavity, 

Concavity, 

Width.  in. 

in. 

in. 

in. 

1% 

0.007 

0.009 

0.004 

1% 

0.008 

0.010 

0.005 

2 

0.010 

0.012 

0.006 

2% 

0.011 

0.013 

0.007 

2% 

0.013 

0.015 

0.009 

3 

0.016 

0.018 

0.012 

3% 

0.018 

0.020 

0.013 

4 

0.021 

0.023 

0.016 

5 

0.029 

0.031 

0.023 

Motorboat  Controls 

Further  standardization  of  motorboat  controls  has  been 
suggested,  it  being  stated  that 

The  only  reverse  control  provided  on  all  marine  en- 
gines as  equipped  at  the  present  time  is  the  standard 
reverse  lever  keyed  to  the  reverse-gear  jackshaft.  This 
lever  has  been,  and  is,  the  only  reverse  control  provided 
since  the  installation  of  the  first  reverse-gear.  It  would 
be  helpful  if  a  standard  reverse-control  mechanism 
could  be  provided  on  all  standard  marine  engines  so 
that  the  motorboat  builder  could  connect  standard 
bridge-deck  controls  direct  to  the  engine  builders'  con- 
trol equipment,  which  it  is  impossible  to  do  on  any 
standard  marine  engine  today,  for  it  is  necessary  for 
the  motorboat  builder  to  throw  the  regular  reverse 
lever  away  and  build  his  own  controls  from  the  bridge- 
deck  control  position  all  the  way  to  the  reverse-gear. 

The  same  conditions  apply  in  every  respect  to  the 
spark  and  throttle  controls,  as  the  engine  builders  only 
provide  brass  levers  here  and  there  wherever  they  can 
be  mounted. 

Passenger-Car  Frames 

At  the  November  1921  meeting  of  the  Frames  Division 
the  present  S.  A.  E.  Recommended  Practice  for  Passenger- 
Car  Frames  was  reviewed  and  it  was  found  that,  although 
certain  parts  of  the  recommended  practice  are  still  in  accord 
with  present  practice,  much  is  obsolete. 

As  it  is  believed  that  a  standard  consonant  with  present 
practice  would  be  of  material  assistance  to  many  passenger- 
car  designers  and  to  the  frame  manufacturers,  owing  to  the 
fact  that  frequently  a  car  builder  is  willing  to  use  whatever 
frame  the  frame  manufacturer  is  tooled  for  which  will  meet 
with  his  requirements,  it  was  decided  to  circularize  the  in- 
dustry for  information  as  to  present  passenger-car  frame 
practice. 

There  is  a  tendency  in  some  instances  toward  the  use  of 
frames  with  straight  and  parallel  side-members.     If  the  data 


received  indicate  a  sufficient  use  of  this  type  of  frame  to  war- 
rant its  standardization,  it  should  perhaps  be  covered  by  the 
Division  recommendation.  Data  that  have  been  obtained  by 
the  Society  have  been  referred  to  a  Subdivision  for  prelim- 
inary study. 

Magneto  Mountings 

The  standardization  of  magneto  mountings  for  stationary 
engines,  isolated  electric-lighting  plants  and  small  tractors 
is  one  of  the  most  important  problems  before  the  Electrical 
Equipment  Division.  At  the  meeting  held  recently  in  Chi- 
cago by  the  Subdivision  appointed  to  formulate  a  recommen- 
dation a  preliminary  proposal,  Fig.  2,  was  approved.  This 
has  been  submitted  to  engine  and  magneto  manufacturers 
for  comment. 
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Fig.  2 — Preliminary  Proposal  for  a  Standard  Magneto  Mounting 


The  proposal,  together  with  all  comments  received,  will  be 
considered  at  the  next  meeting  of  the  Electrical  Equipment 
Division. 


BUSINESS  AND  ENGINEERING 


THE  perennial  controversy  between  engineering  produc- 
tion and  sales  indicates  something  amiss  in  the  system 
df  education  and  training  that  is  intended  to  turn  out  men 
who  are  able  to  pull  together  and  see  each  other's  view- 
point. Members  who  are  specially  concerned  with  this 
phase  of  business  engineering  may  be  interested  in  learning 
that  the  United  States  Commissioner  of  Education  is  calling 
a  second  public  conference  on  commercial  engineering  on 
behalf  of  a  committee  on  commercial  engineering  appointed 
by  him  to  investigate  business  training  of  engineers  and  en- 
gineering training  for  students  of  business. 

The  conference  will  be  held  May  1  and  2  at  the  Carnegie 
Institute    of    Technology    in    Pittsburgh.      President    Arthur 


Hamerschlag  of  that  institution  is  a  member  of  the  com- 
mittee, which  is  composed  of  deans  of  prominent  schools  of 
engineering  and  commerce  in  our  larger  universities,  and 
of  engineers  and  business  men  who  are  nationally  known  for 
their  interest  .in  the  reduction  of  the  costs  of  production, 
distribution  and  transportation,  through  better  training  in 
schools  and  colleges  of  the  personnel  of  industry  and  com- 
merce. The  conference  will  be  open  to  the  public.  Invita- 
tions to  appoint  delegates  to  the  Pittsburgh  conference  will 
be  sent,  however,  by  the  Commissioner  of  Education  to  com- 
mercial and  trade  organizations,  engineering  and  scientific 
societies,  educational  institutions  and  other  groups,  as  well 
as  to  prominent  individuals. 
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■;ak  Victor  H.  (A)  designing  and  experimental  engineer,  Edmunds 
a    Jones  Corporation.    4440  Lawton    Avenue,    Detroit. 

German.  John  Wesley  (A)  assisiant  treasurer.  Detroit  Cadillac 
Motor  Car  Corporation,   1881  Broadway,  New  York  City. 

hoe,   Claude    (M)    engineer,   motor   bearings  division.    Hyatt 
Roller   Bearing   Co.,    Detroit,    (mail)    209    Philip  Avenue. 

Gruknbero.  Walter  H.  (E  S)  student.  Ti-i-State  College.  Angola, 
Ind.,  (mail)    509  West  Maumee  Street. 

s     W.    S.     i  A  i    experimental    engineer.    Mercer    Motors    Co.. 
Whitehead's  Road,    Trenton,  .V.  J. 

Hammbrl,  Jacob  (M)  body  engineer.  Packard  Motor  Car  Co., 
Detroit,    (mall)    "40.",    Hanover  Avenue. 

Harry,  Gordon  W.  (E  S)  student.  University  of  Michigan.  Ann 
Arbor,  Mich.,  (mail)    K'7   Bast    University  Avenue. 


\\ .    (A)    division    •  i 'odge    Bros.,    Detroit, 

(mail  i   29  infleld  Avenue 

>:r.    Jesse    I       (M)       in,-      I tor,     Delco-Llght    Co.,    Dayton. 

(mail)    R    k    D.  No.  7. 

H     .,.!.    .    B,    Mi.uiiii     ..Mi      in.  i    engineer.    Snead   &    Co.,   Jersey 

N     .1      i li    27    w  Square.   North.   New   York 

City. 

Jos-es.   Li..-  indent    Columbia   University.   New  York 

City,    (mail)    851    President    Street,   Brooklyn,  .X.    Y. 

KiMiiEi.L,   Artiu  i:   \V     (A  rj    and   general   manager.   Cinch 

•  nor  Corporation     29        West  Van  Buren  Street,  Chicago. 

J.  J,    (A]  i    manager.   City    Machine   &   Tool   Works. 

Diiyion.  Ohio,    (mail)    1030   Arbor  Avenue. 

iiac.    J.    C.     (A)     general    mechanical    superintendent.    Detroit 
Cadillac    Motor    Car   Corporation,    New    York    City,    (mall)    810 

Ely  Avenue.   ;  i„io  Island  City.  A      1 

I, k  Witt,  Dudley  W.  (J)  purchasing  agent.  Commodore  Motors 
Corporation.   New  York  City,   (mall)    861   Hornaday  Place. 

LlLLIBRIDGE.  II  W.  (J)  engineering  department.  Atwater  Kent  Mfg. 
Co.,  Philadelphia,   (mail)    4820  Greene  Street. 

Lindstrom.  Carl  T.  (E  S)  senior  student  in  mechanical  engineer- 
ing.  Rensselaer  Polytechnic  Institute.    Troy,  N.   Y. 

Marshall,  William  J.   (A)   765  Lincoln  Place,  Brooklyn.  N.  Y. 

Nakada.  Kyoichi  (F  M)  assistant  chief  designer.  Azomuna-Kibi- 
gori,   Okoyamaken,  Japan. 

nor.   Thomas  A.    (A)    service  manager.  Western   Motors   Co.. 
Los  Angeles.  Cal,  (mail)   1029  South  Hope  Street 

ce  W.  (A)  instructor  in  technical  and  practical 
automobile  repairs.  Main  Avenue  High  School,  Son  Antonio, 
Tex.,   (mail)    324  Maverick  Street. 

Reutf.r,  Irving  J.  (M)  general  manager.  Remy  electric  division. 
General   Motors  Corporation,  Anderson,  Ind. 

Rich.  Ralph  E.  (A)  presidem  and  chemical  engineer.  Amalga- 
mated Metals  Co.,  Chicago,  (mail)   673  Sheridan  Road. 

Rikger.  Earl  Charles  (E  S)  student.  Armour  Institute  of  Tech- 
nology,  Chicago,   (mail)    2620   North  Lawndale  Avenue. 

SBMINi  I       (E    S)    student.    Leland    Stanford    University, 

Stanford    University,    Cal,    (mail)    R.    F.    D.    No.    2,    Box    ill. 
Mountain    View.  Cal. 

Tiffany.  Halsted  R.  (E  S)  student,  Rensselaer  Polytechnic  Insti- 
tute.  Troy.  S.   Y.,   (mail)    57   Second  Street. 

Winquist,  George  Walter  (E  S)  student.  Rensselaer  Polytechnic 
Institute.  Troy,  N.  Y.,  (mail)   128  12th  Street. 

Worley,  Lee  (A)  chief  draftsman  on  drawings  for  the  Barling 
bombing  plane,  Witteman  Aircraft  Corporation,  Hasbrouck 
Heights.  N.  J.,    (mail)    13   Myrtle  Avenue,  Newark,  N.  J. 

Wright,  Benjamin  F.  (J)  chief  draftsman.  Wright-Fisher  Engi- 
neering Co.,   Detroit,   (mail)    20  Elmhurst  Avenue. 

YamaGATA,  J.  (F  Ml  gasoline  engine  designer,  Tokyo  Gas  &  Elec- 
tric Co.,  Tokyo.  Japan,  (mail)  No.  77  one  chome  Nihonenoki 
machi. 

James  C.    (B  S)   student.  University  of  Michigan.  Ann  Arbor, 
.  imail)   1824  Geddes  Avenue. 
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Applicants 

for 

Membership 


The  applications  for  membership  received  between  Feb, 
25  and  March  15,  1922,  art.'  given  below.  The  members  of 
the  Society  are  urged  to  send  any  pertinent  information 
with  regard  to  those  listed  which  the  Council  should  have 
for  consideration  prior  to  their  election.  It  is  requested 
that  such  communications  from  members  be  sent  promptly. 


Alyit.    Edmond   Jones,    student      Rensselaer    Polytechnic    Institute, 

N  r. 

Anderson,    Xels    G.,    chief    engineer.    International    Harvester    Co.. 
Chicago. 

Bacon.    Elbkidge    F.,    student.    University    of   Michigan.    Ann 
Mich. 

Brooks.  Donald  B.,  student,  Ohio  State  University,  Columbus.  <: 

Brown.  Ronald  J.,  assistant  secretary.  Tracking  Trailer  Co.,   ' 
land. 

Chaffee.   Flotd   O..  otive    engineer,   Los   Angeles   Automotive 

Works.  Los  Angeles,  Cal. 

Clements,   Menefee  R..  secretary,  treasurer  and   general   mai 
Clements-Steele  Tobacco  Co.,  <>■•■  nsboro,  Ky. 

Daniel,  E.   H..  president  and  general  manager.  London  M  I 

Co.,   Springfield,  Ohio. 

DeFrance.   Smith   J.,  student,  University   of  Michigan.   .1 
Mich. 

Doran.    Felix.    Jr..    special    representative.    Chevrolet     Motor    Co.. 
Kansas  City.  Mo. 

Fap.ris,   Martin   W.,   foreman   mechanic.   Studebaker   Corporation   of 
America,   Brooklyn,  X    Y. 

Fui  Kau,  Philip,  student,  Pratt   Institute.  Brooklyn,  X.  Y. 

Gatoff,  John  Henry,  body  engineer.  Continental  Body  Corporation. 
Hempsti  ad,  X.  Y. 


Goerk,   Edward  G-,   United   l'.M.C.A.   Schools,   347   Madison  Avenue, 
ATe«;   For*  (  il 

Graham.   Wellington    R.,   chief   engineer.    Kelland   Motor   Car  Co., 
Newark,  X.  J. 

Grundmann,    William    R.,    service    manager,    Walter    S.    Halliwell, 

Inc..    East    Hartford.   Conn. 

Haberkost,   Xoel  F.   C.  student.  Ohio  State  University,   Columbus, 
Ohio. 

Headley.  Lewis  M..  student,  Ohio  State  University.  Columbus,  ■ 

Heckman,  William,  secretary.  Heckman  Signal  Co..  St.    La 

Keller.    K.    T..    manager    of    manufacturing.    Chevrolet    Motor    I  o 
1       oit. 

K        hoven,  Frederick,  consulting  engineer,   Spykef  Works  Amstel- 
dyk,    i  Solland. 

Leighton,  Harry  R..  assistant  genera!  managrer,  Interstate  Foundry 
Co..  Chit  ago. 

Lvnah.  James,  vice-president,  Barnard-Lynah,  Inc..  -V.  to  York  City. 

Mapel.    Lewis    A.,    vice-president    and    general    manager.    Automatic 
Appliance  '  v..   St.   Louts. 

Meddaugh,   Ray   G-,    technical   department,   service   division.    I1 
Bros  ,    / '  i 

Morris,  Edward  E..  student,  Ohio  State  University,   I  Oftio. 

id,  Frank  G..  aeronautical  designer.  Air  Service.  McCook  Field. 
Dayton,  Ohio. 

Pap.khill.    James,    plant    manager,    Armstrong    Spring    Co.,    Flint. 
Mich. 

Pickard.  Alfred  E..  assistant  manager,  1..  Lawrence  &  Co.,  Detroit. 

Reynolds,  M.  S..  instructor.  Manual  Arts  High  School.  Los  Angeles, 
Cal. 

Rick,   Edward  L..  engineer.  H.  S.  Honigsberg  &  Co.,  Pefct'i 

Stai.ey,  Allen  C.  associate  professor  of  sis  and  automotive  engi- 
neering, Purdue  University,  /  Ind. 

kfaden,    Al.    I.,    draftsman.    432    Clarendon    Street.    Newark, 
Ohio. 

Taeer.   Melbert  W..   special   representative,   Motor   Wheel   Corpora- 
tion, Lansing,  Mich. 

Tawes.  Jacob  C.   instrui  I  ir,    Motoi    Transport   School,   Camp  Hola- 
bird,  Mil. 

Whitehead,    C.    I.,   managing  director.   Automobile   Electric   Supply 
Co  Union  of  South  Africa. 

Wolcott.  R.  G,  vice-president,  Victor  Bearings  Co..  Indianapolis. 
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May  Council  Meeting 

THK  next  meeting  of  the  Council  of  the  Society  will 
be  held  in  Indianapolis  on  Monday,  May  8.  A 
meeting  of  the  Indiana  Section  is  scheduled  for 
the  evening  of  the  same  day.  The  Council  did  not  meet 
during  April. 

1922  Roster 

THE  1922  edition  of  the  Roster  of  the  Society,  con- 
taining alphabetical  lists  of  the  members  and  of 
the  companies  with  which  they  are  associated,  as 
well  as  a  section  arranged  according  to  the  residence  of 
the  members,  will  be  ready  for  delivery  within  a  few 
weeks.  The  book  will  be  issued  as  of  April  1.  all  of  the 
changes  of  address  having  been  made  therein  that  it  has 
been  possible  for  the  office  of  the  Society  to  secure  before 
that  date.  Copies  of  the  roster  have  been  ordered  by 
about  2500  members  of  the  Society. 

Alcohol  for  Motor  Fuel 

THIS  month  the  suggestion  of  the  Research  Depart- 
ment of  the  Society  for  study  by  the  members  is 
alcohol  for  motor  fuel.  On  page  364  of  this  issue 
of  The  Journal  a  statement  of  the  necessity  for  meet- 
ing the  necessary  conditions  of  the  utilization  of  alcohol 
in  automotive  products  exported  from  this  Country,  and 
a  very  suggestive  if  not  entirely  complete  outline  of  the 
points  of  engine  design  and  fuel  characteristics  involved, 
are  given.  The  importance  of  the  subject  in  foreign 
trade  was  brought  up  at  the  conference  convened  by 
Secretary  Hoover  at  the  Department  of  Commerce  last 
month. 

Ricardo  Paper 

MANY  members  will  want  to  read  carefully  the 
paper  by  Harry  R.  Ricardo,  presented  at  the 
January  meeting  of  the  Society.  This  appears 
on  page  305,  together  with  the  discussion  thereon.  The 
paper  has  been  revised  by  Mr.  Ricardo  since  it  was  pre- 
printed, and  is,  of  course,  very  valuable  for  study  by  all 
interested  in  features  of  automotive-engine  design  and 
the  utilization  of  currently  available  fuels  therefor.  The 
Council  of  the  Society,  on  behalf  of  the  members,  has 
transmitted    to    Mr.    Ricardo   its   sincere   thanks    in   en- 


grossed form  for  his  highly  noteworthy  contribution  to 
our  records. 

Summer  Meeting 

FACTS  that  the  members  should  know  about  the 
meeting  of  the  Society  to  be  held  at  White  Sulphur 
Springs  next  month  are  given  on  page  345. 
Six  technical  sessions  have  been  arranged  and  the 
Meetings  Committee  has  arranged  for  16  papers  to  be 
presented  at  them.  Reduced  transportation  rates  have 
been  secured  from  all  points  to  White  Sulphur  Springs. 
A  well  organized  Sports  Committee  is  planning  a  very 
attractive  program  and  the  Entertainment  Committee  is 
arranging  many  events  that  will  appeal  to  the  ladies,  as 
well  as  the  men.  At  this  moment  421  reservations  have 
been  received  and  the  choicest  accommodations  are  being 
taken  fast. 

Standards  Work 

A  COMPREHENSIVE  account  of  the  current  stand- 
ardization work  of  the  Society  is  given  on  page 
433  of  this  issue  of  The  Journal.  Brief  state- 
ments are  made  with  regard  to  the  Division  meetings  that 
were  held  last  month,  and  a  tentative  schedule  of  Maj 
meetings  is  given.  A  number  of  important  subjects,  in- 
cluding automobile  wiring;  ball  studs;  clutch  elements; 
cotter-pins;  battery  trays  and  terminals,  charging  plugs 
and  receptacles  and  incandescent  lamps  for  electric  vehi- 
cles; emergency  rim-clamps ;  felt  specifications;  front-axle 
hulis;  gasoline-tank  openings;  generator  and  starting- 
motor  flange  mountings;  ignition  distributor  mountings; 
involute  splines;  magneto  mountings;  motorboat  ele- 
ments; pipe  fittings;  plate  glass;  roller  chains;  and  leaf 
spring  elements,  are  treated,  and  members  interested  in 
any  of  these  matters  should  read  the  article  carefully. 

Part  II,  1920  Transactions 

IT  is  expected  that  Part  II  of  Vol.  15  of  the  Trans- 
actions, containing  about  800  pages,  will  be  ready 
tor  distribution  to  the  members  during  the  latter 
part  of  this  month.  It  will  be  recalled  that  this  volume 
will  be  furnished  to  only  those  members  who  have  sent 
a  written  order  for  it  to  the  office  of  the  Society,  order 
blanks  for  the  purpose  having  been  published  and  sent 
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to  the  members  repeatedly.  Less  than  one-third  of  the 
members  of  the  Society  have  signified  their  desire  that 
this  part  of  the  Transactions  be  sent  to  them.  It  in- 
cludes, in  addition  to  miscellaneous  reports,  the  papers 
and  discussions  presented  at  the  1920  Ottawa  Beach 
Meeting  of  the  Society  and  at  various  Sections  Meetings, 
that  are  considered  of  sufficient  engineering  and  refer- 
ence value  to  be  recorded  in  the  Transactions,  as  well  as 
published  in  The  Journal. 

Employment  Service 

THE  Employment  Service  conducted  by  the  Society 
has,  it  is  believed,  been  much  improved  recently. 
The  attempt  is  being  made  to  keep  in  as  close 
touch  as  possible  with  companies  needing  men  and  with 
men  seeking  positions.  An  added  feature  of  the  service 
is  a  Semi-Weekly  Bulletin  mailed  to  both  companies  and 
men.  Employing  companies  have  shown  a  marked  inter- 
est in  this  frequent  bulletin  service  and  are  selecting 
many  Society  members  for  positions  they  have  available. 
The  companies  are  not  willing  in  all  cases  to  make  public 
announcement  of  openings  with  them.  It  is  therefore 
advisable  that  all  members  desiring  positions  should  send 
to  the  office  of  the  Society  full  information  as  to  their 
desires  and  qualifications,  in  the  manner  set  forth  in  the 
notes  appearing  at  the  top  of  the  S.  A.  E.  Employment 
Service  column  in  The  Journal. 

Membership  Increase 

DURING  the  first  four  months  of  1921,  324  appli- 
cations for  membership  in  the  Society  were  re- 
ceived. This  year,  up  to  April  24,  238  applica- 
tions were  received.  The  Membership  Committee,  under 
the  chairmanship  of  Lon  R.  Smith,  is  proceeding  actively 
with  the  purpose  of  adding  to  the  membership  in  a  sound 
way  that  will  be  helpful  to  the  industry  and  the  public, 
as  well  as  the  members  themselves.  Many  prominent 
executives  in  the  automotive  industries  who  have  not 
taken  an  active  part  in  the  Society's  work  heretofore  are 
showing  a  decided  interest  in  its  affairs.  In  addition  to 
corresponding  with  a  large  number  of  executives,  the 
Membership  Committee  is  in  communication  with  sev- 
eral hundred  men  whose  names  have  been  submitted  by 
members  of  the  Society  on  the  basis  that  it  is  desirable 
that  they  be  enrolled  for  the  general  good. 

Highway  Research 

SEVERAL  phases  of  the  highway  problem  merit  dis- 
cussion by  the  recently  established  Highways  Com- 
mittee of  the  Society,  of  which  the  following  are 
members : 

H.    W.     Alden,    chairman 
.     W.  A.  Brush 
G.  A.   Green 

W.  E.  Lay 
F.  A.  Whitten 

The  Advisory  Board  on  Highway  Research  of  the  Na- 
tional Research  Council  has  been  active  for  some  time, 
the  object  of  the  board  being  to  center  the  research 
facilities  of  all  transport  interests  on  a  systematic  re- 
search program.  Much  success  has  been  attained  in  this 
connection,  the  organizations  represented  on  the  board 
including  all  those  directly  concerned  in  highway  re- 
search. 

There  are  many  highway  problems  in  which  the  auto- 
motive industry  has  a  vital  interest,  and  some  of  these 
cannot  be  handled  adequately  without  the  active  assist- 
ance of  automotive  engineers.  The  effect  of  vehicles  on 
the  road  is  being  investigated  by  the  Bureau  of  Public 


Roads  and  other  organizations.  The  factors  in  vehicle 
design,  such  as  weight  distribution,  springing  and  tire 
equipment,  are  to  be  studied  with  the  cooperative  assist- 
ance of  automotive  engineers.  Important  items  are  fuel- 
consumption,  service  and  depreciation  costs  as  affected 
by  grades  and  road  surfaces.  The  cost  of  vehicle  opera- 
tion, including  fuel,  service  and  upkeep,  is  especially 
important  in  its  relation  to  cost  of  highway  construction 
and  maintenance.  The  National  Research  Council  has 
asked  the  Society  to  undertake  to  develop  means  for  col- 
lecting data  on  the  costs  of  vehicle  operation.  This  infor- 
mation is  necessary  to  establish  correctly  the  economic 
balance  between  truck  and  rail  transportation. 

Papers  at  Society  Meetings 

THE  Publication  Committee  of  the  Society  has  called 
attention  recently  to  certain  matters  that  are  of 
great  importance  to  those  who  participate  in  the 
preparation  of  and  the  scheduling  of  papers  for  presenta- 
tion at  meetings  of  the  Society  and  its  Sections.  The 
particular  point  made  in  this  connection  is  that  it  is  es- 
sential that  qualitative  statements  made  by  authors  be 
supported  by  quantitative  data.  Statements  made  as  to 
the  merit  of  various  devices  or  as  to  the  actuality  of 
alleged  facts  are,  of  course,  inconclusive  unless  they  are 
based  on  authentic  test  results  of  a  sufficiently  compre- 
hensive nature.  It  is  strongly  urged  that  those  con- 
cerned in  the  acceptance  of  papers  at  Sections  Meetings 
have  papers  submitted  for  presentation  read  in  advance 
by  members  competent  to  judge  of  their  merit.  Pro- 
cedure of  this  kind  always  tends  to  bring  the  best  results 
so  far  as  the  time  given  by  members  at  meetings  and  the 
printed  record  of  the  Society  are  concerned. 

Financial  Affairs 

THE  net  assets  of  the  Society  on  March  31  amounted 
to  $124,110.89.  The  corresponding  figure  on 
March  31,  1921,  was  $134,491.61.  The  difference 
between  the  two  figures  is  constituted  of  the  net  loss  in 
the  operations  of  the  Society  during  the  last  12  months. 
The  net  excess  of  expense  over  income  during  the  first 
6  months  of  the  fiscal  year  beginning  Oct.  1  last  was 
$14,459.60. 

The  total  membership  of  the  Society  on  March  31  was 
about  the  same  as  on  the  same  day  of  1921,  those  who 
ceased  to  be  members  through  non-payment  of  dues  and 
resignation  having  offset  the  number  of  those  newly 
enrolled.  During  the  first  half  of  the  current  fiscal  year 
the  income  of  the  Society  was  $13,976.09  less  than  during 
the  first  half  of  the  last  fiscal  year.  Notwithstanding  in- 
creased expense  in  the  Standards,  Research  and  Employ- 
ment Service  Departments,  the  total  expense  of  the  So- 
ciety from  Oct.  1,  1921,  to  March  31,  1922,  was  only  a 
few  hundred  dollars  more  than  that  for  the  corresponding 
period  of  the  last  fiscal  year. 

Fuel-Research  Program 

THE  fuel-research  program,  in  which  the  Society 
has  taken  a  laboring  oar,  is  making  headway, 
considerable  time  having  been  spent  recently  by 
the  Research  Department  and  officers  of  the  Society  on 
various  phases  of  the  whole  question. 

It  is  planned  that  the  main  research  program  shall  be 
undertaken  shortly  at  the  Bureau  of  Standards,  which 
has  outlined  an  investigation  to  estimate  the  effect  of 
changes  in  the  volatility  of  gasoline  on  the  average  fuel- 
consumption  of  the  passenger  cars  now  in  use.    The  Na- 
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Recent  Research  Work  on  the 
Internal-Combustion  Engine 

By  II  \iiuv  H.   Rjcardo1 


Asm   U     Mm  iin..    PaPKH 


Illustrated  with   Charts   \\i>  I' ographs 


T11K    author    describes    the    research    work    on    the 
internal-combustion    engine    done    recently    in    his 
laboratory    in   England,    and    presents    his    deductions 

therefrom,  based  upon  an  analysis  of  the  evidence  he 
has  obtained   to   date. 

Fuels  are  discussed  at  length  under  three  specific 
headings,  many  tabular  data  being  included  and  com- 
mented upon,  and  the  calculation  of  thermal  efficiency 
described.  Mean  volatility  and  detonation  are  discussed 
and  the  author's  present  views  regarding  turbulence 
are  stated,  this  being  followed  by  a  brief  summary  of 
the  conclusions  reached  by  Mr.  Tizard,  a  colleague  of 
the  author,  following  recent  investigations. 

The  influence  of  the  nature  of  the  fuel  upon  de- 
tonation is  presented,  a  lengthy  discussion  of  the  sub- 
ject of  stratification  being  given  under  three  specific 
divisions,  inclusive  of  comment  upon  the  benefits  de- 
rived from  using  weak  fuel-mixtures.  The  paper  it- 
self is  concluded  with  a  discussion  of  turbulence  with 
reference  to  combustion-chamber  design,  many  charts 
and    photographs   having   been    included   throughout. 

The  paper  is  supplemented  by  nine  appendices,  which 
include  discussions  of  mechanical  efficiency,  under 
three  specific  headings;  piston  experiments,  inclusive 
of  four  specified  deductions;  air  measurement,  with  a 
description  of  equipment  and  methods;  the  total  in- 
ternal energy  of  the  working  fluid  over  a  wide  range 
of  temperature;  the  influence  of  compression-ratio 
upon  power  output  and  efficiency;  the  influence  of 
cylinder  size  on  performance;  the  influence  of  cylinder 
temperature  on  power  output;  the  distribution  of  heat 
in  a  high-speed  internal-combustion  engine;  and  the 
efficiency  of  a  single-cylinder  engine  under  reduced 
loads.  This  supplementary  information  is  copiously 
illustrated. 

I  HAVE  read  with  very  great  interest  the  many  excel- 
lent papers  which  have  been  presented  to  this  Society 
during  the  last  12  months,  and  I  am  deeply  impressed 
by  the  immense  amount  of  painstaking  and  careful  re- 
search that  has  been  carried  out  in  America  during  this 
period.  Although  the  experience  of  the  war  brought 
into  prominence  the  great  importance  of  scientific  re- 
search and  gave  birth  to  many  schemes  and  resolutions 
to  encourage  and  stimulate  it,  yet  the  spirit  of  retrench- 
ment and  economy  which  has  pervaded  all  Europe  for  the 
last  18  months  has  had  its  inevitable  effect  and  caused 
the  abandonment,  or  at  least  the  postponement,  of  many 
excellent  plans.  The  writer  has  been  singularly  fortunate 
in  that,  thanks  to  the  encouragement  and  support  of  some 
of  the  large  private  British  engineering  and  petroleum 
interests,  he  has  been  able  to  carry-on  with  research  work 
through  this  difficult  period  and,  thanks  also  to  their  gen- 
erous and  broad-minded  attitude,  he  is  permitted  to  pub- 
lish the  results  obtained. 

Last  year.  Sir  Dugald  Clerk  presented  to  this  Society 
a  paper  that  I  have  read  with  particular  interest.  In  it 
he  has  set  forth  a  general  summary  of  the  very  valuable 
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work  he  has  done.  Iii  England,  if  not  throughout  the 
world.  Sir  Dugald  Clerk  is  very  properly  regarded  as  the 
father  of  the  internal-combustion  engine,  and  I  would 
like  to  emphasize  at  the  outset  that  I  claim  to  be  no  more 
than  a  devoted  disciple  of  Sir  Dugald  Clerk,  and  to  have 
done  no  more  than  to  proceed  along  the  lines  of  research 
which  he  has  initiated.  I  also  owe  a  great  debt  of  grati- 
tude to  the  late  Professor  Hopkinson  both  for  his  teach- 
ing and  for  his  stimulating  and  infectious  enthusiasm. 
To  a  student  of  research  nothing  could  be  more  inspiring 
than  Professor  Hopkinson's  teaching  and  personality,  for 
he  felt  and  could  impart  to  others  the  sheer  joy  of  re- 
search work  for  its  own  sake;  above  all,  he  knew  and 
could  teach  how  to  carry  out  such  work  quickly,  how  to 
separate  the  grain  from  the  chaff  rapidly,  and  how  to 
reconcile  enthusiasm  with  an  open  mind. 

In  the  following  paper  the  writer  proposes  to  deal  with 
the  work  that  has  been  carried  out  recently  at  his  lab- 
oratory, and  with  the  deductions  he  has  drawn  therefrom. 
The  deductions  are  based  upon  analyses  of  the  evidence 
he  has  obtained  to  date;  they  represent,  therefore,  the 
opinions  he  holds  at  the  moment  and,  like  all  such  deduc- 
tions, are  liable  to  be  overthrown  or  superseded  in  the 
light  of  future  work. 

Fuels 

During  the  past  few  years  we  have  been  carrying  out 
a  good  deal  of  research  work  on  the  subject  of  the  in- 
fluence of  different  fuels  on  the  performance  of  an 
internal-combustion  engine.  The  experiments  have  all 
or  nearly  all  been  carried  out  on  single-cylinder  engines, 
into  which  the  problems  of  distribution  do  not  enter. 
Until,  therefore,  we  have  more  data  on  this  very  intricate 
subject,  I  can  deal  only  with  the  conclusions  reached 
insofar  as  they  are  applicable  to  single-cylinder  engines. 
The  three  most  important  factors  appear  to  be  the 

(1)  Tendency  of  a  fuel  to  detonate 

(2)  Latent  heat  of  evaporation  of  the  liquid  fuel 

(3)  Mean  volatility  of  the  fuel 

Broadly  speaking,  it  can  be  said  that  all  volatile  hydro- 
carbon fuels  have  the  same  heat  value  per  cubic  inch  of 
mixture  giving  complete  combustion  and  that,  therefore, 
the  power  obtainable  from  all  is  the  same  within  very 
close  limits  when  used  at  the  same  compression-ratio  and 
at  the  same  volumetric  efficiency.  The  limit  of  compres- 
sion-ratio is  determined  by  the  tendency  of  the  fuel  to 
detonate;  it  is  a  function  both  of  the  chemical  composi- 
tion of  the  fuel  and  of  the  maximum  flame-temperature. 
The  tendency  to  detonate  by  limiting  the  expansion-ratio 
controls  at  once  both  the  power  output  and  the  efficiency. 
The  latent  heat  of  evaporation  controls  the  suction  tem- 
perature, and  hence  the  weight  of  charge  retained  in  the 
cylinder;  for  the  same  compression-ratio,  therefore,  the 
latent  heat  controls  the' power  output  obtainable  from 
any  fuel,  although  the  efficiency  is,  of  course,  unaffected. 
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The  mean  volatility  of  the  fuel  determines  the  use 
which  can  be  made  of  the  latent  heat  of  evaporation,  for 
the  lower  the  volatility  the  more  heat  must  be  added 
externally  to  the  cylinder,  and  the  more  the  weight  of 
charge  will  be  reduced  thereby.  It  does  not  appear  to 
be  realized  generally  how  important  a  part  the  latent 
heat  of  evaporation  of  a  liquid  fuel  plays  in  the  perform- 
ance of  an  internal-combustion  engine.  During  the  suc- 
tion stroke  of  a  four-cyle  engine,  heat  is  added  to  the 
working  fluid  by 

(1)  Preheating  the  carbureter  and  induction  system 

(2)  Contact  with  the  hot  valves  and  cylinder  walls 

(3)  Admixture  with  the  hot  residual  exhaust-products 
in  the  cylinder  clearance-space 

Heat  is  abstracted  only  by  the  latent  heat  of  evapo- 
ration of  the  liquid  fuel. 

For  any  given  aggregate  value  of  (1),  (2)  and  (3), 
it  does  not  matter  whether  the  fuel  is  evaporated  inside 
or  outside  the  cylinder,  so  far  as  power  output  is  con- 
cerned, provided  only  that  the  fuel  is  completely  evapo- 
rated before  the  inlet-valve  closes.  In  the  former  case, 
the  heat  applied  to  the  carbureter  and  induction  system 
will  raise  the  temperature  of  the  air  without  evaporating 
the  fuel;  in  the  latter,  it  will  evaporate  the  fuel  without 
raising  the  temperature  of  the  air.    In  either  case,  how- 
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Fig.  1 — Volumetric-Efficiency  and  Mixture-Strength  Curves  for 
a  Typical  Gasoline  and  Nearly  Pure  Ethyl  Alcohol 

ever,  the  amount  of  heat  absorbed  by  the  evaporation  of 
the  liquid  fuel  will  be  the  same;  and  the  final  suction 
temperature  and  therefore  the  weight  of  charge  retained 
in  the  cylinder  will  also  be  the  same. 

So  far  as  pure  hydrocarbon  fuels  are  concerned,  the 
latent  heat  of  evaporation  is  low  and  does  not  play  a  very 
important  part ;  but,  in  the  case  of  ethyl  alcohol,  and  still 
more  so  in  the  case  of  methyl  alcohol,  the  very  high 
power-output  obtainable  is  due  almost  entirely  to  the 
high  latent  heat  of  the  liquid  which  is  playing  an  even 
more  important  part  than  is  apparent  at  first  sight  from 
a  comparison  of  the  mean  effective  pressure  available, 
because  the  total  internal  energy  of  the  alcohols  is  appre- 
ciably lower  than  in  the  case  of  gasoline,  benzol  and 
other  hydrocarbons. 

The  curves  shown  in  Fig.  1  give  the  measured  volu- 
metric efficiency  at  normal  temperature  and  pressure, 
taken  over  a  wide  range  of  mixture  strength  with  both 
typical  gasoline,  (see  Fig.  1),  and  nearly  pure  ethyl  alco- 
hol, each  at  a  compression-ratio  of  5  to  1.  Table  1  gives 
the  weight  of  charge  per  hour,  the  power  output  per 
pound  of  mixture,  the  indicated  mean  effective  pressure 
as  found  experimentally  and  the  total  available  internal 
energy,  in  the  case  of  three  typical  fuels,  when  each  is 
run  at  the  same  compression-ratio,  with  the  same  amount 
of  preheating  and  at  a  mixture-strength  giving  complete 
combustion.  Column  1  gives  the  observed  weight  of 
charge   entering   the   cylinder   per   hour   at   a   mixture- 


strength  that  permits  complete  combustion.  Column  2 
shows  the  observed  indicated  horse-power  per  pound  of 
mixture  per  hour.  Column  3  states  the  observed  indi- 
cated mean  pressure,  at  correct-mixture  strength,  in 
pounds  per  square  inch.  Column  4  presents  the  calcu- 
lated heat  of  combustion  of  the  fuel  in  terms  of  foot- 
pounds per  cubic  inch  at  normal  temperature  and  pres- 
sure. The  engine  speed  is  1500  r.p.m.  and  the  heat  input 
is  0.0433  B.t.u.  per  revolution  in  all  cases. 

TABLE  1 — IDENTICAL  TESTS  WITH  THREE  DIFFERENT  FUELS 

Weight  of  Power  Indicated  Heat 
Charge  per  per  Pound  Mean  of  Corn- 
Cylinder  of  Mix-  Pressure,  bustion, 
per  tare  per  lb.  per  ft-ib. 
Kind  of  Fuel          Hour,  lb.  Hour,  i.hp.  sq.  in.  per  cu.  in. 

Gasoline    209  0.153  132  4S.2 

Benzene     212  0.151  132  47.6 

99-Per    Cent    Ethyl 

Alcohol    221  0.149  138  47.4 

It  will  be  seen  from  Table  1  that,  although  the  power 
output  on  ethyl  alcohol  is  greater  than  on  gasoline  or  on 
benzene,  the  power  output  per  pound  of  charge  is  actually 
somewhat  lower.  I  have  labored  this  question  of  the  in- 
fluence of  the  latent  heat  of  the  fuel  upon  the  power  out- 
put obtainable  because  I  think  it  is  a  very  important  one 
in  view  of  the  possible  use  in  the  near  future  of  certain 
members  of  the  alcohol  group.  It  does  not  appear  to 
have  been  appreciated,  nor  does  the  influence  of  preheat- 
ing appear  to  be  fully  realized.  Many  designers  rely  too 
much  on  the  temperature  recorded  in  the  induction- 
manifold  and  appear  to  be  under  the  impression  that, 
so  long  as  the  gases  are  reasonably  cool,  the  power 
output  of  an  engine  is  not  being  penalized;  but  there 
can  be  no  greater  fallacy.  Table  2  gives  the  indicated 
mean  effective  pressure  obtained  at  1500  r.p.m.  from 
the  same  group  of  fuels,  with  a  compression-ratio  of  5 
to  1,  a  correct  mixture-strength  and  an  engine-room 
temperature  of  15  deg.  cent.  (59  deg.  fahr.).  Column 
1  is  at  a  constant  heat-input  of  0.0433  B.t.u.  per  revolu- 
tion; Column  2,  when  preheated  to  give  a  temperature  in 
the  induction  pipe  of  25  deg.  cent.  (77  deg.  fahr.)  ;  and 
Columnx3,  the  temperature  in  the  induction  pipe  with 
each  fuel  and  with  a  constant  heat-input  of  0.0433  B.t.u. 
per  r.p.m.  The  difference  between  Columns  1  and  2, 
in  the  case  of  alcohol,  is  sufficiently  striking  to  need  no 
comment  for  it  will  be  seen  that  the  effect  of  raising  the 
temperature  from  62  to  77  deg.  fahr.  results  in  the  case 
of  alcohol  in  a  drop  in  the  mean  pressure  developed  of 
not  less  than  19  lb.  per  sq.  in. 

TABLE     2 — INDICATED     MEAN     EFFECTIVE     PRESSURE     AND 
TEMPERATURE  OF  INLET  GASES 


Indicated  Mean 
Effective  Pressure 


1  2 

Hi.  per  lb.  per 

sq.  in.  sq.  in. 

13''  133 

Benzene     132  128 

99-Per  Cent  Ethyl  Alcohol      138  119 


-Temperature — ^ 
3 


Kind  of  Fuel 
Gasoline 


deg. 
cent. 
26.0 
7.7 
16.5 


deg. 
fahr. 
78.80 
45.86 
61.70 


Since  the  internal  energy,  and  therefore  the  flame  tem- 
perature, are  substantially  the  same  for  all  fuels  at  the 
same  mixture-strength,  it  follows  that  the  thermal  effi- 
ciency will  be  the  same.  The  available  range  of  mixture- 
strength  on  the  weak  side  is  also  substantially  the  same 
for  all  the  available  volatile  liquid  fuels ;  so,  in  effect,  we 
can  say  that  the  thermal  efficiency  is  the  same  in  ali 
cases,  with  the  exception  of  the  members  of  the  alcohol 
group.  These,  owing  to  their  lower  heat  value  per  gram 
molecule  and  higher  latent  heat,  yield  a  somewhat  higher 
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because  both  the  compression  temperature  and 
the  rise  of  temperature  after  compression  are  consider- 
ably lower;  hence,  the  direct  heat  losses  and  those  due  to 
changi  of  specific  heat  are  reduced. 

Before  proceeding  further,  1  will  add  a  few  words  as 
e  method  of  calculating  thermal  efficiency.  It  is  gen- 
erally agreed  by  engineers  and  scientists  that  the  useful 
calorific  value  of  a  fuel  is  its  total  heat-value  less  the 
latent  neat  of  evaporation  of  the  water  formed.  It  is 
customary,  therefore,  to  reckon  the  efficiency  on  the  basis 
of  this  lower  calorific  value,  and  il  is  legitimate  to  d< 
because  the  temperature  cannot  be  extended  sufficiently 
in  an  ordinary  cycle  to  make  any  use  of  the  heat  of  con- 
densation of  steam. 

In  determining  the  heat-value  of  any  liquid  fuel  in  a 
bomb  or  other  calorimeter,  some  of  the  heat  of  combus- 
tion is  devoted  to  overcoming  the  latent  heat  of  the  liquid 
and  is  therefore  not  recorded.  In  an  engine  working  on 
the  explosion  cycle,  the  entire  amount  of  the  heat  re- 
quired to  evaporate  the  liquid  is  supplied  either  by  the 
exhaust  or  by  some  other  source  of  waste  heat;  in  any 
event,  it  is  supplied  externally  to  the  heat  cycle  and  the 
actual  heat  of  combustion  available  is  greater  than  that 
found  by  the  ordinary  methods  to  the  extent  of  the  latent 
heat  of  evaporation  of  the  liquid.     I  contend,  therefore, 
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Fia.  2 — Indicated  Thermal  Efficienci   ior  Various  Compression- 
Ratios 

mixture  strength  20-per  cent  weak,   it   is  as  given   by 
the  equation  E  =  1  —  (Vr)"". 

Fig.  2  and  Table  3  give  Tizard  and  Pye's  ideal  thermal 
efficiencies  for  a  range  of  compression  from  4  to  1  up  to 


TABLE  3 — TIZARD  AND  PYE'S 

IDEAL  THERMAL  EFFICIENCIES 

Ratio 

i  Observed  to 

Ratio   of   Tizard 

Tiz.'i 

Tizard  and 

Observed 

Tizard  and 

Ratio 

and    Pye's   Ideal 

.oression- 

lyde 

Pj  r's 

Pye 

Kigure  for 

Pye's 

Observed 

20-Per  I  lent 

Ratio 

Efflc 

<  torrect 

Mixtures, 

Benzene, 

20-Per  Cent 

to  Air-Cycle 

Weak  Mixture 

Mixture 

20-Per  Cent 

15-Per  Cent 

Weak 

Efficiency, 

to  Air-Cycle 

weaK 

Weak 

Mixture, 

per  cent 

per  cent 

Efllciency, 
per  cent 

4     to  1 

42.5 

30.0 

33.6 

27.7 

82.5 

65.3 

79.2 

i  G  to  l 

a.-: 

32.2 

3T..9 

30.0 

83.5 

66.3 

79.5 

5.0  to  1 

17  5 

34  0 

37.8 

32.0 

84.6 

67.2 

79.8 

5.6 'ol 

49.4 

35.6 

39.6 

33.7 

85.0 

68.1 

80.1 

6.0  to  1 

51.2 

37  'i 

11  1 

35.0 

85.3 

68.5 

mi  :: 

tol 

52.7 

38.3 

12.4 

36.2 

85.4 

68.9 

80.5 

7.0  to  1 

54  0 

39.5 

43.7 

37.3 

85.4 

69.0 

SO. 7 

7.5  tol 

40.6 

ii  9 

38.3 

85.2 

69.1 

M   II 

8  0  lo  l 

41.6 

46.0 

81.4 

that  if  it  is  legitimate  to  deduct  the  latent  heat  of  evapo- 
ration of  the  water  formed  because  it  cannot  be  used,  in 
common  fairness  the  latent  heat  of  the  fuel  should  be 
added  to  the  calorimeter  determination  because  its  equiv- 
alent value  in  the  heat  of  combustion  can  be  and  is  used 
in  the  case  of  explosion,  but  not  of  Diesel,  engines.  If 
this  be  accepted,  and  I  am  afraid  it  must  be,  then  all 
determinations  of  thermal  efficiency  must  be  reduced.  In 
all  the  work  I  have  published  during  the  last  2  years  the 
thermal  efficiency  has  been  calculated  on  this  amended 
basis. 

Some  2  years  ago  Messrs.  Tizard  and  Pye  completed  a 
very  thorough  investigation  into  the  limiting  efficiency 
obtainable  in  a  gasoline  engine,  assuming  no  loss  of  heat 
lie  cylinder  walls  but  taking  fully  into  account  the 
losses  due  to  increase  in  specific  heat  and  to  dissociation. 
They  traced  very  carefully  the  degree  of  dissociation  and 
recombination  throughout  the  entire  combustion  and  ex- 
pansion process,  and  were  thus  able  to  arrive  at  very 
nearly  the  true  ideal  efficiency  for  any  fuel.  Their  find- 
ings, based  upon  the  latest  researches  in  thermo-chemis- 
try,  represent  probably  by  far  the  most  accurate  infor- 
mation available  at  the  present  date.  Briefly  they  show- 
Co)  that  the  efficiency  obtainable  with  any  hydrocarbon 
fuel  is  the  same  when  burnt  at  the  same  compression- 
ratio,  within  extraordinarily  narrow  limits;  (b)  that  the 
ideal  efficiency  for  a  chemically  correct  mixture  is  as 
given  by  the  equation  E  =  1 — C/r)'2";  and  that,  for  a 


8  to  1;  also,  the  air-standard  efficiency  and  the  observed 
efficiency. 

It  will  be  seen  from  Table  3  that  both  the  theoretical 
and  the  observed  efficiencies  rise  with  an  increase  of 
compression  at  a  greater  rate  than  the  air-standard,  as 
the  latter  is  increased  and  the  terminal  temperature  re- 
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duced,  due  to  further  recombination  during  expansion. 
Tizard  and  Pye's  deductions,  as  calculated  for  heptane, 
benzene  and  alcohol,  cover  in  effect  a  wide  range  of  fuels, 
and  the  whole  available  range  of  mixture-strength  for 
each.  For  the  weakest  possible  mixture  consistent  with 
complete  combustion,  they  have  assumed  a  20-per  cent 
excess  of  air.  We  have  been  unable  to  obtain  sufficiently 
rapid  or  complete  combustion  with  so  weak  a  mixture 
as  this  and,  in  practice,  we  found  that  the  highest 
thermal  efficiency  is  always  obtained  with  a  15-per  cent 
excess  of  air  in  the  case  of  all  the  fuels  we  have  exam- 
ined, except  ether  and  hydrogen. 

Fig.  3  shows  the  observed  variation  in  both  mean  ef- 
fective pressure  and  thermal  efficiency  over  a  wide  range 
of  mixture-strength  for  the  same  three  fuels.  It  will  be 
seen  that  in  each  case  the  maximum  thermal  efficiency  is 
obtained  with  a  mixture-strength  about  15-per  cent  weak. 
It  will  be  observed  also  that,  after  reaching  about  a  15-per 
cent  weak  mixture,  the  efficiency  falls  away  due  to  slow 
and  incomplete  combustion.  Even  with  a  15-per  cent  ex- 
cess of  air,  it  was  found  necessary  to  advance  the  igni- 
tion some  15  deg.  earlier,  that  is,  from  32  to  47  deg., 
than  that  required  for  a  mixture  giving  complete  com- 
bustion. In  all  these  experiments  the  fuel  and  air  con- 
sumption per  cycle  were  recorded  automatically  and 
simultaneously,  the  latter  was  accomplished  by  the  air- 
measuring  device  shown  in  Figs.  4  and  5.  This  appa- 
ratus is  described  in  Appendix  3. 

Mean  Volatility 

While  it  would  appear  that  the  vapor  pressure  deter- 
mines the  readiness  or  tardiness  of  a  fuel  to  start  from  a 
cold  condition,  it  is  the  mean  volatility  which  decides  the 
amount  of  preheating  required.  When  considering  vari- 
ous fuels,  it  is  desirable  to  divide  them  into  two  groups; 
those  which  are  homogeneous,  such  as  benzol  or  alcohol, 
and  those  which  are  heterogeneous,  such  as  gasoline  or 
kerosene.  With  the  homogeneous  fuels,  comparatively 
little  preheating  is  required  because,  although  their  va- 
por tension  and  latent  heats  may  be  high,  their  final  boil- 
ing-point is  low;  and,  since  the  object  of  preheating  is 
primarily  to  prevent  precipitation  of  the  liquid  on  the 
walls  of  the  induction  system,  it  is  necessary  only  to 
raise  the  temperature  of  these  walls  to  above  the  boiling- 
point  of  the  fuel.  When  the  boiling-point  is  low,  it  is 
possible  to  raise  the  whole  surface-temperature  of  the 
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walls  to  a  sufficient  degree  without  adding  much  heat  to 
the  mixture  flowing  within. 

In  the  case  of  fuels  having  a  wide  range  of  boiling- 
points,  such  as  gasoline,  and  with  a  final  boiling-point  of 
any  value  up  to  230  deg.  cent.  (446  deg.  fahr.),  it  is  very 
difficult  to  prevent  precipitation  and,  at  the  same  time, 
avoid  imparting  too  much  heat  to  the  mixture,  for,  al- 
though the  mean  volatility  of  high-boiling-point  gasoline 
and  benzol  may  be,  and  actually  is,  nearly  the  same,  the 
temperature  required  to  prevent  precipitation  of  the 
heavier  fractions  is  much  higher  in  the  case  of  gasoline, 
and  for  the  latter  only  high-temperature  heat  is  of  much 
use.  It  would  appear  that  in  the  case  of  high-boiling- 
point  gasolines  it  is  best  to  apply  a  little  high-tempera- 
ture heat  just  at  those  points  where,  owing  to  changes 
in  velocity  or  direction  in  flow,  precipitation  is  most 
liable  to  occur,  while  in  the  case  of  the  homogeneous  fuels 
low-temperature  heat  will  suffice.  There  can  be  no 
greater  mistake  than  to  suppose  that,  because  a  fuel's 
latent  heat  of  evaporation  is  high  and  its  vapor  tension 
relatively  low,  it  requires  excessive  preheating. 

Vapor  tension  governs  ease  of  starting  but,  once 
started,  it  probably  has  very  little  further  influence; 
thorough  pulverization  and  the  avoidance  of  precipitation 
then  become  the  most  important  considerations.  This  is 
particularly  marked  in  the  case  of  alcohol  which,  if  prop- 
erly handled,  requires  very  little  preheating;  but  it  does 
require  the  most  thorough  pulverization. 

Detonation 

The  principal  factor  controlling  both  the  power  output 
and  the  efficiency  of  any  internal-combustion  engine  op- 
erating on  the  explosion  cycle  is  the  tendency  of  the  fuel 
to  detonate.  It  is,  therefore,  not  unnatural  that  so  much 
thought  and  experimental  research  have  been  devoted 
recently  both  in  the  United  States  and  in  England  to  the 
study  of  this  subject.  The  phenomenon  of  detonation  ap- 
pears to  be  the  setting-up  in  the  cylinder  of  either  a  true 
explosion  wave  or  at  any  rate  an  extremely  rapid  rise  of 
pressure.  This  occurs  when  the  rapidity  of  combustion 
of  that  portion  of  the  working  fluid  first  ignited  is  such 
that,  by  its  expansion,  it  compresses  before  it  the  un- 
burnt  portion.  When  the  rate  of  temperature-rise  due  to 
compression  by  the  burning  portion  of  the  charge  ex- 
ceeds the  rate  at  which  it  can  get  rid  of  its  heat  by  con- 
duction, convection  and  the  like  by  a  certain  margin,  the 
remaining  portion  ignites  spontaneously  and  nearly  si- 
multaneously throughout  its  whole  bulk,  thus  producing 
a  sudden  rise  of  pressure  or  an  explosion  wave  which 
actually  springs  the-  walls  of  the  cylinder  and,  reacting 
in  its  turn,  compresses  afresh  the  portion  first  ignited. 
This  raises  the  temperature  of  that  portion  further  and, 
with  it,  the  temperature  of  any  isolated  or  partially  in- 
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to  pre  Urn  it  ion.  Therefore,  it  would  appear  fairly  certain 
that  detonation  depends  primarily  upon  the  rate  of  burn- 
ing of  that  portion  of  the  charge  firs!   ignited,  and  it 

remains  to  discover  what  actually  controls  this  rate. 

I  have  always  maintained  in  previous  publications  thai 
turbulence  has  an  important  influence  upon  the  tendi 
to  detonate.  This  seemed  probable,  and  there  was  much 
circumstantial  evidence  in  favor  of  such  an  assumption. 
From  more  recent  investigations,  my  belief  in  this  has 
been  considerably  shaken.  1  now  feel  bound  to  confess 
that  I  can  find  no  real  evidence  that  turbulence,  while 
Invaluable  for  other  reasons,  intluences  detonation  one 
way  or  the  other.  In  the  case  of  combustion-chambers 
designed  to  give  very  high  turbulence,  1  found  a  marked 
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reduction  in  the  tendency  to  detonate,  but  I  am  satisfied 
now  that  this  was  due  not  to  the  turbulence  but  rather 
to  the  fact  that,  in  each  instance,  the  maximum  distance 
that  the  flame  could  travel  from  the  spark-plug  was 
exceptionally  small.  More  recent  tests  on  two  engines 
with  multiple  valves,  in  which  the  turbulence  could  be 
varied  by  cutting  out  one  or  more  of  the  inlet-valves, 
showed  that  this  made  no  difference  whatever  as  regards 
detonation. 

It  was  always  supposed  until  recently  that  detona- 
tion is  dependent  upon  the  temperature  of  compression; 
this  appeared  plausible  enough  at  first  sight,  but  it  most 
certainly  did  not  fit  in  with  the  observed  facts.  For  ex- 
ample, the  difference  in  compression  temperature  between 
a  compression-ratio  of  4  to  1  and  6  to  1  is  actually  only 
about  40  deg.  cent.  (72  deg.  fahr. ),  and  this  difference 
can  easily  be  more  than  counterbalanced  by  a  change  in 
the  amount  of  preheating  of  the  charge;  but,  we  all  know 
from  experience  that,  while  detonation  on  say  a  reason- 
ably good  gasoline  will  not  occur  with  considerable  pre- 
heating at  a  compression-ratio  of  4  to  1,  it  will  inevitably 
occur  far  below  a  compression-ratio  of  6  to  1  without 
any  preheating  at  all,  and  even  with  stone-cold  cylinder- 
jackets.  The  curve  in  Fig.  6  shows  to  the  nearest  ap- 
proximation the  compression  temperature  for  a  range 
of  compression-ratios  from  4  to  1  to  8  to  1,  assuming 
the  same  amount  of  preheating  and  the  same  latent 
heat  in  every  case,  and  (6)  allowing  for  the  varying 
proportion  and  temperature  of  the  residual  products  at 
each  compression-j-atio. 

Our  experiments  appeared  to  show  pretty  clearly  that 
detonation  has  very  little  connection  with  the  tempera- 
ture of  compression,  but  is  closely  dependent  upon  the 
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compression  pressure.  Therefore,  I  concluded  that  it  is 
the  pressure  rather  than  the  temperature  of  the  working 
fluid  which  controls  the  initial  rate  of  burning,  and  there- 
fore the  tendency  to  detonate.  This  seemed  reasonable. 
It  fitted  in  nicely  with  fhe  facts  of  the  case  and  did  duty 
for  a  while  as  an  explanation  until  the  chemists  objected 
on  the  ground  that  the  rate  at  which  combustion  takes 
place  under  these  conditions  is  generally  influenced  but 
little  by  such  relatively  small  differences  of  pressure. 
It  then  became  necessary  to  cast  about  for  another  ex- 
planation, and  to  find  one  that  would  satisfy  the  chemists 
also. 

For  the  purpose  of  such  an  investigation  we  designed 
and  built  a  machine  for  igniting  fuel-air  mixtures  by 
adiabatic  compression  alone,  and  in  which  either  the 
compression-ratio  or  the  temperature  could  be  varied 
at  will  over  a  wide  range.  A  sectional  drawing  of 
this  machine  is  shown  in  Fig.  7.  In  this  apparatus  the 
piston  is  operated  by  a  toggle  mechanism  in  such  a  man- 
ner that  it  makes  one  rapid  stroke  and  then  remains 
locked  at  the  top  dead-center.  By  varying  either  the 
compression-ratio  or  the  temperature  of  the  charge  with- 
in the  cylinder,  a  condition  could  soon  be  found  under 
which  any  fuel-air  mixture  would  just  self-ignite.  It 
was  found  with  this  machine  that,  for  every  specific  fuel 
and  for  any  mixture-strength  of  that  fuel  with  air,  there 
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was  a  fairly  definite  temperature  at  which  self-ignition 
occurred.  This  self-ignition  took  several  forms;  for  ex- 
ample, at  x  minus  15  deg.  cent.  (27  deg.  fahr.)  the  mix- 
ture would  start  to  burn  immediately  on  the  completion 
of  the  compression,  but  would  burn  so  slowly  that  the 
pressure  would  actually  fall  slightly.  Such  burning 
would  often  continue  for  nearly  1  sec,  the  rate  of  heat 
supply  not  wholly  balancing  the  rate  of  heat  loss.  At, 
say,  x  deg.  the  same  phenomenon  would  be  observed 
at  first,  but  with  the  difference  that  the  pressure  would 
fall  slightly  for  the  first  0.25  sec. ;  it  would  then  rush  up 
almost  instantaneously  to  a  maximum  at  which  combus- 
tion would  be  complete. 

This  is  shown  in  the  typical  diagrams  given  in  Fig.  8. 
If  the  temperature  were  raised  a  further  degree  or  two, 
the  interval  of  slow  burning  at  nearly  constant  pressure 
would  be  reduced  to  perhaps  0.10  sec.  Thus,  between  the 
most  timid  and  hesitating,  and  the  most  prompt  and  de- 
cisive burning,  there  would  be  found  in  each  case  a 
range  of  temperature  of  perhaps  about  30  deg.  cent.  (54 
deg.  fahr.)  ;  but,  since  it  was  possible  to  vary  the  com- 
pression temperature  within  fine  limits,  this  range  could 
be  explored  very  thoroughly.  It  was  most  extraordinarily 
consistent  and,  for  any  given  mixture-strength  or  any 
given  fuel,  one  could  adjust  the  machine  beforehand  with 
the  certainty  that  one  could  obtain  a  0.10,  0.20,  or  even 
a  1.00-sec.  interval  between  the  commencement  of  com- 
bustion and  the  sudden  pressure-rise.  These  first  tests 
were  all  run  with  a  stagnant  charge;  later  a  fan  was 
fitted  inside  the  cylinder  and  driven  at  a  speed  of  about 
2500  r.p.m.  by  a  small  electric  motor.  With  the  fan  re- 
volving, precisely  the  same  phenomena  were  observed, 
but  at  a  slightly  higher  compression  temperature  which 
merely  balanced  the  increased  rate  of  heat  loss;  the  in- 
tervals between  the  commencement  of  burning  and  the 
sudden  pressure-rise,  although  relatively  the  same,  were 
much  smaller  in  all  cases.  In  short,  the  fan  speeded  up 
the  whole  process;  but  it  did  not  alter  perceptibly  its 
character. 

These  investigations  have  been  carried  out  very  re- 
cently at  our  laboratory  by  Tizard.  Since  he  has  not 
yet  had  time  to  prepare  his  work  for  publication,  it  would 
not  be  fair  for  me  to  enlarge  upon  it;  but  he  has  made 
public  some  of  the  conclusions  arrived  at,  and  they  have 
been  so  amply  confirmed,  not  only  by  tests  on  our  own 
research  engines  but  also  by  their  close  agreement  with 
general  experience,  that  there  seems  to  be  little  doubt 
as  to  their  correctness.  Briefly,  Tizard's  conclusions 
are  that,  for  any  given  fuel 

(1)  Detonation  depends  primarily  upon  the  rate  of 
burning  of  that  portion  of  the  charge  first  ignited; 
in  this  he  confirms  the  usually  accepted  theory 

(2)  The  rate  of  burning  increases  very  rapidly  with  a 
slight  increase  of  the  flame-temperature;  and 
whether  it  will  prove  sufficiently  rapid  to  produce 
detonation,  depends  upon  the  ratio  between  the 
rate  of  evolution  of  heat  by  the  burning  portion  of 
the  mixture  and  the  rate  of  heat  loss 

(3)  The  chance  that  the  rate  of  burning  of  any  portion 
of  the  mixture  will  become  so  high  as  to  cause 
detonation  depends  but  little,  so  far  as  the  prac- 
tical engine  conditions  are  concerned,  upon  the' 
temperature  or  pressure  of  compression,  but  rather 
upon  the  maximum  flame-temperature 

(4)  For  any  given  mixture-strength,  the  maximum 
flame-temperature  depends  primarily  upon  the 
proportion  of  diluent  or  exhaust  products  present. 
It  depends  also,  of  course,  upon  the  compression 
temperature;  but  this  varies  comparatively  little 
over  a  wide  range  of  compression-ratio,  while  the 


variation  in  the  proportion  of  residual  exhaust- 
products  over  the  same  range  exerts  a  much 
greater  influence  in  diluting  and  so  lowering  the 
temperature  of  the  flame.  Thus,  a  difference  of 
±  1  per  cent  by  weight  of  exhaust  diluent  will  raise 
or  lower  the  flame-temperature  by  about  25  deg. 
cent.  (45  deg.  fahr.),  which  is  equivalent  to  a  range 
of  compression  from  4  to  1  to  5  to  1 
(5)  If  the  flame-temperature  be  reduced  by  weakening 
the  mixture-strength,  a  very  much  higher  com- 
pression could  be  used  at  once.  In  practice,  with 
the  exception  of  hydrogen,  it  is  not  possible  to 
weaken  the  mixture  so  as  to  effect  any  large 
reduction  in  the  flame-temperature  because,  within 
the  narrow  range  available,  weakening  the  mix- 
ture with  air  results  merely  in  reducing  the  amount 
of  dissociation  without  affecting  appreciably  the 
flame-temperature 

Fig.  9  shows  the  observed  variation  in  compression- 
ratio  permissible  over  a  wide  range  of  mixture  strength. 
In  this  experiment  the  engine  was  run  with  wide-open 
throttle  at  constant  speed  and  constant  temperature,  and 
the  compression-ratio  was  adjusted  at  each  mixture- 
strength  until  detonation  just  became  apparent.  With 
both  hydrogen  as  a  homogeneous  charge  and  with  a  strat- 
ified charge  of  aromatic  free  gasoline,  it  was  found  pos- 
sible to  operate  at  a  compression-ratio  of  about  7  to  1  with 
a  mean  mixture-strength  50  per  cent  weak,  and  without 
the  least  trace  of  detonation.  Fig.  10  shows  a  similar  test 
with  hydrogen,  but  with  the  mixture-strength  much  fur- 
ther reduced,  as  is  possible  only  with  this  fuel.  On  the 
other  hand,  with  hydrogen  the  range  of  burning  on  the 
rich  side  could  not  be  explored  because,  as  soon  as  any 
excess  of  Hydrogen  was  admitted,  backfiring  occurred 
through  the  inlet-valves. 

It  will  be  seen  that  the  new  theory,  although  based  on 
much  sounder  reasoning,  squares  on  the  whole  with  my 
older  theory ;  and  that,  in  the  case  of  a  normal  homogene- 
ous mixture,  the  tendency  to  detonate  depends,  ir.  effect, 
upon  the  compression  pressure,  not,  as  I  supposed, 
because  the  pressure  has  any  marked  influence,  but 
rather  because,  in  any  actual  engine,  the  compression 
pressure  is,  in  itself,  a  measure  of  the  proportion  of  inert 
diluent  present  in  the  cylinder.  It  differs  in  practice  only 
when,  by  the  use  of  hydrogen,  by  stratifying  the  charge 
or  by  the  introduction  of  inert  diluents,  a  weak  mean 
mixture-strength  can  be  used.  Tizard's  theory  has  been 
further  confirmed  by  other  tests  that  we  have  run,  in 
which 

(1)  The  residual  exhaust-products  have  been  cleared 
away  by  scavenging  with  air;  it  was  found  then 
that  detonation  became  severe  at  once,  even  with 
very  low  compression-pressures 

(2)  Additional  exhaust-products  were  added,  by  way 
of  the  carbureter;  the  compression  could  be  raised 
then  to  almost  any  degree,  depending  upon  the 
quantity  admitted 

Fig.  11  shows  the  variation  in  compression-ratio  per- 
missible when,  to  a  gasoline  detonating  normally  at  a 
compression-ratio  of  4.85  to  1,  varying  quantities  of  ad- 
ditional exhaust-products  were  added  and  the  compres- 
sion adjusted  in  each  case  until  detonation  just  became 
apparent.  Other  tests  using  nitrogen,  steam  and  car- 
bon dioxide  have  given  similar  results.  The  effectiveness 
of  such  inert  gases  appears  to  be  closely  proportional  to 
their  specific  heats ;  that  is,  to  their  direct  influence  upon 
the  flame  temperature. 

Broadly  speaking,  it  would  appear  from  our  experi- 
ments that  two  factors  determine  whether  or  not  a  fuel 
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will  detonate.  These  are  (o)  the  self-ignition  tempera- 
ture of  the  fuel-air  mixture  and  |  // 1  the  rate  of  accel- 
eration of  burning  as  the  ignition  temperature  is  ex- 
ceeded. 

Both  the  true  self-ignition  temperature,  if  indeed  such 
a  term  can  lie  used,  and  the  rate  of  acceleration  of  burn- 
ing appear  to  depend  primarily  upon  the  chemical  com- 
position of  the  fuel.  A  "ail  generalization,  our  ex- 
periment.-; confirmed  that,  as  regards  groups,  the  paraf- 
fins are  the  worst  offenders  from  the  viewpoint  of  deto- 
nation, the  naphthenes  are  better,  the  olefins  better  still, 
the  aromatics  next  anil  the  alcohols  the  best  of  all.  This, 
however,  can  be  regarded  only  as  a  very  broad  general- 
ization, because  the  individual  members  of  the  various 
groups  behave  very  inconsistently  among  themselves. 
Thus,  pure  pentane  will  withstand  a  compression-ratio  of 
5.85  to  1  and  is,  in  fact,  comparable  with  a  naphthene. 
Pure  hexane  detonates  at  a  compression-ratio  of  5.1  to  1, 
but  pure  heptane  will  barely  withstand  even  a  3.75  to  1 
ratio,  which  is  the  lowest  compression  we  could  reach. 
The  behavior  of  heptane  is  particularly  striking.  The 
first  samples  used  were  obtained  from  California,  from 
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a  vegetable  source;  and,  although  on  investigation  they 
were  found  to  be  pure  samples  of  normal  heptane  and 
not  isomeric  forms,  we  still  felt  some  doubt.  Later,  and 
with  great  difficulty,  some  small  quantities  of  heptane 
were  isolated  from  aircraft  gasoline.  Later  still,  some 
further  supplies  were  obtained  from  Germany  from  Ga- 
lician  oil.  Both  these  later  samples  gave  exactly  the  same 
results.  It  will  be  seen,  therefore,  that,  while  the  average 
of  these  three  members  of  the  paraffin  series  agrees  rea- 
sonably closely  with  the  results  obtained  from  a  nearly- 
pure  light  paraffin  gasoline,  the  individual  effects  appear 
to  be  widely  different.  This  difference  was  not,  however, 
observed  when  the  same  three  members  of  the  paraffin 
series  were  examined  in  the  compression  apparatus  when 
their  behavior  appeared  normal.  A  similar  inconsistency 
was  observed  in  the  engine  tests  in  the  case  of  the 
aromatic  series  when  toluene  was  found  to  be  markedly 
superior  to  xylene  and  xylene  to  benzene. 

With  regard  to  the  rate  of  acceleration  of  burning,  the 
case  of  carbon  bisulphide  provides  a  very  interesting 
example.  This  fuel  has  a  very  low  ignition-point  and 
will  preignite  readily  at  a  very  low  compression-ratio 
but  when  added  to  gasoline  it  serves  as  an  effective  anti- 
detonator  and  will  actually  permit  a  considerable  increase 
in  compression.  When  investigating  in  the  machine 
Tizard  found  that,  while  the  rate  of  burning  of  most 
liquid  fuels,  about  the  region  of  their  self-ignition  tem- 
perature, trebles  for  every  4-per  cent  increase  in  tem- 
perature, carbon  bisulphide  required  a  rise  of  tempera- 
ture of  7  per  cent  to  treble   its   rate  of  burning.     The 
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majority  of  the  experiments  on  which  the  above  conclu- 
sions are  based  w^ere  carried  out  on  our  4J/2  x  8-in. 
variable-compression  research-engine  shown  in  Figs.  12 
and  13. 

Stratification 

Careful  analysis  of  the  behavior  of  the  working  fluid 
in  an  internal-combustion-engine  cylinder  shows  that 
under  ordinary  circumstances  we  must  not  look  for  an 
efficiency  relative  to  the  air  cycle  of  more  than  about  70 
per  cent.,  at  ordinary  compression-ratios.  The  principal 
sources  of  loss  are 

(1)  Increase  of  specific  heat  at  high  temperatures 

(2)  Dissociation  with  incomplete  recombination  during 
expansion 

(3)  Direct  loss  of  heat  to  the  cylinder  walls 
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These  amount  collectively  to  an  absolute  minimum  of 
30  per  cent.  In  practice  they  generally  approach  nearer 
to  40  per  cent. 

Each  and  all  of  these  sources  of  loss  are  directly  de- 
pendent upon  the  flame-temperature,  and  more  particu- 
larly the  flame-temperature  during  combustion,  for  we 
must  be  careful  to  distinguish  between  loss  of  heat  dur- 
ing combustion  and  that  lost  during  expansion.  If  the 
loss  of  heat  during  the  combustion  period  and  before 
expansion  could  be  suppressed,  the  heat  recovered  could 
be  utilized  at  an  efficiency  corresponding  to  that  of  the 
whole  expansion,  or,  say,  about  40  per  cent.  A  similar 
amount  of  heat  lost,  say,  one-half  way  down  the  expan- 
sion stroke,  could  have  been  used  only  at  an  efficiency 
corresponding  to  that  due  to  the  latter  half  of  the  expan- 
sion ;  but  heat  lost  toward  the  end  of  the  expansion  stroke 
is  of  very  little  consequence.  Perhaps  this  is  rather  a 
digression,  but  it  is  customary  to  refer  to  the  heat  lost 


during  combustion  and  expansion  without  discriminating 
between  the  two. 

With  any  volatile  liquid  fuel  and,  with  the  exception  of 
hydrogen,  with  such  gases  as  we  have  examined,  the 
range  of  burning  on  the  weak  side  is  so  narrow  that  the 
maximum  flame-temperature  cannot  be  reduced  to  any 
appreciable  extent.  Any  attempt  to  do  this  with  a  homo- 
geneous mixture  results  merely  in  slow  and  incomplete 
combustion.  Flame  lingers  in  the  cylinder,  and  the  fresh 
charge  is  ignited  on  entry.  This  sets  a  definite  limit  to 
the  range  that  can  be  used  on  the  weak  side,  but  the 
practical  limit  is  reached  before  this  when,  owing  to  de- 
layed and  incomplete  combustion,  the  thermal  efficiency 
falls  off  as  the  mixture-strength  is  reduced.  Fig.  3  shows 
the  variation  in  thermal  efficiency  with  mixture-strength, 
over  a  wide  range.  Within  exceedingly  narrow  limits, 
these  relations  can  be  said  to  hold  good  for  any  volatile 
liquid  fuel  we  have  ever  encountered.    It  is  indeed  very 
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Fig.  12 — Sectional  Elevations  of  the  4i:   x  3-I.v.  Variable- Compression-  Research  Engine  upon  Which  the  Majority 

of  the  Experiments  Were  Made 
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surprising  that,  no  matter  how  the  chemical  or  physical 
characteristics  of  a  fuel  may  vary  in  all  other  respects, 
they  all  apparently  have  this  one  characteristic  in  com- 
mon, namely,  that  the  highest  thermal  efficiency  is  always 
obtained  with  an  excess  of  air  of  about  IB  per  cent,  with 
the  one  very  striking  exception  of  hydrogen.  If,  by  any 
means,  it  were  possible  to  work  with  a  weaker  mixture 
and  still  retain  equally  rapid  and  complete  combustion, 
the  flame-temperature  would  fall  in  relation  to  the  pro- 
portion of  fuel  present. 

Benefits  of  Weak  Fuel-Mixtures 

It  would  appear  that,  if  the  mixture  could  be  weakened 
to  an  unlimited  extent,  the  efficiency  would  rise  from 
about    70   per   cent    of   the   air   cycle,    with    a    mixture- 


Fio.  13 — Exterior  of  the  V. 
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strength  15  per  cent  weak,  in  a  nearly  straight  line  until, 
at  the  point  of  no  heat  supply,  it  would  become  coincident 
with  the  air-cycle  efficiency,  much  as  is  shown  in  Fig.  14. 
But  this  is  not  all,  for,  as  the  mixture-strength  and  there- 
fore the  flame-temperature  are  reduced,  so  also  is  the  ten- 
dency to  detonate;  hence,  if  means  could  be  found  for 
extending  the  range  of  combustion  on  the  weak  side,  and 
an  engine  were  designed  to  use  always  a  somewhat  weak 
mixture,  a  very  much  higher  compression-ratio  could  be 
employed. 

The  writer  has  always  believed  that  the  benefits  of 
working  with  a  weak  mixture  could  be  realized  by  the 
employment  of  stratification;  that  is  to  say,  by  using  a 
little  relatively  rich  mixture  and  a  large  proportion  of 
pure  air,  and  keeping  the  two  separate  until  after  the 
ignition  of  the  former.  He  has  succeeded  in  doing  this 
experimentally,  and  in  approaching  reasonably  nearly  the 
results  which  theory  would  lead  one  to  expect.    In  fact, 
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Fig.    14 — Curves   Showing   Relation    between   the   Theoretical 
Thermal  Efficiency  and  the  Energy   Content  of  the  Mixture 

he  did  this  so  easily  and  obtained  such  excellent  results 
at  the  first  attempt  that  he  was  misled  into  supposing 
that  he  could  apply  it  to  existing  engines.  Subsequent 
itter  experience  has  shown  that  he  had  quite  an  unusual 
measure  of  good  luck  in  his  first  attempt.  Fig.  15  shows 
a  sectional  drawing  of  the  cylinder-head  used  for  the  first 
experiments.  It  consists  of  a  conical  combustion-chamber 
in  which  the  air-inlet  and  exhaust  valves  are  fitted,  and  a 
small  pocket  connected  with  the  main  combustion- 
chamber  through  a  narrow  neck.  An  automatic  inlet- 
valve  for  the  admission  of  a  little  fuel  and  air,  and  the 
igniter,  are  fitted  in  the  pocket.  The  main  air-inlet  valve 
is  set  to  open  rather  late.  The  result  is  that,  as  the 
piston  descends  during  the  suction  stroke,  the  automatic 
inlet-valve  in  the  pocket  or  bulb  opens  first,  and  air  and 
fuel  are  drawn  in  through  a  throttle- valve  from  what 
may  be  termed  the  simplest  possible  expression  of  a  car- 
bureter, that  is,  a  plain  uncompensated  jet  in  a  choke 
tube.  About  20  per  cent  down  the  stroke,  the  main  air- 
valve  is  opened  and  thereafter  pure  cold  air  enters  the 
cylinder  below  the  pocket.     At  the  time  when  the  main 
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Fig.    16 — Three  Indicator-Cards   Obtained   with   the   Stratified- 
Charge  Engine 

air-valve  opens  there  is  a  considerable  depression  in  the 
cylinder,  and  it  is  probable  that  any  rich  mixture  that 
has  overflowed  from  the  pocket  retires  back  into  it  when 
the  depression  is  relieved.  On  the  compression  stroke, 
the  contents  of  the  cylinder  are  compressed  and  some  air 
is  driven  into  the  bulb,  creating  great  turbulence  therein. 
The  mixture  in  the  bulb  is  fired  at  the  end  of  compression 
and.  owing  to  the  turbulence,  it  burns  with  extraordinary 
rapidity.  The  flaming  mixture  then  rushes  out  through 
the  narrow  neck  where  it  meets  and  immediately  mixes 
with  a  very  large  excess  of  air;  thus,  by  igniting  a  small 
proportion  of  rich  mixture  in  the  first  place,  I  succeeded, 
in  effect,  in  igniting  a  large  volume  of  very  weak  mean- 
mixture-strength.  The  power  output  of  this  engine  could 
be  varied,  either  by  the  quantity  of  fuel  alone,  or  by 
varying  the  proportion  of  mixture  of  nearly  constant 
strength  admitted  to  the  bulb. 

With  either  method  of  control,  the  engine  would  run 
at  any  load  from  dead  light  to  an  indicated  mean  effec- 
tive pressure  of  about  120  lb.  per  sq.  in.;  but,  to  obtain 
the  best  thermal  efficiency  throughout  so  wide  a  range, 
it  was  found  necessary  to  combine  both  methods.  All  this 
seemed  beautifully  simple  and  wonderfully  effective,  and 
the  running  of  the  engine  on  the  light  loads  was  almost 
exactly  like  that  of  a  steam  engine  in  its  smoothness  and 
sweetness  generally.  The  experimental  engine  had  a 
water-cooled  bulb;  but  it  had  no  water-jacket  or  fins  on 
the  cylinder  and,  although  of  5-in.  bore,  it  would  run 
continuously  at  an  average  mean  effective  pressure  of 
about  20  lb.  per  sq.  in.  without  blistering  the  paint  on  the 
cylinder  walls,  while  the  exhaust,  although  perfectly 
free,  sounded  almost  like  deep  breathing.  In  Fig.  16  a 
number  of  indicator  diagrams  taken  from  this  engine 
are  shown. 

Fig.  17  shows  the  thermal  efficiency  obtained  from  it 
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with  a  compression-ratio  of  4.8  to  1  and  when  running 
at  a  speed  of  600  r.p.m.  So  far,  everything  seemed  satis- 
factory and,  indeed,  so  far  as  this  one  engine  was  con- 
cerned, it  certainly  was  satisfactory,  the  only  defect  be- 
ing that,  do  what  I  would,  I  could  not  avoid  a  small  zone 
of  relatively  low  efficiency  over  some  part  of  the  range. 
I  could  vary  the  position  of  that  zone  up  and  down  the 
range,  but  I  could  not  eliminate  it.  Next,  I  tried  the 
experiment  of  fitting  similar  bulbs  to  several  engines 
with  different  types  of  combustion-head,  merely  sub- 
stituting the  bulb  in  place  of  the  spark-plug.  This  proved 
a  disastrous  failure  in  every  case.  At  certain  loads,  gener- 
ally at  about  one-quarter  load,  I  could  obtain  a  very  high 
efficiency  indeed;  but  this  was  counterbalanced  by  a 
miserably  low  efficiency  and  irregular  running  at  other 
loads  and,  in  most  cases,  I  failed  utterly  to  carry  more 
than  from  one-half  to  two-thirds  the  load  of  which  the 
engine  was  ordinarily  capable.  Subsequent  experience 
showed  that  everything  depended  upon  the 

(1)  Shape  of  the  combustion-chamber  below  the  pocket 

(2)  Shape  and  size  of  the  neck  connecting  the  pocket 
with  the  combustion-chamber 

(3)  Position  of  the  spark-plug  in  the  bulb 

The  dependence  upon  (3)  is  remarkable,  in  view  of  the 
excessive  turbulence  set  up  in  the  bulb ;  but  it  has  proved 
very  sensitive,  none  the  less.  During  the  war  I  was 
forced  to  discontinue  experiments  along  these  lines,  but 
I  was  able  to  devote  much  time  to  experimenting  with  a 
supercharging  engine  in  which  I  made  use  of  stratifi- 
cation to  a  limited  extent.  After  many  initial  difficulties, 
this  eventually  proved  to  be  very  satisfactory.  Since  the 
war  I  have  had  little  opportunity  to  return  to  these  ex- 
periments. However,  some  2  years  ago,  I  did  convert 
one  of  the  two  high-speed  gas-engines  supplying  power 
to  the  laboratory,  to  run  with  a  stratified  charge,  but  I 
was  careful  to  fit  a  cylinder-head  and  bulb  exactly  similar 
to  that  which  I  used  on  the  first  engine.  This  has  proved 
to  be  entirely  successful  after  about  20  months  of  con- 
tinuous running.  The  engine  runs  in  parallel  with  a 
sister  engine  similar  in  every  other  respect,  but  operating 
with  a  homogeneous  mixture  and  throttle-governed. 
There  is.  no  comparison  between  the  two  in  general  be- 
havior. 

Fig.  18  shows  a  sectional  drawing  and  an  elevation 
of  this  gas  engine.  On  the  other  hand,  the  engine 
using  a  homogeneous  charge  requires  a  top  overhaul 
and  the  exhaust-valve  reseated  every  2  months.  The 
engine  using  a  stratified  charge  has  had  its  cylinder- 
head  removed  only  once  in  20  months.  The  exhaust- 
valve  then  was  found  to  be  in  excellent  condition. 
There  was  no  carbon  on  the  piston,  there  being  only 
a  little  coating  of  thick  oil  of  the  consistency  of  tar 
that  could  be  wiped  off  with  a  rag,  thus  leaving  the 
piston  clean  and  bright.  When  running  in  parallel  on 
a  fluctuating  load,  but  with  an  average  load-factor  of 
about  50  to  60  per  cent,  the  governing  on  the  gas  supply 
alone  has  proved  perfectly  satisfactory.  The  only  defect 
is  that,  while  its  sister  engine  will  develop  a  maximum 
brake  mean  effective  pressure  of  110  lb.  per  sq.  in.,  the 
engine  using  a  stratified  charge  will  not  do  more  than 
about  80  lb.  per  sq.  in.,  showing  that  it  has  not  the  over- 
load capacity  of  its  sister  engine.  Incidentally,  it  is 
interesting  to  note  that  this  engine  will  run  also  without 
a  trace  of  detonation  on  aromatic  free  gasoline  up  to  a 
mean  effective  pressure  of  about  80  lb.  per  sq.  in.,  despite 
the  fact  that  its  compression-ratio  is  6.5  to  1,  thus  supply- 
ing additional  evidence  in  favor  of  Tizard's  theory  about 
detonation. 


May,  L92S 


No.  ."> 


RECENT    [NTERNAL-COMBUSTION    KM. INK   KKSKAKCH 


S15 


.1  result  of  these  experiences,  the  writer  believes 
there  is  little  doubt  that,  sooner  or  later,  the  system  of 
working  with  a  Btratined  charge  will  become  commercial, 
for,  a~  he  has  shown,  it  is  possible  and  the  high  efficiency 

theoretically  obtainable  from  it  can  be  approached.    The 

worst  feature  about  it  is  that,  if  not  just  right,  it  may  be 
wry  wrong;  a  very  small  change  in  form  or  dimension 
may  upset  the  whole  system.  In  such  a  case  the  thermal 
efficiency  may  very  easily  be  much  worse  than   thai   of  a 

throttle-governed  engine.     It   will  not  be  a  commercial 

proposition,  he  fears,  until  the  influence  of  each  of  the 
variable  factors  has  been  determined  separately  and 
evaluated  correctly. 

Turbulence  and  Combustion-Chamber  Design 

The  great  value  of  turbulence  lies,  in  my  opinion,  in 
the 

Speeding-up  of  the  process  of  combustion  by  the 
mechanical  distribution  of  flame 
(2)    Scouring  effect  it  produces   in  washing  away  the 
stagnant    layer   of   gas    adhering    to   the    cylinder 
walls 

It  appears  now  to  be  clearly  established  that  the  normal 

rate  of  burning  of  a  fuel-air  mixture  is,  at  the  start,  far 

-low  to  be  of  any  value;  although,  as  shown  by  our 

experiments   on   the   adiabatic-compression   machine,   its 

■■ration  after  a  certain  stage  is  extremely  rapid.     It 

Sea  The  Journal.  Juno.   1921.  pp.   SSI   and  585. 


is  probably  in  speeding-up  the  initial  stages  of  combus- 
tion by  spreading  mechanically  the  pale  and  timid  flame 
brought  into  life  by  the  spark-plug,  that  turbulence  plays 
its  most  important  part,  and  this  becomes  most  con- 
spicuous when  operating  with  weak  mixtures. 

Again,  there  is  a  good  deal  of  presumptive  evidence  to 
show,  that,  in  any  combustion-chamber,  there  is  always  a 
layer  of  gas  adhering  to  the  walls  of  the  chamber  which, 
owing  to  its  proximity  to  these  walls,  can  get  rid  of  its 
heat  so  rapidly  that  it  does  not  burn  completely.  The  ef- 
fect ive  thickness  of  this  layer  depends  very  largely,  no 
doubt,  upon  the  degree  of  turbulence.  It  appears  to  be 
this  factor  rather  than  the  greater  direct  heat-loss  which 
renders  certain  forms  of  combustion-chamber  commonly 
used  with  side-valve  engines  so  inefficient.  There  is  much 
to  be  said  in  support  of  this  theory,  because  it  will  help 
to  explain  the  very  marked  difference  in  efficiency  and 
power  as  between  a  high  and  a  low  degree  of  turbulence 
in  the  same  combustion-chamber,  even  when  using  rela- 
tively rich  and  prompt-burning  mixtures  and  firing  from 
two  points.  Also,  while  the  efficiency  obtainable  from  two 
forms  of  combustion-chamber  of  much  the  same  surface- 
area  may  be  very  different,  the  heat  loss  to  the  cooling 
water  is  generally  much  the  same  in  both  cases,  showing 
that  it  is  in  the  proportion  of  heat  rejected  to  the  ex- 
haust that  the  difference  in  efficiency  appears  to  lie 
rather  than  in  that  lost  to  the  cylinder  walls. 

In  his  excellent  paper  on  Turbulence,"  H.  L.  Horning 
refers  to  and  illustrates  a  form  of  combustion-chamber 
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Pig.  19 — Exterior  of  the  22"i-Hp.  Ricardo  Tank-Engine 

that  we  have  used  in  the  small  engines  we  designed  for 
Mark  Webber,  in  England,  and  also  in  all  the  standard 
150-hp.  tank-engines.  It  is  shown  in  Fig.  11  of  Mr. 
Homing's  paper  and  he  remarks  that,  in  his  experience, 
this  form  of  chamber  with  the  spark-plug  over  the  piston 
is  unsatisfactory  from  the  viewpoint  of  detonation.  I 
can  endorse  this  statement  fully.  We  have  found  this 
form  of  combustion-chamber  remarkably  efficient  from 
the  viewpoint  of  power  output  and  efficiency,  for,  with  a 
compression-ratio  of  only  4.3  to  1  we  were  able  to  obtain, 
both  in  the  Mark  Webber  and  in  the  tank  engines,  a 
brake  mean  effective  pressure  of  108  lb.  per  sq.  in.  and 
a    fuel-consumption    of    only    0.55    lb.    of    gasoline    per 


b.hp-hr.  in  the  Mark  Webber  single-cylinder  and  of  0.57 
in  the  six-cylinder  tank-engines.  But  we  always  found 
it  bad  from  the  standpoint  of  detonation;  so  bad  that  in 
the  larger  and  later  tank  engines  we  decided  very  re- 
luctantly to  abandon  it  in  favor  of  a  much  more  compact 
form  using  horizontal  valves,  and  with  the  spark-plug  in 
the  center,  as  shown  in  Figs.  19  and  20.  This  gave  about 
equal  results  as  regards  efficiency  and  mean  effective 
pressure,  but  was  remarkable  as  regards  its  freedom 
from  detonation ;  in  fact,  these  large  engines  would  run 
comfortably  even  on  kerosene  with  a  compression-ratio 
of  4.3  to   1  and  without  any  cooled  exhaust-products. 


Pig.  20 — End  Elevation,  Partly  in  Section,  of 
the  225-Hp.  Ricardo  Tank-Engine 


Fig.    21 — Elevation,   Partly  in   Section,   op  a   11.9-Hp. 
Engine 

The  Form  of  Cylinder-Head  Shown  Was  Adopted  for  All 
Side-Valve  Engines  Since  It  Produced  Additional  Turbu- 
lence during  the  Compression  Stroke  and  Also  the  Mini- 
mum Distance  from  the  Point  of  Ignition  to  the  Farthest 
Point  in  the  Combustion-Chamber 

Later,  we  adopted  the  form  of  head  shown  in  Fig.  21  for 
all  side-valve  engines.  This  has  proved  the  best  of  all 
we  have  tried  for  side-valve  engines,  for  it  produces  addi- 
tional turbulence  during  the  compression  stroke  and, 
moreover,  the  maximum  distance  from  the  point  of 
ignition  to  the  farthest  point  in  the  combustion-chamber, 
the  factor  which  apparently  controls  detonation  beyond 
all  others,  is  about  the  smallest  possible.  It  appears  to 
combine  the  virtues  of  both  the  forms  of  combustion- 
chamber  we  used  in  the  tank  engines. 

Table  4  shows  the  results  of  tests  of  a  fairly  large 
number  of  engines,  most  of  them  of  our  own  design. 
The  figures  are  not  in  all  cases  truly  comparative  but 
they  probably  approach  a  true  comparison  as  nearly  as 
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any  that  can  be  obtained,  short  of  taking  an  experimental 
cylinder  and  grafting  different  combustion-chambers  and 
valve-gears  upon  it,  which  would  be  no  easy  problem. 
In  all  cases  marked  with  an  asterisk  the  valve-open- 
ing diagram  is  the  same  and  so  is  the  gas  velocity 
throughout  the  induction  system,  because  we  have 
arrived  at  a  more  or  less  standard  timing  and  valve- 
opening  diagram  for  all  of  our  engines.  Also,  in  all 
cases  an  engine  speed  has  been  chosen  corresponding  to 
a  mean  velocity  through  the  valves  of  from  130  to  150  ft. 
per  sec. 

From  this  we  may  presume  that  the  volumetric  effi- 
ciency is  substantially  the  same  in  all  cases.  The  fuel 
used  for  the  tests  is  Borneo  gasoline  in  each  instance 
but,  unfortunately,  the  heat-input  to  the  carbureter  could 
not  be  measured  in  most  cases,  and  introduces  an  in- 
determinate variable.  The  figures  in  column  12  repre- 
sent, to  the  nearest  approximation,  the  true  figure  of 
merit  for  the  particular  combustion-chamber.  As  re- 
gards columns  13  and  14,  it  must  be  borne  in  mind  that, 
except  in  the  case  of  single-cylinder  engines,  irregular- 
ities in  distribution  may  easily  more  than  outweigh  any 
differences  due  to  combustion-chamber  design,  as  dis- 
cussed in  Appendix  3. 

Since,  within  very  close  limits,  the  volumetric  efficiency 
can  be  presumed  to  be  the  same  in  all  cases  marked  with 


Fig.    22 — View    of   the   Piston-Testing    Apparatus   Employed    by 
the  Author 


an  asterisk,  column  2  gives  the  nearest  approach  to  the 
true  comparative  efficiency  of  the  different  forms  of 
combustion-chamber,  but  it  is  necessary  to  remember  that 
valves  which  open  directly  into  the  cylinder-head  have  a 
somewhat  higher  orifice-coefficient  than  those  which  open 
into  side  pockets  and  that,  in  consequence,  the  volumetric 
efficiency  will  be  somewhat  higher  in  the  case  of  the 
overhead-valve  engine,  although,  in  all  cases,  ample  area 
was  provided  around  the  valve-heads.  It  will  be  seen 
from  Table  4  that  the  overhead-valve  engines,  whether 
of  plain  cylindrical  form  or  of  the  pent-roof  type,  appear 
each  to  be  about  equally  good. 

The  type  described  as  an  L-head,  with  a  modified  valve 
arrangement  in  which  the  inlet  is  located  over  the  ex- 
haust, appears  to  come  next  in  order  of  merit,  while  those 
fitted  with  the  design  of  combustion-chamber  shown  in 
Fig.  21,  apparently  come  third.  It  must  be  noted,  how- 
ever, that  the  so-called  L-head  combustion-chamber  is 
very  bad  from  the  viewpoint  of  detonation,  so  that  it 
necessitates  the  use  of  a  lower  compression-ratio  than 
that  employed  in  the  next  group.  It  will  be  found  that 
the  order  of  merit  is  reversed  when  this  is  taken  into 
account.  The  remarks  as  to  the  tendency  to  detonate 
must  be  understood  to  refer  to  this  tendency  relative  to 
the  compression-ratio  employed. 

In  conclusion,  I  wish  to  express  my  thanks  to  all  the 
members  of  my  staff  for  their  whole-hearted  cooperation 
and  assistance. 

APPENDIX  1 

Mechanical  Efficiency 

In  previous  papers,  I  have  given  both  the  results  of  my 
experiments  on  mechanical  efficiency  and  the  deductions 
drawn  therefrom.  These  can  be  summarized  generally 
by  stating  that  piston  friction  accounts  always  for  more 
than  one-half  of  the  total  mechanical  losses  and  in  many 
cases  for  nearly  three-fourths.  It  appears  to  be  con- 
trolled by  three  factors, 

(1)  Area  of  rubbing  surface 

(2)  Average  pressure  between  the  surfaces;  in  high- 
speed engines  this  is  due  largely  to  the  resolved 
component  of  the  inertia  forces 

(3)  Condition  of  the  lubrication 

The  means  of  dealing  with  the  first  two  factors  are 
obvious;  namely  a  reduction  of  the  surface  and  weight. 
Fortunately,  a  reduction  in  the  weight  results  in  a  reduc- 
tion also  in  the  pressure  on  the  surfaces  due  to  inertia, 
and  so  renders  smaller  bearing  surfaces  permissible.  The 
partial  carbonizing  and  congealing  of  the  lubricating  oil 
is  more  difficult  to  deal  with,  for,  toward  the  end  of  the 
expansion  stroke,  a  very  large  proportion  of  'the  surface 
of  the  barrel,  and  of  the  oil  adhering  to  it,  is  exposed  to 
flame  at  a  temperature  of  about  2000  deg.  cent.  (3632 
deg.  fahr.),  and  it  is  by  no  means  easy  to  see  how  this 
can  be  prevented. 

In  all  of  our  tests  for  determining  mechanical  efficiency 
by  "motoring,"  which  consists  in  driving  the  engine  by 
the  motor  used  for  the  dynamometer  and  measuring  the 
power  required  electrically,  we  find  that  if  the  ignition  is 
switched  off  and  the  engine  turned  over  to  motoring,  im- 
mediately after  running  on  full  load,  the  total  friction  is 
at  first  rather  high  but  gradually  drops  until,  after  a 
period  of  say  15  min.,  it  has  fallen  at  least  10  per  cent 
and  often  as  much  as  20  per  cent  due,  presumably,  to  the 
gradual  change  from  fouled  to  clean  oil  on  the  cylinder 
walls,  and  this  without  any  change  in  temperature. 

Although  skeptical  at  first,  I  have  lately  come  to  the 
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conclusion  that  the  motoring  test,  if  carefully  carried 
out  under  conditions  approaching  aa  nearly  aa  possible 
the  actual  running-  conditions,  in  most  rases  gives  a 
surprisingly  accurate  measurement  of  the  true  friction 
losses,  despite  the  fad  that  many  conditions  are  changed. 
It  should  be  taken  into  account  that,  when  motoring,  the 
fluid  pumping  losses  are,  on  an  average,  some  50  per  cent 
higher  than  when  running  normally  because  (o)  the  ex- 
haust back-pressure  is  much  greater  owing  to  the  fact 
that  there  is  no  high  pressure  at  the  time  of  discharge 
to  supply  the  kinetic  energy  necessary  to  propel  the  ex- 
haust products  down  the  exhaust-pipe,  and  (6)  there  is  a 
loss  of  heat  during  the  compression-stroke  which  is  not 
fully  recovered  during  expansion,  with  the  result  that 
there  is  a  negative  loop  to  the  compression-expansion 
card. 

This  increase  in  fluid  pumping  losses,  however,  nearly 
balances,  on  an  average,  the  decrease  in  piston  friction 
when  motoring  and  this  appears  to  be  true  over  a  wide 
range  of  speed.  Another  method,  which  we  always  use 
as  a  check-test  for  mechanical  losses  in  multi-cylinder  en- 
gines, is  to  run  the  engine  "all-out"  with  all  cylinders 
firing  until  all  conditions  have  steadied  down;  then  short- 
circuit  the  ignition  of  one  cylinder  at  a  time,  recording 
accurately  the  power  developed  in  each  case  by  the  re- 
maining cylinders.  The  difference  observed  is  the  indi- 
cated horsepower  of  the  cylinder  which  is  out  of  opera- 
tion. This  method  almost  invariably  gives  rather  too  low 
a  figure  for  the  total  losses.  We  have  employed  another 
method  on  our  variable-compression  engine,  which  has  a 
very  heavy  flywheel  and  a  built-up  crankshaft  mounted 
on  ball  bearings.    We  remove  the  crankpin  and  motor  the 


flywheel  up  to  say  2000  r.p.m. ;  then  we  switch  orT  the 
dynamometer  and  note  the  deceleration.    The  crankpin  is 

then  replaced  and  the  engine  is  run  under  full  load  a1 
2000  r.p.m.,  switched  off  and  the  deceleration  noted  again. 
From  the  difference  so  observed,  the  total  mechanical 
losses  can  be  estimated  over  the  whole  range  of  speed 
from  200U  r.p.m.  down  to  zero,  or  from  full  speed  to  stop- 
page of  the  engine. 

In  an  engine  such  as  my  variable-compression  unit, 
whuh  has  been  in  constant  use  for  over  2  years,  running 
daily  under  close  observation,  the  true  mechanical  effi- 
ciency can  be  determined  by  various  processes  of  elimina- 
i  ion  and  by  all  sorts  of  cross-checks.  All  of  these  methods 
confirm  the  fact  that  the  true  mechanical  efficiency  agrees 
extremely  closely  with  that  shown  by  the  motoring  test 
previously  described. 

APPENDIX  2 
Piston  Experiments 

A  great  many  experiments  have  been  carried  out  on  a. 
special  piston-testing  machine,  shown  in  Figs.  22,  23  and 
24,  that  consists  of  a  water-jacketed  cylinder  in  which  a 
piston  is  reciprocated  by  a  swinging-field  electric  dyna- 
mometer. The  cylinder  is  heat-insulated  from  the  crank- 
case,  and  the  jacket  is  filled  with  water  that  is  stirred 
constantly  by  a  small  propeller  fitted  therein.  The  ma- 
chine is,  in  effect,  a  calorimeter,  and  the  piston  friction, 
wholly  apart  from  all  other  sources  of  friction,  can  be 
measured  in  relative  terms  by  the  temperature  rise  of  the 
jacket  water.  It  is  very  difficult  to  obtain  reliable  abso- 
lute figures  in  this  way,  because  the  radiation  losses  play 
so  important  a  part,  but  the  relative  figures  so  obtained 
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23 — Lonoitodinal  Elevation,   Partly   in   Section,   of  the  Arrangement   Employed  by  the  Author  for  Testing 
Piston  Friction  and  Using  a  Reciprocating  Balance 
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Fig.  24 — Transverse  Elevation,  Partly  in  Section,  of  the  Author's  Piston-Friction  Testing-Device       ^  . 


are  very  reliable  and  consistent.  To  prevent  internal 
cooling,  a  chamber  of  large  capacity  is  fitted  to  the  top  of 
the  cylinder  so  that  the  air  displaced  by  the  piston  is  not 
changed.  Arrangements  are  made  for  operating  this  ma- 
chine under  the  following  different  conditions : 

(1)  Atmospheric  pressure 

(2)  A  continuous  air-pressure  up  to  45  lb.  per  sq.  in., 
which  is  equal  to  the  mean  average  pressure 
throughout  the  cycle 

(3)  A  vacuum 


Total  Torque  of  Machine  Reduced  to  Equivalent  lb.  per  Sq.ln  of  Mean  Effective  Pressure 


Total  Torque  of  Machine  Reduced  to  Equivalent  lb  per  5tf.ln.af  Mean  Effective  Pressure 
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Fig.    25 — Torque-Temperature   Curves   op   an  Aluminum    Slipper 
Piston  Obtained  at  a  Speed  op  1600  R.P.M.  and  No  Air  Pressure 


0 


36       40 


12         16         20        24        28 

Time  from  Start  of  Test.min. 

Fig.    26 — Torque-Temperature   Curves   of  an  Aluminum   Slipper 

Piston  Obtained  at  1600  R.P.M.  and  a  Constant  Am  Pressure  of 

45  Lb.  Pes  Sq.  In. 

(4)  Compressing  and  expanding  to  a  pressure  of  about 
150  lb.  per  sq.  in.,  by  replacing  the  large-capacity 
with  a  plain  cylinder-cover 

The  rate  of  gas  leakage  past  the  piston  is  determined 
by  fitting  a  small  and  very  light  automatic  air-inlet  valve 
in  the  cylinder  cover  and  measuring  the  amount  of  make- 
up air  taken  into  the  cylinder  when  compressing  and  ex- 
panding. Figs.  25,  26,  27  and  28  show  some  typical  time- 
temperature  diagrams  taken  with  this  machine  and  also 
the  gross  torque  of  the  whole  machine  as  measured  by  the 
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dynamometer.  The  latter  Bbould,  of  course,  be  read  on 
the  top  horizontal  Bcale  of  t he  diagram,  against  the  tem- 
perature. The  following  deductions  can  be  drawn  from 
various  tests  on  this  machine. 

(1)  Piston  friction  is  affected  comparatively  little  by 
the  tlnid  pressure  on  the  piston 

>n-rings  account   for   a   substantial  proportion 
of  the  total  piston  friction 

(3)  Piston  friction  is  at  a  minimum  when  compressing 
and  expanding  to  such  a  pressure  as  to  equal  the 
inertia  pressure;  it  is  then  abnormally  low 

i  1  |  The  amount  of  oil  passed  by  any  one  type  of  pis- 
ton is  dependent  only  upon  the  speed  and  is  ; 
portions]  to  it.  At  any  given  speed,  it  is  practi- 
cally unaffected  by  the  pressure  in  the  cylinder 
from  a  vacuum  of  10  lb.  per  sq.  in.  to  a  positive 
pressure  of  45  lb.  per  sq.  in.  This  agrees  with  my 
erience  with  actual  engines.  1  have  always 
found  the  oil  consumption  to  be  a  direct  function 
of  the  speed  and  wholly  independent  of  throttle 
opening,  which  latter  determines,  rather,  whether 
or  no  the  oil  passed  by  the  piston  is  compb 
burned 

APPENDIX  :;. 

Air  Measurement 

When  investigating  the  performance  of  an  internal- 
combustion  engine  it  is  essential,  of  course,  to  isolate  and 
determine  separately  the  influence  of  each  of  the  main 
controlling  factors.  Above  all,  we  must  know  both  the 
mechanical  and  the  combustion  efficiencies,  because  it  is 
upon  these  two  factors  that  the  power  output  and  overall 
efficiency  of  an  engine  ultimately  depend.  We  can  ar- 
rive at  the  mechanical  efficiency  very  easily  and  very 
closely  by  the  motoring  test,  so  long  as  we  are  careful  to 
insure  that  this  is  carried  out  as  nearly  under  running 
conditions  as  is  possible. 

The  combustion  efficiency,  which  is  generally  the  most 
important  factor  of  all,  is  very  difficult  to  determine  in 
the  case  of  multi-cylinder  engines.  It  is  generally  impos- 
sible to  arrive  at  any  just  conclusion  as  to  the  combustion 
efficiency  of  a  multi-cylinder  engine  by  the  usual  method 
of  measuring  the  power  output  and  fuel  consumption,  on 
account  of  the  large  irregularities  in  distribution  which 
are  bound  to  occur.  Thus,  we  may,  and  frequently  do, 
find  that  one  engine  with  a  most  efficient  form  of  com- 
bustion-chamber and  the  like  actually  consumes  more  fuel 
per  horsepower-hour  than  another  of  much  less  efficient 
design,  simply  because  the  distribution  system  of  the 
latter  is  more  uniform.  At  first  sight,  one  might  be  led 
to  suppose  that,  since  the  overall  thermal  efficiency  of  the 
second  engine  is  higher,  this  therefore  is  inherently  the 
more  efficient  engine  of  the  two.  However,  by  comparing 
the  maximum  mean  effective  pressure  obtained  from  the 
two  engines  at  their  most  favorable  speeds,  we  shall  have 
a  more  reliable  comparison  because,  within  reasonable 
limr  re  justified  in  assuming  that  however  differ- 

ent the  valve-timing,  area  and  the  like  may  be,  the  maxi- 
mum volumetric  efficiency  of  both  engines  will  be  about 
the  same  at  some  point  in  their  speed  range,  and  that 
each,  at  its  most  favorable  speed,  takes  into  the  cylinder 
very  nearly  the  same  proportionate  weight  of  working 
fluid  per  cycle.  If  this  assumption  were  strictly  correct, 
the  maximum  indicated  mean  pressure  obtained  by  either 
engine  would  give  an  exact  measure  of  the  efficiency  of 
combustion.  Such  an  assumption  cannot  be  confirmed 
without  actual  air  measurement,  although,  as  between 
generally  similar  engines  designed  to  run  at  somewhat 
similar   speeds,    such   an   assumption    probably    is   very 
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Fig     27— t  i  Curvi      Of    an-   Aluminum    Slipper 

Piston"  Obtained  with  No  Air  Pressi  lll  Three  Rings  in 

Place 

nearly  correct,  provided  always,  of  course,  that  the  heat 
supplied  to  the  carbureter  and  induction  system  bears 
the  same  relation  to  the  weight  of  fuel  in  each  case. 

That  the  heat-input  to  the  entering  charge  shall  always 
l>e  supplied  in  such  a  manner  that  it  can  be  measured  ac- 
curately and  in  absolute  terms,  that  is,  by  electric-heater 
elements,  is  most  desirable  for  all  reliable  research  work 
and.  unless  means  are  available  for  measuring  the  air 
imption  accurately,  it  is  a  first  essential.  Whatever 
the  variants  may  be,  there  is  no  doubt  that,  in  the  case 
of  multi-cylinder  engines,  the  true  engine  efficiency,  as 
contrasted  with  the  overall  efficiency  of  engine  and  dis- 
tribution system  together,  can  be  determined  far  more 
rately  from  the  maximum  mean  effective  pressure 
developed  than  from  any  measurements  of  fuel  consump- 
i  ion .  Further,  if  the  weight  of  air  taken  into  the  cylin- 
ders in  a  unit  time  can  be  measured,  we  have  a  means  of 
i  taining  very  closely  the  true  thermal  efficiency  of  an 
engine,  no  matter  how  irregular  its  distribution  or  how 
erratic  its  carbureter-setting  may  be,  because,  once  we 
know  definitely  what  use  an  engine  makes  of  the  air 
supplied  to  it,  we  know  its  true  combustion  efficiency; 
it  is  then  incumbent  upon  the  designer  of  the  carbureter 
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and  the  induction  system  to  see  to  it  that  the  air  is  uni- 
formly carbureted. 

With  a  view  to  being  able  to  measure  accurately  the 
air  consumption  of  engines  on  the  test  bed,  we  deter- 
mined, after  a  long  series  of  somewhat  disappointing 
results  with  air-boxes,  calibrated  orifices  and  electric- 
resistance  methods,  to  design  and  construct  a  direct  air- 
measuring  device  about  the  calibration  of  which  there 
could  be  no  uncertainty.  This  instrument,  which  consists 
of  a  calibrated  gas-holder  and  some  auxiliary  apparatus, 
is  shown  diagrammatically  in  Figs.  4  and  5  of  the  paper. 
The  holder  consists  of  a  sheet-steel  bell  guided  by  a  cen- 
tral column  and  balanced  in  the  usual  manner.  To  pre- 
vent surging,  the  lower  end  of  the  bell  is  partially  closed, 
leaving  three  holes  open  through  which  the  water  must 
pass.  The  size  of  these  holes  is  such  as  not  to  interfere 
with  the  free  flow  of  the  water  under  normal  conditions. 
For  recording  the  amount  of  air  consumed,  a  magneti- 
cally operated  counter  is  employed,  recording  every  0.2 
cu.  ft.    This  counter  is  operate.d  as  follows: 

A  roller  chain  connected  near  the  center  of  the  crown 
of  the  bell  passes  over  a  sprocket  pulley  and  is  kept  taut 
by  the  balance  weight.  A  fine-pitch  ratchet-wheel  is 
mounted  on  the  spindle  of  the  chain-sprocket  wheel  and 
driven  by  a  light  friction  clutch  so  that  it  rotates  with  it 
as  the  bell  falls  but  remains  stationary  while  it  rises. 
This  ratchet  wheel  operates  a  low-tension  contact-maker, 
arranged  so  that  contact  is  made  and  broken  by  each 
tooth  of  the  ratchet.  The  contact-maker  is  connected  up 
to  an  electromagnet ically  operated  counter  placed  on  the 


29 — Photograph  of  the  Fuel-Measuring  Device  Used 


operator's  desk,  which  records  the  number  of  contacts 
made  or  broken  so  long  as  the  circuit  is  maintained.  The 
pitch  of  the  ratchet-wheel  is  designed  so  that  contact  is 
made  and  the  counter  advanced  one  digit  for  every  0.2 
cu.  ft.  of  air  drawn  from  the  holder. 

A  double-beat  valve  faced  with  rubber,  also  operated 
magnetically,  is.fitted  to  the  air  intake  of  the  carbureter 
and  arranged  so  that  the  supply  of  air  to  the  engine  can 
be  drawn  either  from  the  atmosphere  or  from  the  holder, 
depending  upon  which  face  the  valve  is  seating.  The 
valve  seats  on  the  upper  face  under  normal  conditions, 
and  air  enters  through  the  lower  port  from  the  atmos- 
phere. The  valve  is  snapped  over  from  the  upper  to  the 
lower  seat  by  bringing  the  solenoid  into  operation,  and 
air  is  then  drawn  from  the  holder.  A  small  centrifugal 
fan  driven  by  an  electric  motor  is  employed  for  charging 
the  holder.  This  fan  delivers  air  into  the  holder  through 
an  oil  seal  that  forms  an  automatic  non-return  valve,  and 
continues  to  do  so  until  the  bell  reaches  the  top  of  its 
travel,  when  the  latter  automatically  opens  a  switch  and 
so  stops  the  fan.  The  stopping  of  the  fan  permits  the 
oil  in  the  sealing  box  to  flow  back  into  the  air  inlet,  and 
so  prevents  any  air  from  being  sucked  through  into  the 
bell  in  either  direction. 

For  carrying  out  fuel  and  air-consumption  tests,  the 
operation  is  as  follows  so  soon  as  the  observer  is  satisfied 
that  the  engine  is  developing  its  normal  power  output  and 
that  all  temperature  and  other  conditions  have  settled 
down  to  their  normal  value,  he  opens  the  cock  and  fills 
the  fuel-measuring  device  from  the  main  tank,  as  shown 
in  Fig.  29 ;  then  he  starts  the  fan  to  fill  the  holder.  These 
operations  occupy  only  a  few  seconds.  As  soon  as  the 
fuel-measuring  device  and  the  holder  are  filled  with  fuel 
and  air,  he  closes  the  fuel  cock,  throws  over  the  double- 
beat  valve  so  that  the  engine  then  draws  its  fuel  and  air 
from  their  respective  measuring  devices,  and  then 
watches  the  rapid  fall  of  fuel  in  the  gage  glass  until  it  ■ 
reaches  the  first  mark.  As  the  level  of  the  fuel  falls  rap- 
idly past  this  mark,  he  closes  a  switch  and  starts  his 
stop-watch.  The  closing  of  the  switch  operates  the  revo- 
lution counter  on  the  engine  and  the  ah'-consumption 
counter  simultaneously.  The  operator  then  waits  until 
the  level  of  the  fuel  falls  past  the  second  mark  on  the 
gage  glass ;  at  this  instant,  he  closes  the  switch  and  stops 
his  watch.  He  then  has  exact  records  available;  they  are 
(a)  the  number  of  revolutions  during  the  consumption  of 
a  measured  quantity  of  fuel;  (6)  the  number  of  cubic 
feet  of  air  consumed;  and  (c)  the  time  taken  during  the 
consumption  of  fuel  and  air,  this  being  required  merely 
to  give  a  true  reading  of  the  average  engine  speed,  and 
as  a  check  on  the  tachometer. 

Repeated  experiments  made  by  different  observers  have 
indicated  that  the  variation  between  different  observers, 
due  to  t'he  relatively  small  influence  of  the  personal  ele- 
ment, does  not  exceed  about  0.50  per  cent  in  practice; 
different  readings  by  the  same  observer  seldom  vary 
more  than  0.25  per  cent  and  the  absolute  accuracy  of 
measurement  of  an  aggregate  of  several  tests  is  probably 
in  the  neighborhood  of  0.10  per  cent.  Errors  due  to 
changes  of  temperature  of  the  air  in  the  air-holder,  be- 
cause of  sunshine,  rain  and  the  like,  are  reduced  to  the 
lowest  possible  minimum  by  the  speed  of  operation.  The 
holder  is  filled  in  about  30  sec.  and  its  contents  withdrawn 
in  about  150  sec.  on  an  average;  thus,  the  length  of  time 
during  which  the  bulk  of  the  air  remains  in  the  holder 
is  reduced  to  little  more  than  3  min.  from  start  to  finish. 
Readings  are  taken  of  the  temperature  of  the  air  enter- 
ing the  air-bell,  at  the  double-beat  valve  and  close  to  the 
carbureter.     Under  ordinary  atmospheric  conditions,  the 
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temperature  at  these  three  points  seldom  varies  bj   more 
than  1.6  deg.  cent  (2.7  deg.  fahr.). 

Experiments  with  the  air-measuring  device  coupled  to 
our  variable-compression  engine  have  shown  that,  over  a 
wide  range  of  mixture-strength,  the  relationship  between 

the  indicated  mean  pressure  and  the  weight  of  air  en- 
tering the  cylinder  is  practically  constant  ;  at  all  events, 
over  tht  range  from  5  to  35  per  cent  rich;  and  abl 
any  distribution  system,  however  bad,  can  be  relied  upon 
to  keep  within  these  limits.  In  practice,  to  determine  the 
true  combustion  efficiency  of  any  engine,  it  is  necessary 
merely  to  adjust  the  carbureter  to  give  a  mixture  for 
maximum  power,  that  is,  somewhere  about  20  per  cent 
rich,  and  to  determine  the  efficiency  from  the  ratio 

E  =  P~  II   I 
where 

onstant       1.96  for  rich  gasoline  mixtures 
E  =  the  efficiency 
/'       indicated  horsepower 
H       pounds  of  air  per  hour 


Table  6 — Test  RESULTS  on  GASOLINE  SAMPLE  D  with 
\  Compression-Ratio  op  5  to  l 


Table  5 — Air  Consumption 
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Table  5  gives  the  total  effective  internal  energy  lib- 
erated by  1  lb.  of  air  when  fully  saturated  with  various 
fuels.  These  values  must  not  be  confused  with  the 
figures  given  previously  for  the  internal  energy  of  differ- 
ent fuel-air  mixtures,  or  with  the  volumetric  efficiency 
figures,  both  of  which  include  the  fuel  vapor  as  well  as 
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the  air.  Although  somewhat  empirical,  the  figures  given 
m  the  third  and  fourth  columns  are  fairly  accurate. 
From  the  figures  in  Table  5  it  will  be  seen  that,  what- 
ever fuel  is  used,  the  energy  liberated  by  1  lb.  of  air  will 
always  be  approximately  1300  B.t.u.  The  extreme  varia- 
tion over  the  entire  range  of  representative  fuels  is  from 
1275  to  1335  B.t.u.,  while  the  variation  over  the  whole 
range  of  gasolines  is  only  from  1275  to  1295  B.t.u.,  de- 
pending upon  the  proportion  of  aromatic  present  in  the 
fuel. 

The  following  test  figures  in  Tables  6  to  9  and  the 
curves  of  Fig.  30  are  taken  from  actual  tests  conducted 
in  the  manner  already  described.  Table  6  shows  the 
total  air-consumption,  the  indicated  mean  pressure,  the 
pounds  of  air  per  indicated  horsepower  and  the  indicated 
thermal  efficiency,  calculated  from  air  consumption,  on 
gasoline,  with  a  compression-ratio  of  5  to  1,  with  a  con- 
stant heat-input  of  0.0433  B.t.u.  per  revolution  and  at  a 
constant  speed  of  1500  r.p.m.  Table  6  gives  the  results 
obtained  experimentally  over  a  range  of  mixture-strength 
from  that  giving  complete  combustion  with  no  excess  of 
air  up  to  a  mixture-strength  that  has  a  35-per  cent  excess 
of  gasoline. 

Table  7  shows  the  same  determination  for  99-per  cent 
ethyl  alcohol  and  Table  8  the  same  for  95-per  cent  ethyl 
alcohol.  It  will  be  observed  from  Tables  7  and  8  that 
the  air  consumption  in  pounds  per  indicated  horsepower- 
hour  is  a  little  lower  in  the  case  of  the  alcohols  than  in 
the  case  of  gasoline.  This  is  due  partly  to  the  fact  that, 
as  shown  previously,  the  total  heat  energy  liberated  by 
the  consumption  of  1  lb.  of  air  is  very  slightly  greater 
in  the  case  of  alcohol  and  in  part  also  to  the  fact  that, 
owing  to  the  lower  mean  cycle  temperature,  the  efficiency 
obtained  on  alcohol  is  always  some  2  to  3  per  cent  higher 
than  on  gasoline  or  benzene,  as  shown  in  Fig.  3. 

It  will  be  observed  that  in  all  cases  the  air  consump- 
tion in  pounds  per  indicated  horsepower-hour  is  the  same 
to  within  very  close  limits  over  the  whole  range  of  mix- 
ture-strengths from  5  to  35  per  cent  rich.  That  is,  no 
matter  what  the  mixture-strength  may  be,  so  long  as 
there  is  an  excess  of  fuel  present,  the  thermal  efficiency, 
based  on  the  air  consumption  or,  more  strictly  speaking, 
on  that  portion  of  the  fuel  that  is  burnt,  is  virtually  the 
same.     Incidentally,  it  is  interesting  to  note  that,  as  the 
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Table  8— Test  Results  oh  95-per  cent  Etht    Alco- 
hol with  a  Compression-Ratio  of  5  to  i 
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36.25 

5.70 

33.70 

+  30 

'_'n\  i, 

15  0.3 

36  30 

5.71 

33.65 

+  35 

150.5 

36.35 

5.74 

33.40 

mixture-strength  is  enriched  beyond  the  point  of  com- 
plete combustion,  the  thermal  efficiency,  based  on  that 
portion  of  the  fuel  which  is  utilized,  rises  at  first  and 
then  remains  nearly  constant  over  a  wide  range;  but, 
in  every  case,  it  actually  reaches  a  maximum  at  about 
20  per  cent  rich.     The  curves  in  Fig.  30  show  the  ther- 
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Fig.    31 — Thermal   Efficiency   and  Air   Consumption   Curves  for 
Various  Compression  Ratios 

mal  efficiency  as  ascertained  in  this  manner  over  a  range 
of  mixture-strengths  from  correct  to  35  per  cent  rich. 
The  efficiency  on  the  weak  side,  as  determined  from  the 
fuel  consumption  alone,  is  shown  in  dotted  lines.  That 
the  efficiency  as  reckoned  by  the  air  consumption  should 
be  so  uniform  over  a  wide  range  of  mixture-strengths  on 
the  rich  side,  as  it  has  been  found  to  be,  is  perhaps  some- 


Table  9— Test  Results  with   Fuel  Benzol,   About 
20-per  cent  Rich;  Varying  Compression-Ratio 
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what  of  a  coincidence  in  view  of  the  wide  variation  in  the 
nature  of  the  chemical  reactions,  the  change  of  specific 
volume  and  the  like. 

Table  9  and  Fig.  31  show  the  efficiency  as  determined 
from  the  air  consumption  when  running  on  benzol  with  a 
mixture-strength  varying  anywhere  from  10  to  30  per 
cent  rich,  and  at  compression-ratios  ranging  from  4  to  1 
to  7  to  1,  while  the  lowest  line  shows  the  maximum  ther- 
mal efficiency  as  ascertained  from  the  fuel  consumption 
with  the  mixture  adjusted  in  each  case  to  give  the  high- 
est economy ;  namely,  about  15  per  cent  weak.  The  effi- 
ciency as  calculated  from  the  air  consumption  will  always 
be  slightly  higher  than  that  determined  by  the  fuel  con- 
sumption, the  slight  difference  being  due  in  part  to  the 
small  proportion  of  fuel  that  is  lost  in  carburetion  or 
otherwise  escapes  combustion  by  adhering  to  the  cold 
cylinder-walls.  As  a  result  of  these  investigations,  I  am 
convinced  that,  for  tests  on  multi-cylinder  engines  in 
which  it  is  impossible  to  insure  that  each  cylinder  re- 
ceives a  mixture  of  exactly  the  same  strength,  the  air- 
measurement  test  gives  a  very  much  closer  approxima- 
tion to  the  true  thermal  efficiency  of  such  an  engine  than 
can  possibly  be  arrived  at  from  the  fuel  consumption ; 
and  that,  where  means  are  not  available  for  measuring 
the  air  consumption  accurately,  the  maximum  indicated 
mean  effective  pressure,  suitably  corrected  for  the  com- 
pression-ratio, gives  a  fairly  true  comparison  at  all 
events  in  the  case  of  engines  of  generally  similar  type 
and  size. 

It  may  be  argued  that  to  reckon  the  thermal  efficiency 
of  an  engine  by  its  air  consumption  is  of  academic  inter- 
est only,  and  that  it  is  the  efficiency  on  fuel  consumption 
alone  that  is  of  any  practical  or  commercial  value.  Such 
an  argument  is,  however,  fallacious;  if  it  can  be  shown 
that  an  engine  consumes  its  air  efficiently,  then  it  is 
essentially  an  efficient  engine,  and  to  render  it  efficient 
also  on  fuel  is  purely  a  matter  of  carburetion  and  distri- 
bution. 

APPENDIX  4 
Internal  Energy  of  xhe  Working  Fluid 

Some  years  ago  the  Gaseous  Explosions  Committee  of 
the  British  Association  prepared  a  curve  showing  the 
total  internal  energy  of  the  working  fluid  comprising  the 
products  of  combustion  of  an  air-gas  mixture  over  a 
wide  range  of  temperature.  This  curve  was  constructed 
after  a  very  careful  analysis  of  all  the  reliable  investiga- 
tions available  at  the  time.  It  would  appear,  however,  in 
the  light  of  more  recent  knowledge,  that  the  change  in 
apparent  specific  heat  at  the  higher  temperatures  has 
been  somewhat  over-rated ;  also  it  is  applicable  only  to  a 
mixture  of  coal  gas  and  air,  the  characteristics  of  which 
differ  considerably  from  those  of  an  air-gasoline  mixture. 

From  the  results  of  Tizard  and  Pye's  investigations, 
it  becomes  possible  to  construct  a  similar  curve  for  a 
gasoline-air  or  benzene-air  mixture.  Such  a  curve  is 
shown  in  Fig.  32  and  is  probably  about  as  accurate  as  the 
present  state  of  knowledge  will  permit.  From  such  a 
curve,  and  by  making  certain  assumptions,  it  is  possible 
to  deduce  the  temperature  of  the  working  fluid  at  almost 
any  point  in  the  cycle.  Fig.  32  shows  a  graphic  con- 
struction by  which,  once  the  heat  of  combustion  of  the 
fuel  and  the  thermal  efficiency  are  known,  the  range  of 
temperature  throughout  the  expansion-stroke  can  be  de- 
termined with  a  fair  degree  of  accuracy.  In  the  con- 
struction of  such  a  graph  and  to  keep  it  reasonably  appli- 
cable to  a  wide  range  of  conditions,  it  is  necessary  to 
compromise  to  some  extent  and  to  take  mean  values. 

Thus,  the  energy  curve  shown  applies  strictly  only  to 
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a  benzene-air  complete-combustion  mixture  at  a  comp 
ratio  of  5  to  1.     However,  the  effect  of  a  change  in 

the  compression-ratio  is  negligible  within  the  limits  used 
on  the  constant-volume  cycle:  as  is  the  effect,  also,  oi 
placing  benzene  by  any  other  hydrocarbon  fuel.  It'  used 
for  a  fuel  such  as  alcohol  or  ether,  however,  the  error 
becomes  appreciable,  owing  to  the  different  specific  heat 
of  the  products  of  combustion.  For  the  same  reason,  the 
curve  does  not  apply  to  mixtures  which  are  either 
maker  or  richer  than  the  chemically  correct  mixture, 
although  here  again  the  divergence  small  within 

the  range  available  with  a  homogeneous  mixture. 

In  Fig.  :V2,  the  internal  energy  curve  is  plotted  in 
terms  of  British  thermal  units  per  standard  i 
inch  on  a  vertical  scale,  against  the  temperature  on  a 
horizontal  scale.  The  other  full-line  curve  shows  the 
energy  present  as  heat,  so  that  the  difference  between 
the  two  curves  shows  the  chemical  energy  stored  in  the 
products  of  dissociation.  Zero  energy  is  taken  at  100 
deg.  cent.  (212'deg.  fahr.)  as  being  an  average  tempera- 
'ture  at  the  beginning  of  compression.  Variations  in  this 
temperature  will  have  but  little  influence.  The  explana- 
tion given  below  of  the  use  of  the  diagram  is  supple- 
mented by  an  example  worked  out  for  the  following  data, 
the  construction  lines  of  the  example  being  shown  clotted 
in  Fig.  32. 

<  !ompression-ratio,  R,  =  5  to  1 

Energy  i  ontent  =  46.2  B.t.u.  per  cu.  in. 

Heat  loss  during  combustion  =  6  per  cent 
Heat  loss  during  expansion    =  6  per  cent 

There  are  three  factors  in  an  actual  engine  which 
modify  the  temperature  attained  by  the  combustion  of  a 
mixture  of  any  given  energy  content.    They  are  the 

(  1  I    Heat  put  into  the  mixture  by  compression 

(2)  Loss  due  to  cooling  by  the  walls  of  the  combustion- 
chamber  during  combustion 

(3)  Effective  weakening  of  the  mixture  due  to  dilution 
with  the  residual  exhaust  products 

Factor  i  1  i  is  allowed  for  by  laying  off  the  heats  of 
compression  for  various  ratios  by  the  marks  "R  5," 
etc.,  on  the  line  P  P,  near  the  bottom  of  the  diagram. 
The  energy  content  is  then  marked  off  above  this  on  the 
vertical  line  O,  }',  representing  the  100  deg.  cent.  (212 
deg.  fahr.)  starting-point.  In  the  example,  the  46.2  B.t.u. 
energy  content  is  laid  off  above  the  3.6  B.t.u.  of  compres- 
sion, making  a  total  of  49.8  B.t.u.,  this  being  the  gross 
energy  content  from  which  the  losses  due  to  factors  2 
and  (3)  must  be  deducted.  This  is  done  in  the  following 
manner: 

On  the  horizontal  scale  C  is  marked  the  effective  energy 
due  to  dilution  with  residual  exhaust,  assumed  to  be 
at  1000  deg.  cent.  C1832  deg.  fahr.).  Scale  E  shows  the 
percentage  loss  due  to  cooling  during  combustion.  This 
is  laid  off  at  any  figure  which  previous  experience  shows 
robable  for  the  type  of  combustion-chamber  in  ques- 
tion; this  is  6  per  cent  in  the  example.  A  line  is  then 
drawn  between  these  two  points,  and  the  point  of  inter- 
section of  this  line  with  the  scale  D  gives  the  total  per- 
centage loss  due  to  these  two  causes;  this  is  11.5  per 
cent  in  the  example. 

To  transfer  this  to  the  diagram,  a  line  is  dropped  ver- 
tically from  the  above  intersection  point.  Another  line 
Is  drawn  from  the  point  on  the  line  O,  F,  giving  the 
gross  British  thermal  units  per  cubic  inch  to  the  suitable 
compression  point  on  the  line  P  I' ,  and  representing  100 
per  cent  on  scale  D :  this  is  49.8  B.t.u.  per  cu.  in.  in  the 
example.  From  the  intersection  of  the  above  two  lines, 
a  horizontal  line  is  run  to  the  energy  scale  on  one  side. 
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and  the  energy  curve  on  the  other.  The  point  on  the 
energy  scale  shows  the  net  energy  available  for  expan- 
sion; it  is  44.5  B.t.u.  per  cu.  in.  in  the  example.  From 
the  energy-temperature  curve,  the  actual  flame  tempera- 
ture can  be  read  off;  this  is  2475  deg.  cent.  1187  deg. 
fahr. )  in  the  example. 

The  drop  in  temperature  during  the  expansion-stroke 
depends  on  the  two  factors  of  (a),  external  work  done 
and  (6)  heat  loss  to  the  walls.  The  net  power  output  is 
given  as  a  percentage  of  the  heat  content  of  the  mixture 
on  scale  F,  the  formula  used  being  n  =  1  —  (1/R) 
This  covers  all  dissociation  and  similar  effects,  but  not 
wall  losses.  The  wall  loss  during  expansion  is  laid  off  on 
scale  E.  A  line  drawn  between  these  points  gives  their 
sum  on  scale  D  as  before.  A  perpendicular  from  this 
point  is  dropped  to  meet  a  line  from  the  net-energy  point 
on  O,  1',  to  the  suitable-compression  pcint  on  the  line 
PPr  As  the  gross  work  done  during  expansion  is  the 
sum  of  the  net  work  mentioned  above  and  the  compres- 
sion work,  this  latter  amount,  which  is  3.6  B.t.u.  in  the 
example,  must  be  laid  off  belcw  the  above  intersection 
point,  to  find  the  energy  content  at  the  end  of  expansion, 
which  is  24.5 'B.t.u.  in  the  example.  The  corresponding 
final  temperature,  1675  deg.  cent.  (3047  deg.  fahr.)  in 
the  example,  can  then  be  read  off  from  the  energy  curve. 

Taking  an  actual  example  from  the  variable-compres- 
sion-engine data,  with  a  correct  mixture  of  an  energy 
content  of  46.2  B.t.u.  per  cu.  in.  and  a  compression-ratio 
of  5  to  1,  the  actual  maximum  flame-temperature,  as  ob- 
tained from  the  above  diagram  in  Fig.  32,  allowing  for 
the  additional  heat  of  compression,  the  wall  loss  during 
combustion  and  the  dilution  by  residual  exhaust  products, 
will  be  2475  deg.  cent.  f4487  deg.  fahr.),  corresponding 
to  an  energy  content  of  44.5  B.t.u.  per  standard  cu.  in. 
At  a  ratio  of  5  to  1,  the  observed  indicated  thermal  effi- 
ciency is  31  per  cent;  of  this,  5  per  cent  is  due  to  the 
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change  in  specific  volume  of  the  mixture,  so  that  the  heat 
drop  is  46.2  x  31  x  100/105  =  13.6  B.t.u.  per  cu.  in.  Add 
to  this  the  3.6  B.t.u.  of  compression  work  restored  during 
expansion,  and  the  6  per  cent  of  46.2  or  2.8  B.t.u.  of  wall 
loss  during  expansion,  and  the  total  heat-drop  during  ex- 
pansion becomes  20.0  B.t.u.  per  cu.  in.,  leaving  a  final 
energy  content  of  24.5  B.t.u.  per  cu.  in.  which,  it  will  be 
observed,  coincides  with  the  figure  found  in  the  example 
under  the  same  conditions.  The  corresponding  final  tem- 
perature is  1675  deg.  cent.  (3047  deg.  fahr.). 

While  affecting  the  final  temperature  directly,  it  should 
be  observed  that  the  loss  of  heat  during  expansion  has 
only  a  slight  influence  on  the  actual  efficiency;  this  has 
been  ignored  in  the  construction,  because  much  of  it  is 
lost  late  in  the  expansion-stroke  where  its  value  is  less. 
Another  slight  error  allowed  to  remain  in  the  construc- 
tion, for  the  sake  of  simplicity,  is  that  a  percentage  of 
the  net  heat  available  during  combustion  is  deducted  for 
the  jacket  loss  during  expansion;  whereas  this  is  given 
as  a  proportion  of  the  total  heat  available  in  the  fuel. 
The  error  due  to  this  cause  is  however  very  small,  being 
in  the  case  considered  2.8  [(46.2  —  44.5)  -^44.5]  =  0.11 
B.t.Uf  per  cu.  in.,  and  can  be  ignored  safely. 

APPENDIX  5 

Influence  of  Compression-Ratio  Upon  Power  Output 
and  Efficiency 

The  influence,  both  theoretical  and  observed,  of  the 
compression-ratio  upon  thermal  efficiency  has  been  dealt 
with  in  the  main  portion  of  the  paper  and  Table  3 
gives  both  Tizard  and  Pye's  deductions  and  the  observed 
figures  over  a  range  from  4.0  to  1  up  to  7.5  to  1.  The 
outstanding  feature  of  all  of  the  experiments  has  been  the 
exceedingly  close  agreement  between  the  theoretical  and 
the  observed  thermal  efficiencies  throughout  practically 
the  whole  range  with  the  exception,  perhaps,  of  the  lower 
compressions  where  the  observed  efficiency  is  somewhat 
lower  than  would  be  expected.  As  regards  power  output, 
however,  there  is  very  marked  divergence  between  the 
observed  and  the  theoretical  results,  because  the  indi- 
cated mean  effective  pressure  does  not  rise  with  increase 
of  compression  at  anything  approaching  the  rate  at  which 
one  might  expect.  It  is  obvious  that,  if  all  mechanical 
and  temperature  conditions  remain  constant,  the  in- 
crease in  both  efficiency  and  powder  output  with  an  in- 
crease of  compression  must  also  be  the  same,  unless  the 
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volumetric  efficiency  undergoes  some  change.  That  the 
mechanical  conditions  remain  unaltered  is  certain,  for 
the  change  in  compression  is  effected  by  raising  or  lower- 
ing the  whole  cylinder  together  with  its  overhead  cam- 
shaft, carbureter,  induction  pipe  and  ignition  gear ; 
while,  as  to  the  temperature  conditions,  the  only  respect 
in  which  they  can  alter  appreciably  is  that  the  exhaust- 
valves  are  somewhat  cooler  at  the  higher  compression- 
ratios.  In  fact,  as  shown  in  Appendix  8,  the  total  heat- 
flow  to  the  cylinder  walls  is,  if  anything,  slightly  lower 
at  the  higher  compression-ratios.  Therefore,  such 
changes  of  temperature  as  can  occur  will  tend  to  increase 
the  weight  of  charge  retained  in  the  cylinder,  if,  indeed, 
they  are  of  sufficient  magnitude  to  have  any  appreciable 
influence.  Despite  this,  however,  the  volumetric  effi- 
ciency has  been  found  to  fall  rapidly  with  increase  of 
compression.  The  reason  for  this  is  still  very  obscure. 
If  it  occurred  at  one  speed  only  it  might  be  attributed  to 
resonance  or  other  effects  in  the  pipe  work  or,  as  W.  S. 
James  suggested  to  me,  to  the  greater  depression  in  the 
cylinder  at  the  moment  when  the  inlet-valve  first  opens. 
Observations  at  widely  varying  speeds  have  shown,  how- 
ever, that  the  change  in  volumetric  efficiency  is,  in  fact, 
substantially  the  same  at  all  speeds;  and  recent  experi- 
ments, carried  out  at  the  Royal  Aircraft  Establishment  on 
another  engine  in  which  the  compression  could  be  varied 
by  inserting  packing-pieces  under  the  cylinder,  have  given 
similar  results.  Further,  the  general  experience  with 
aircraft  engines  has  shown  that,  while  the  use  of  a  high 
compression-ratio  greatly  increases  the  efficiency,  the 
gain  in  power  output  is  much  less  marked. 

Fig.  33  shows  the  variation  both  in  thermal  efficiency 
and  in  mean  effective  pressure  as  observed  over  a  range 
of  compression  from  3.75  to  1  up  to  7.5  to  1.  The  fuel 
used  in  this  instance  was  99-per  cent  ethyl  alcohol,  this 
being  chosen  as  one  of  the  few  which  could  be  used  safely 
at  the  highest  compression-ratio.  As  explained  previ- 
ously, the  efficiency  and  power  output  on  this  fuel  are 
both  somewhat  higher  than  on  gasoline  or  benzol.  Within 
their  safe  limits,  however,  all  of  the  other  fuels  tested 
have  shown  precisely  the  same  characteristic  variation. 
Fig.  34  shows  the  correction  curves  in  terms  of  percent- 
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which  can  be  deduced  from  the  observed  results  as 
shown   ill 

Further  tests,  with  the  air-measuring  device  in  use, 
have  shown  that  as  the  compression-ratio  is  raised  the 
ht  of  air  per  cycle  is  reduced  to  an  extent  thai  ac- 
cactly  for  the  discrepancy.    The  pr< 
this  change  in  volumetric  efficiency  still  remains 
what  of  a  mystery,    it  [s  possible  to  produce  several 
jible  arguments  to  account  for  an  increase  in  \ 
metric   efficiency   with    increase  of  compression,    but 
■it  for  a  decrease  is  much  more  difficult. 

APPENDIX  6 
Influence  of  Cylinder  size  on  Performance 

The  comparative  figures  Riven  in  Table  10  may  be  of 
Thej  are  taken  from  three  single-cylinder 

experimental  engines,  all  of  them  being  similar  in  that 

They    had   valves    fitted   directly    in   the    cylinder- 
heads 
1 2  >   They  had  precisely  the  same  valve-opening  diagram 

The  speed  chosen  for  comparative  purposes  in.  all 
eases  is  that  at  which  the  mean  gas-velocit] 
through  the  inlet-valves  is  130  ft.  per  sec,  ami 
through  the  exhaust  150  ft.  per  sec. 
(Ii  All  three  engines  were  fitted  with  aluminum 
slipper-type  pistons  of  similar  design 

The  compression-ratio   in   all   cases  was  4.8   to    1. 
and  the  fuel   used  was  American  aviation  gasoline 

TABLE  10 — COMPARISON  BETWEEN  SINGLE-CYLINDER 
EXPERIMENTAL  ENGINES 

Engine  A   Engine  B   Eng 


Bore.  In. 

i  50 

B  00 

Slrol. 

I  so 

S.00 

11.00 

•  wer 

•  m 

1,750 

ad,  ft    per  mln. 

1,166 

S3 

86 

88 

Hi        Directive  Pressure, 

lb.  per  sq    In. 

114 

126 

135 

Indicated   Mean  Effective  Pres- 

sure, lb.  per  sq.  in. 

153.0 

Fuel  Consumption. 

■  r  b.lip-hr 

0..M3 

0.506 

Fuel  Consumption, 

lb.  per  l.hp-hr. 

0.451 

0.435 

0.416 

T     rmal  Efficiency, 

I   '  ent 

24.8 

26.4 

28.2 

Indicated  Thermal   Efficiency, 

•  ent 

29.6 

30.8 

tive  Efficiency,  per  cent 

63.5 

66.1 

68. 7 

From  these  results  it  is  possible  to  arrive  at  an  ap- 
proximate correction-figure  for  cylinder  capacity  some- 
what as  shown  in  Fig.  35.     This  must  not  be  taken  too 
usly,  for  to  generalize  from  the  results  of  only  three 
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Cylinder  Capociry,cu  in. 

Fie.  3" — Correction  Curves  for  Cylinder  Capacity 


engines  not  entirely  similar  would  be  very  unsafe,  even 
though  much  other  corroborative  evidence  has  been  found 
in  support  of  the  relationship  Bhown  in  this  figure. 

V.PPENDIX  7 

Influence  of  Cylinder  Temperature  on  Power 
Output 

Under  full-load  conditions,  the  indicated  horsepower 
rises  as  the  temperature  of  the  cylinder  is  reduced,  due 
to  the  increase  in  the  volumetric  efficiency.  In  the  case 
of  our  variable-compression  engine,  which  is  a  fairly 
normal  example,  direct  measurements  of  volumetric  effi- 
ciency have  shown  that  the  weight  of  charge  falls  0.5  per 
cent  for  every  10-deg.  cent.  (18-deg.  fahr.)  rise  of 
mean  water  temperature.  It  may  be  deduced  from  this 
that  the  rise  in  temperature  of  the  air  entering  the 
cylinder  in  this  particular  engine  amounts  to  approxi- 
mately one-sixth  of  the  temperature-difference  between 
the  air  and  the  circulating  water  over  the  range  from  30 
to  90  deg.  cent.  (.86  to  194  deg.  fahr.).  Whether  the 
brake  horsepower  increases  or  decreases  with  the  cylin- 
der-jacket temperature  depends  almost  solely  upon  the  pis- 
ton design.  With  the  ordinary  trunk  piston  having  large 
areas  of  surface  in  contact  with  the  cylinder  walls,  the 
influence  of  the  viscosity  of  the  oil  upon  piston  friction  is 
such  that,  despite  the  decrease  in  the  indicated  horse- 
power with  hot  jacket-water,  the  brake  horsepower  rises 
or,  in  other  words,  with  a  cold  cylinder  barrel,  the  in- 
creased friction  more  than  counterbalances  the  increase 
in  indicated  power. 

With  a  very  light  slipper  piston,  such  as  is  fitted  to  our 
variable-compression  engine,  the  brake  horsepower  rises 
very  slightly  as  the  temperature  of  the  jacket  water  is 
reduced.  With  crosshead  pistons,  such  as  were  used  in 
the  tank  engines,  the  brake  horsepower  almost  invariably 
rose  by  about  2  per  cent  when  the  mean  jacket  tempera- 
ture was  reduced  from  80  to  30  deg.  cent.  (176  to  86  deg. 
fahr.),  or  very  nearly  in  proportion  to  the  increase  in 
indicated  power  over  the  same  temperature  range. 

APPENDIX  8 
Distribution  ok  Heat  in  a  High-Speed  Engine 

The  following  test  results  show  the  observed  distribu- 
tion of  heat  in  our  variable-compression  engine  under 
various  conditions  of  operation.  Since  they  were  taken 
in  circumstances  that  make  for  a  very  high  degree  of 
accuracy,  and  under  a  fairly  wide  range  of  conditions, 
they  are  perhaps  of  some  interest.  With  the  exception 
iif  the  tests  on  hydrogen,  when  the  power  was  controlled 
by  reducing  the  fuel  supply  and  therefore  the  flame  tem- 
perature, there  is  nothing  novel.  In  all  cases,  except  with 
hydrogen,  the  tests  were  made  at  a  mixture  strength 
ranging  from  5  to  10  per  cent  weak.  The  tests  were 
carried  out  in  three  groups.  Group  A  comprised  tests  at 
a  constant  compression-ratio  and  constant  fuel-air  ratio, 
but  with  varying  speed,  on  two  fuels;  also,  one  s'eries  of 
tests  at  a  higher  compression  ratio.  Group  B  included 
tests  at  constant  compression-ratio,  constant  fuel-air 
ratio  and  constant  speed,  but  with  the  mean  effective 
pressure  varied  by  throttling,  on  two  fuels.  Group  C  was 
composed  of  tests  at  constant  compression-ratio  and  con- 
stant speed,  but  with  the  mean  effective  pressure  varied 
by  varying  the  fuel-air  ratio  as  in  a  Diesel  engine;  hydro- 
gen gas  being  used  as  fuel  in  this  instance.  In  all  cases 
the  following  precautions  were  observed: 

(1)    The  circulating  water  was  maintained  at   a  con- 
stant temperature  of  60  deg.  cent.,  plus  or  minus 
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2  deg.  cent.  (140  deg.  fahr.,  plus  or  minus  3.6  deg. 
fahr.) 

(2)  The  heat-input  to  the  carbureter  was  adjusted  to 
bear  a  constant  proportion  to  the  weight  of  fuel 
consumed,  except  in  the  case  of  hydrogen  when  the 
carbureter  was  unheated 

(3)  In  Groups  A  and  B,  the  fuel-air  ratio  in  all  cases 
was  such  as  to  give  approximately  10  per  cent 
excess  of  air  over  that  required  for  complete  com- 
bustion of  the  fuel,  the .  air  consumption  being 
measured  and  adjusted  in  each  case 

(4)  No  readings  were  recorded  until  all  temperature 
conditions  had  been  stabilized  for  a  considerable 
period  after  each  change  of  state 

The  amount  of  heat  dissipated,  to  the  exhaust,  by  radi- 
ation and  the  like,  is  arrived  at  by  difference  in  each 
case. 

In  all  cases  the  indicated  thermal  efficiency  can  be 
taken  as  accurate  to  within  about  0.5  per  cent,  and  the 


TABLE      11 — TESTS     SHOWING     HEAT     DISTRIBUTION      IN     A 
HIGH-SPEED    INTERNAL-COMBUSTION    ENGINE 

Group  A — Compression-Ratio,  3.8  to  1  ;  Fuel,  95-Per  Cent 
Ethyl  Alcohol 

Engine  Speed,  r.p.m,                            975  1,300  1.500 

Piston  Speed,  ft.  per  min.               1,300  1,733  2,000       2,266 
Heat   to    Indicated   Horsepower, 

per  cent                                                  26.9  27.0         26.9         2  F.O 

Heat  to  Cooling  Water,  per  cent       25.1  24.7         24.4         24.2 
Heat     to     Exhaust,     Radiation, 

etc..  per  cent                                         4S.0  48.3         4S.7         48. S 


Total  Heat,  per  cent 


100.0       100.0       100.0       100.0 


Group  A — Compression-Ratio,   3.S  to  1  ;  Fuel,  Grade  A 
Gasoline 
Engine  Speed,  r.p.m.  975 

Piston  Speed,  ft  per  min.  1,300 

Heat  to  Indicated  Horsepower, 

per  cent  2. ".9     . 

Heat  to  Cooling  Water,  per  cent       30.4     . 
Heat     to     Exhaust,     Radiation, 

etc.,  per  cent  43.7    . 


1.500 
2,000 


26.1 

- 


26.1 

27.0 


Total   Heat,   per  cent 


100.0 


Group  A — Compression-Ratio.  7   to  1  ; 
Ethyl  Alcohol 

Engine  Speed,  r.p.m.  975 

Piston  Spe<  d,  ft  per  min.  1,300 
Heat  to    Indicated   Horsepower. 

per  cent  37.6 

Heat  to  Cooling  Water,  per  cent  25.4 
to     Exhaust,     Radiation, 

etc..   per  cent  37.0 

Total  Heat,  per  cent  100.0 


45.9         46.11 
100.0       100.0 
Fuel.   95-P'er  Cent 


1,300 

1,733 

38.1 
24.3 

37.6 

loo.a 


1.500 


' 


100.0 


100.0 


so.o 


■ 


40.0 


34. S 

24.1 

35.0 
26.0 

29  2 

34. S 
33.0 

41.1 

39.0 

35.S 

32.2 

100.0 

100.0 

ioo  o 

100.0 

100.0 


so.o 


60.0 


40.0 


n    B — Thrott'ing    at    Constant    Fuel-Ai'-    Riro         Com- 
pression-Ratio,   5.4.r.   to   1;   Engine   Speed.    1500   r.p.m.;   Piston 
min.:    Fuel,    95-Per   Cent    Ethyl    Aleoho! 
utage    of    Maximum    Indi- 
cated Horsepower 
Heat    to    Indicated   Horsepower. 

per 
Heat  to  Cooling  Water,  per  cent 
to      Exhaust,     Radiation, 
etc.,  per  cent 

Total  Heat,   pel 

Group  B — Compression-Ratio,   5.45   to  1  ;  Engine   Speed,   1500 
r.p.m.;     Piston     Speed.     2000    ft.     per    min.;    Fuel,     Grade  A 

"line 
■    .if   Maximum   Indi- 

H wer 

Heat    to    Indicated    Horsepower, 
per  cent 

to  Cooling  Water,  per  cent 
Heat     to     Exhaust,     Radiation, 
per  cent 

Total   Heat,  per  cent 

,;i     C — Mean      Effective     Pressure     Varied     by     Varying 
Fuel-Air    Ratio   from    15    Per    Cent    Exci  Upward; 

■ion-Ratio,  5.45  to  1  ;  Engine  Speed,  1500  r.p.m.  ;  Pis- 
ton Speed,   2000  ft.  per  min. ;  Fuel,  Hydrogen 
Percentage    of    Maximum    Indi- 
id   Horsepower 
to    Indicated   Horsepower, 

■  Water,  per  cent 
to     Exhaust,     Radiation, 
etc.,  per  ■ 

Total   Heat,  per  cent 


33.5 

26.5 

34.0 
2S  2 

34.1 
31.S 

33.5 

35.5 

40.0 

34.1 

31.0 

100.0 

100.0 

100.0 

100.0 

100.0 


60.0 


40.0 


33.3 

23.6 

2  4.:' 

3S.2 
23.3 

•     40.0 

43.1 

39.5 

36.5 

31.4 

100.0 

100.0 

100.0 

100.0 

heat  to  cooling  water  to  within  1  per  cent.  Also,  in  all 
cases  the  heat  produced  by  piston  friction  and  that  lost 
by  radiation  balanced  at  approximately  1500  r.p.m.  The 
water  temperature  at  which  the  readings  were  taken  was 
that  which  the  cylinder  attains  when  motored  continu- 
ously at  1500  r.p.m.;  that  is,  45  or  60  deg.  cent.  (.113  or 
140  deg.  fahr.)  above  atmospheric  temperature. 

APPENDIX  9 
Efficiency  Under  Reduced  Loads 

Tests  made  recently  on  our  single-cylinder  research- 
engine  have  shown  that,  as  the  load  is  reduced  by  throt- 
tling and  with  the  ignition  set  to  give  the  best  results 
on  full  load,  the  fuel  consumption  per  indicated  horse- 
power-hour increases  slightly  as  the  load  is  reduced,  but 
that  if,  at  each  throttle-opening,  the  ignition  timing  is 
advanced  as  the  load  is  reduced,  the  fuel  consumption  per 
indicated  horsepower-hour  remains  substantially  con- 
stant throughout  the  range  from  30  to  100  per  cent  of 
full-load  torque. 

The  same  procedure  was  adopted  in  all  these  tests,  and 
a  very  large  number  have  been  made  on  different  fuels; 
that  is,  at  each  throttle-opening  the  whole  range  of  mix- 
ture strength  was  explored.  The  circulating  water  was 
maintained  throughout  at  the  same  temperature.  The 
heat-input  to  the  carbureter  was  maintained  propor- 
tional to  the  load;  that  is,  at  full  load  the  heat-input  was 
at  the  rate  of  65  B.t.u.  per  min.,  at  one-half  load  32.5 
B.t.u.  per  min.,  and  so  on.  Also,  at  each  throttle  posi- 
tion the  mechanical  losses  were  measured  at  intervals 
by  motoring.  This  was  done  by  switching  off  the  ignition 
and  changing  over  the  armature  circuit  of  the  dynamom- 
eter simultaneously,  the  combined  operation  taking  less 
than  1  sec,  and  being  effected  without  any  appreciable 
change  in  speed. 


*°! 1 1 J 1 1 ! 

Compmsion  Ratio  ofltoJ__A!cohol95_PerCenf_ 

I— ' t~  T  ~1    .ncPerCcnL — * 


50  60  70 

MaxjmuTuTorquejpercent 
Fig.  36 — Power  and  Thermal  Efficiency  Curves  for  a  Throttled 
Engine    Using    Gasoline    and    95    Per    Cent    Ethyl    Alcohol   at 
Various  Compression-Ratios 

In  Fig.  36,  full-line  curves  show  the  results  obtained 
with  fixed  ignition  and  the  dotted  curves  give  results 
with  the  ignition  adjusted  for  each  change  in  load,  in 
both  cases,  at  three  different  compression-ratios,  on 
gasoline  and  alcohol.  The  former  condition,  with  fixed 
ignition,  is  probably  the  only  practical  one,  but  the  sub- 
stantial gain  in  efficiency  effected  by  advancing  the  spark 
when  operating  on  light  loads  is  very  noticeable.  There 
is,  of  course,  nothing  novel  in  such  experiments  except 
that  they  were  carried  out  under  conditions  that  insured 
an  unusual  degree  of  accuracy. 

the  discussion- 
Chairman  H.  M.  Crane: — I  hope  that  the  members 
have  some  realization  of  the  debt  we  owe  Mr.  Ricardo  for 
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this  paper.    Many  of  us  have  prepared  papers  of  our  own 
and,  even  when  we  have  the  facts  available,  the  mere 
them  into  a  synopsis  of  this  kind  requires 
a  gr<  and  much  time,  especially  when  it  is  done 

with  the  care  that  has  been  used  in  this  instance.  The 
lem  of  distribution  is  brought  out  in  this  paper. 
result  of  Mr.  Ricardo's  test  indicates  the  desira- 
bility of  maintaining  a  fairlj  close  ratio  of  gas  to  air 
to  obtain  the  besl  results.  It  is  very  evident  that  this 
cannot  be  done  in  a  multi-cylinder  engine  without  secur- 
ing the   most   perfect    possible  distribution   of   the   fuel 

ire. 

C.  P.  Grimes:  1  appreciate  especiallj  Mr.  Ricardo's 
discussion  of  fuel  conditions  on  the  cylinder  wall  and 
turbulence.  1  made  a  long  series  of  tests  upon  some 
cylinders  in  which  I  could  control  and  measure  these 
temperatures  verj  accurately.  My  ideal  was  to  obtain 
more  power  and  economy  from  a  given  bore  and  stroke. 
increased  very  rapidly  with  the  tempera- 
ture, up  to  a  550-deg.  t'ahr.  temperature  of  the  combus- 
tion-chamber  wall.  This,  1  think,  bears  out  very  clearly 
.Mr.  Ricardo's  explanation  of  the  reason  for  desiring 
turbulence,  to  take  the  fuel  from  the  cool  cylinder  wails 
and  mix  it  with  the  other  portions  of  the  charge.  I  feel 
,:u  that  the  fuel  economy  I  obtained  came  from 
heating  these  walls  hot  enough  to  vaporize  the  fuel  from 
them  with  what  little  turbulence  existed. 

In  1912  a  car  ran  to  California  and  back  and  employed 
kerosene  as  fuel.  The  products  of  combustion  were  used 
in  the  carbureter  instead  of  utilizing  moisture  as  had 
been  done  previously.  I  have  found  tractor  builders 
in  favor  of  such  usage  but  they  experience  the  same 
result  expressed  by  Mr.  Kicardo,  in  that  only  about  80 
per  cent  of  the  power  is  realized.  Maximum  economy 
usually  is  assured  by  15  per  cent  of  excess  air.  I  suppose 
this  is  for  the  purpose  of  supplying  excess  oxygen  to 
those  few  fuel  particles  that  do  not  utilize  it  readily. 
The  introduction  of  exhaust  gases  reduces  the  volume 
of  the  active  charge.  I  should  think  this  would  cancel 
the  benefit  derived  from  the  15  per  cent  of  excess  air 
on  account  of  the  increased  dilution.  I  have  been  able 
to  get  economy  and  power  by  decreasing  the  compression 
and  increasing  the  cylinder-head  temperature.  These 
results  are  at  variance  with  some  of  Mr.  Ricardo's  re- 
marks; however,  they  cover  months  of  experiment  and 
seem  to  be  trustworthy. 

I  agree  with  Mr.  Ricardo  on  the  sensitiveness  of  pres- 
sure. We  ran  an  engine  for  1  hr.  at  2250  r.p.m.  with 
varying  throttle  positions.  Toward  the  last  we  had  a 
yoke  suction  of  5.03  in.  of  mercury,  with  the  throttle 
about  full-open.  At  the  end  of  20  min.  of  running  at 
that  position  we  opened  the  throttle  wide.  The  cylinder- 
head  temperature  had  been  554  deg.  fahr.  but,  when  we 
moved  the  throttle  the  very  small  amount  required  to 
make  it  wide-open,  the  yoke  suction  was  reduced  about 
0.03  in.  of  mercury,  the'  cylinder-head  temperature  in- 
creased to  570  and  then  to  597  deg.  fahr.  and  preigni- 
tion  started. 

R.  E.  Wilson  : — Mr.  Ricardo  has  brought  out  one  very 
important  point  in  emphasizing  the  fact  that  pressure  is 
a  more  important  item  than  temperature  in  causing  deto- 
nation. Others  have  brought  out  the  same  point,  but 
Mr.  Ricardo  has  suggested  that  the  chemist  claims  that 
pressure  could  not  influence  the  rate  of  a  chemical  reac- 
tion principally.  As  a  chemist,  I  emphatically  disagree 
with  that.  It  is  a  well-established  law,  both  from  a 
purely  theoretical  standpoint  and  from  many  practical 
experiments,  that  although  pressure  has  no  effect  on 
the  rate  of  a  reaction  in  the  liquid  state,  where  the  mole- 


cules can  i  'Mi   inn.  h  more  clo  elj   I  ogel  her,  the 

increase  of  pressure  in  gases  eatly  increase  the 

rate  of  a  reaction  by  bringing  the  molecules  more  closely 
her.     The  law  has  been  worked  out  very  carefullj 

aid  r  has  icon  proved  that  the  rati'  of  reaction  is  pro- 
portional to  the  product  of  the  partial  pressures  of  all 
the  molecules  reacting,  whatever  the  initial  or  slowest 
step  in  the  reaction  is.  In  a  reaction  like  this  we  have 
a  great  many  molecules  of  oxygen,  and  a  single  molecule 
of  fuel.  However,  the  slow  step  in  the  reaction  would 
probably  be  to  get  the  first  molecule  or  two  of  oxygen  in. 
Unfortunately,  we  do  not  know  what  that  slow  reaction 
is  but,  if  we  assume  that  two  molecules  of  oxygen  and 
rule  of  fuel  must  combine,  then  the  rate  of 
reaction  would  increase  approximately  as  tin-  ruhi  of  the 
pressure.  In  other  words.  Mr.  Ricardo  has  mentioned 
that  increasing  from  4  to  6  atmospheres  would  mean  an 
increase  of  50  per  cent  in  the  pressure,  but  an  increase 
of  about  340  per  cent  in  the  rate  of  reaction  from  a 
theoretical  standpoint,  which  is  a  much  larger  increase 
than  one  would  expect  from  temperature.  If  we  add  to 
this  the  increase  we  get  due  to  the  higher  temperature 
only,  and  also  the  increase  due  to  having  a  smaller  quan- 
tity of  exhaust  gases  present,  both  of  which  are  real 
factors,  I  think  we  can  explain,  almost  on  a  quantitative 
basis,  the  speeding  up  of  the  rate  of  flame  propagation 
at  the  higher  pressures.  But  the  pressure  itself  is  prob- 
ably the  most  important  single  factor  of  those  three, 
although  the  other  two  enter  also. 

Thomas  Midqley,  Jr.: — The  original  report  of  the 
du  Pont  de  Nemours  Co.  presented  the  results  of  some 
work  that  was  done  in  photographing  the  velocity  of 
flame  travel  and  the  influence  of  pressure.  The  conclu- 
sion it  reaches  is  as  follows: 

The  investigation  of  the  effect  of  increased  initial 
pressure  proved  most  unsatisfactory,  as  this  work  was 
attempted  before  the  bomb  was  made  gas-tight  through 
sealing  the  window  by  gaskets.  The  leakage  made  it 
impossible  to  control  the  pressures  accurately  and,  as  a 
result,  good  checks  could  not  be  obtained.  The  photo- 
graphs obtained  of  the  10  and  15-per  cent  acetylene- 
air  mixtures,  respectively,  under  initial  pressures  of 
T'j.  15  and  30  lb.  gage,  seem  to  show  approximately  a 
20-per  cent  increase  in  the  rate  of  propagation  with 
an  increase  of  2  atmospheres  in  initial  pressure,  while 
the  arrest  in  the  flame  is  slightly  lowered. 

This  means  the  total  time  in  which  the  whole  reaction 
occurred.  The  photographs  show  unmistakably  a  great 
rise  in  the  initial  rate  of  combustion  due  to  the  effect 
of  the  pressure.  In  further  discussion  of  this  point  and 
the  interesting  conclusions  drawn  by  Mr.  Ricardo  as  to 
the  reason  the  knock  is  less  at  reduced  pressures,  will 
Mr.  Ricardo  explain  the  behavior  of  an  aviation  engine 
that  is,  in  effect,  going  up  in  the  air  in  the  altitude 
chamber?  Under  those  conditions  the  percentage  of  the 
diluent  with  wide-open  throttle  is  identically  the  same, 
irrespective  of  the  altitude,  and  it  is  a  well-known  fact 
that  the  detonation  dies  out  with  the  decrease  of  the 
barometric  pressure.  Also,  will  Mr.  Ricardo  give  us  a 
better  picture  of  what  he  believes  the  phenomena  of 
detonation  to  be?  I  believe  he  has  not  stated  clearly 
just  what  he  has  in  mind ;  I  should  like  him  to  recapitu- 
late more  definitely  what  his  conclusions  are  with  regard 
to  detonation,  and  state  whether  what  he  has  said  is 
merely  an  opinion  or  whether  he  has  substantiating  data. 
If  he  has  substantiating  data,  I  ask  him  to  present  them. 
He  says  that,  after  the  combustion  proceeds  normally  for 
some  time,  the  gas  in  advance  of  the  flame-front  is  com- 
pressed to  a  point  where  it  ignites  spontaneously  and 
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simultaneously  throughout  its  whole  bulk.  If  this  phe- 
nomenon does  occur,  as  stated,  "spontaneously  and  simul- 
taneously," how  does  this  set  up  an  explosion  wave  and, 
in  turn,  how  can  this  explosion  wave  compress  the  first 
burned  portion  to  much  above  the  temperature  that  would 
be  reached  by  normal  combustion  ? 

I  do  not  see  the  connection  between  the  results  obtained 
from  the  ignition-investigation  device  that  is  described 
and  the  internal-combustion  engine.  Professor  Dixon,  of 
the  University  of  Manchester,  has  done  this  work  in  an 
excellent  manner  and  photographed  the  behavior  of  the 
flame.  Those  photographs  show  conclusively  that  the 
flame  originates  at  one  point,  after  some  little  time,  and 
then  spreads  through  the  whole  mass  much  as  though  it 
had  been  lit  by  a  spark-plug.  In  fact,  Professor  Dixon 
found  nothing  to  correspond  to  detonation  under  those 
conditions.  The  difference  between  this  apparatus  and 
the  apparatus  Professor  Dixon  used  appears  to  be  only 
from  the  mechanical  standpoint.  I  fail  to  understand  how 
conclusions  on  detonation  can  be  drawn  from  photographs 
that  fail  to  show  it. 

E.  R.  Hewitt  : — I  made  a  large  number  of  experiments 
for  the  Bureau  of  Mines  during  the  war  on  the  prema- 
ture-ignition point  of  fuels  with  some  150  samples  of 
various  types  of  gasoline.  The  ignition  point  was  deter- 
mined by  pumping  the  fuel  and  the  proper  amount  of 
air  into  a  small,  200-cu.  cm.  (12.2-cu.  in.),  bomb.  The 
bomb  was  then  dropped  into  molten  solder.  The  solder 
was  heated  sufficiently  to  raise  the  bomb  to  a  predeter- 
mined temperature.  If  the  ignition  took  place  then,  the 
explosion  was  "registered  by  a  safety-valve  and  a  gage. 
By  repeating  this  test  two  or  three  times,  I  could  de- 
termine the  ignition  point  of  any  fuel  within  a  few  de- 
grees, and  there  was  no  possibility  of  any  higher  tem- 
perature than  that  determined  by  the  solder  when  the 
bomb  was  dropped  in.  The  conditions  were  the  same  as 
in  an  engine  because  the  internal  section  of  the  bomb 
was  coated  with  carbon  and  with  oil,  as  it  ordinarily  is  in 
an  internal-combustion  engine.  The  ignition  points 
varied  anywhere  from  640  to  as  high  as  720  deg.  fahr., 
that  of  the  usual  gasoline  being  about  670  deg.  fahr. 

At  times,  the  bomb  would  not  explode.  I  then  drew 
off  the  gases  through  an  exhaust-analysis  apparatus.  To 
my  very  great  astonishment,  I  discovered  that  complete 
combustion  had  taken  place  without  any  rise  of  the  explo- 
sion pressure  whatever.  I  found  this  would  take  place 
in  times  varying  anywhere  from  1  up  to  8  or  10  min.  I 
then  lowered  the  temperature  and  found  that  I  could  get 
complete  combustion  of  a  mixture  of  gasoline  and  air  at 
temperatures  as  low  as  425  deg.  fahr.  This  being  an 
entirely  new  fact  to  me,  I  communicated  it  to  the  Bureau 
of  Mines.  The  chief  chemist,  Dr.  Perdew,  verified  the 
experiments  that  show  that  these  combustions  take  place 
at  the  temperatures  as  given,  and  so  slowly  that  there  is 
no  rise  of  pressure.  This  is  exactly  the  same  phenomenon 
that  Mr.  Ricardo  shows  in  the  diagram  in  which  he  gets 
this  flat  section  where  this  premature  burning  takes  place 
before  the  rise  of  pressure  actually  occurs.  This  seems 
to  me  to  be  a  very  interesting  and  very  significant  phe- 
nomenon in  detonation.  At  times  I  obtained  pressures 
that  ran  as  high  as  700  lb.  per  sq.  in.,  but  the  usual 
pressures  were  about  300  to  500  lb.  per  sq.  in.;  so,  I 
obtained  detonation  in  the  bomb  without  any  ignition 
through  use  of  a  spark-plug,  and  the  flame  wave  must 
have  been  propagated  from  all  sides  at  once.  There 
seemed  to  be  no  reason  the  flame  should  originate  at 
one  point  any  more  than  any  other  point. 

Mr.  Midgley: — It  appears  to  me  that  the  drawing  of 
conclusions  from  the  behavior  of  a  bomb  of  cast  iron  in 


regard  to  what  happens  inside  it  is  less  satisfactory'  than 
actually  seeing  and  photographing  what  takes  place,  which 
latter  method  is  the  one  used  by  Professor  Dixon. 

O.  C.  Berry: — I  am  deeply  appreciative  of  the  paper 
presented  by  Mr.  Ricardo.  We  seldom  have  a  paper 
that  will  exert  so  great  an  influence  on  engineering  in 
this  Country.  Mr.  Ricardo  has  set  a  striking  example 
for  the  Society  in  another  respect  also.  In  too  many 
cases  the  Society  is  looked  upon  as  an  authoritative  body, 
rather  than  as  a  forum.  We  have  too  much  false  dignity. 
We  are  afraid  to  express  our  opinions  on  a  subject  unless 
we  feel  certain  that  we  are  right.  The  best  thinkers 
maintain  a  very  distinct  classification  of  their  ideas. 
Some  things  they  know  for  certain;  and  they  have  defi- 
nite ideas  about  others,  with  an  element  of  speculation  in 
their  conclusions.  We  ought  to  descend  from  any  pos- 
sible pedestal  of  false  dignity  and  be  willing  to  put  be- 
fore other  people  the  things  we  have  thought  about  but 
have  not  settled,  so  that  they  can  be  discussed.  A  com- 
plete answer  will  be  reached  much  more  quickly  than  if 
each  fellow  thinks  about  his  own  problems  all  alone.  I 
have  a  great  admiration  for  the  man  who  has  sufficient 
sporting  spirit  to  put  before  the  thinking  men  of  the 
Country  ideas  that  he  himself  recognizes  are  only  partly 
worked-out.  I  have  a  great  respect  for  Mr.  Ricardo  in 
that  he  has  done  this  in  connection  with  turbulence;  he 
has  admitted  to  all  of  us  that  his  conclusions  are  not  com- 
plete and  that  he  stands  ready  to  change  his  ideas  some- 
what on  the  subject  of  the  effect  of  turbulence  on  detona- 
tion. The  presentation  of  a  paper  of  this  kind  is  the 
finest  piece  of  work  that  a  man  can  do.  I  think  it  should 
be  emulated  to  a  greater  extent  by  the  members  of  the 
Society. 

Mr.  Ricardo's  paper  has  again  brought  to  my  mind  the 
fact  that  we  ought  to  come  to  a  standard  way  of  com- 
puting engineering  data  for  presentation  in  papers  of 
this  kind.  In  reading  this  paper  I  have  found  it  neces- 
sary to  recompute  nearly  all  of  the  results  on  a  different 
basis  so  as  to  make  them  comparable  with  my  own  data. 
The  English  base  their  computations  almost  entirely 
upon  indicated  horsepower,  indicated  mean  effective  pres- 
sure and  the  lower  heat  value  of  the  fuel.  In  this  coun- 
try many  of  us  base  our  computations  and  our  lines  of 
thought  upon  brake  horsepower,  brake  mean  effective 
pressure  and  the  calorimeter  or  higher  heat  value  of  the 
fuel.  It  may  not  matter  which  of  these  methods  we 
choose  as  being  correct,  but  it  appears  to  me  that  en- 
gineers ought  to  decide  upon  either  one  or  the  other  to 
be  used  in  connection  with  their  public  records. 

There  is  a  valid  reason  in  the  mind  of  the  American 
engineer  for  basing  computation  upon  brake  horsepower 
and  brake  mean  effective  pressure,  in  that  these  are 
values  we  all  have.  Some  of  us  cannot  obtain  the  indi- 
cated horsepower  very  accurately.  I  have  tried  to  obtain 
the  friction  horsepower  of  an  engine  by  a  number  of  dif- 
ferent methods,  but  I  cannot  make  the  results  check  as 
closely  as  I  would  like.  From  a  theoretical  and  an  ana- 
lytical viewpoint  it  is  valuable  to  know  the  indicated 
horsepower  developed  by  an  engine,  but  still  I  feel  that 
there  is  some  valid  reason  back  of  the  desire  of  the  Ameri- 
can engineer  to  express  his  results  in  brake  horsepower 
when  presenting  them  for  the  consideration  of  other 
American  engineers. 

Mr.  Ricardo  speaks  of  the  results  of  preheating  the 
fuel  as  being  the  same  in  the  three  cases  of  (a)  preheat- 
ing the  air  that  enters  the  carbureter,  (b)  heating  the 
mixture  through  contact  with  the  hot  valves  and  cylinder 
walls  and  (c)  heating  the  mixture  through  admixture 
with  the  hot  residual  exhaust-products   in  the  cylinder 
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.lino  -pan'.  Properly  interpreted,  the  statement  ia 
all  right,  but  an  engineer  who  is  trying  to  make  a  six  or 
an  eight-cylinder  engine  distribute  properly  is  in  great 
danger  <>f  misreading  it.  The  carbureter  engineer  is  not 
primarily  interested  in  thermodynamic  considerations. 
He  i.  because  it  enables  him  to  get  better  distri- 

bution and  better  combustion.  If  proper  distribution  is 
obtained  by  heating  the  air  entering  the  carbureter,  very 
high  temperatures  are  required  and  the  power  of"  the 
engine  is  reduced  correspondingly.  Satisfactory  results 
Can  1h?  obtained  with  much  lower  mixture-temperatures 
if  a  good  hot-spot  is  used. 

Mr.    Ricardo's   idea   of  measuring   the  amount  of  air 

I  in  getting  the  combustion  efficiency  of  the  engine 
is  a  line  of  thought  that  we  have  not  been  making  enough 
use  of  in  this  Country.  The  point  is  to  make  it  possible 
to  distinguish  between  differences  in  carburet  ion  and 
manifold  distribution,  on  the  one  hand,  and  fundamental 
differences  in  engine  performance,  on  the  other  hand. 
However,  it  seems  to  me  that  the  heat  liberated  per 
pound  of  air  used  should  be  for  full  power,  rather  than 
for  maximum-efficiency  conditions.  Each  pound  of  air 
represents  the  liberation  of  a  greater  amount  of  heat 
under  full-power  conditions  and,  since  the  engine  is  actu- 
ally running  under  these  conditions,  it  should  be  eharged- 
up  with  all  of  this  heat. 

CHAIRMAN  Crane: — Mr.  Berry  mentioned  the  fact  that 
Mr.  Ricardo  has  admitted  that  some  of  his  earlier  con- 
clusions regarding  detonation  and  its  relation  with  tur- 
bulence were  not  correct.     I  am  always  much  inclined  to 

pt  the  evidence  of  a  man  who  does  not  claim  to  be 
more  than  99-per  cent  right ;  the  man  who  is  100-per 
cent  right  in  his  own  estimation  is  considerably  too  good 
to  be  true.  On  the  other  hand,  we  have  the  man  who  is 
never  wrong,  and  never  being  wrong  is  different  from 
always  being  right ;  we  recognize  that.  The  man  who 
is  never  wrong  is  the  man  who  never  arrives  at  a  conclu- 
sion until  it  is  supplied  by  the  undertaker. 

Xkii.  MacCouLL: — Approximately  what  percentages  of 
exhaust  gases  are  present  in  the  combustible  mixture  at 
the  point  where  minimum  fuel-consumption  is  shown  in 
Fig.  1 1  and  also  at  the  extreme  right  of  the  chart  where 
the  compression-ratio  is  ?'_■  to  L?  The  statement  is 
made  in  regard  to  piston  experiments  that  the  leakage  of 
gas  past  the  piston  was  measured,  but  no  result?  are 
given.  Was  the  leakage  measured  for  all  conditions  of 
•  and  temperature  and,  if  a  leakage  was  found  to 

•  under  all  conditions,  how  did  it  vary  with  the  pres- 
sure and  the  possible  viscosity  of  the  oil?     What  was  the 

osity  of  the  oil  that  was  used  when  measuring  the 

nn-friction  results  shown  in  Figs.  25  and  26? 
Hkrbert  Chase: — Will  Mr.  Ricardo  tell  what  was  done 
in  connection  with  the  measurement  of  the  spark-advance, 

to  determine  the  effect  of  the  spark-advance  upon 
detonation?  Experiments  made  at  the  Bureau  of  Stand- 
ards have  shown  clearly  that  the  spark-advance  has  a  very 
marked  effect  upon  detonation  under  various  conditions, 
and  that  this  condition  should  be  clearly  stated  in  giving 
data  regarding  detonation.  What  means  were  used  for 
determining  when  detonation  occurred  and  when  it  did 
not  occur?  Was  a  listening  test  depended  upon  or  were 
indicator-cards  or  other  means  used? 

One  of  the  most  interesting  portions  of  Mr.  Ricardo's 
paper  to  me  is  his  data  in  regard  to  the  stratified  or 
localized  charge.  The  engine  used  in  that  type  of  work  is 
frequently  referred  to  in  this  Country  as  a  constant-com- 
pression engine.  A  number  of  persons  are  experimenting 
with  these  engines  in  this  Country  to-day.  It  would  be 
very  desirable  if  these  gentlemen  would  give  some  data 


thai  they  have  Becured  as  a  result  of  these  tests,  foi    om 

parison  with  the  tests  thai  Mr.  Ricardo  has  reported  upon. 

Stratified-Charge  Engines 

R.  W.  A.  BREWER:  is  Mr.  Ricardo's  implied  condem- 
nation of  engines  using  a  stratified  charge  based  on  the 
one  type  of  engine  illustrated  in  his  paper,  or  upon  gen- 
eral conclusions  of  stratified-charge  engines? 

Chairman  Crane: — The  paper  as  I  read  it  did  not 
strike  me  in  any  way  as  implying  any  condemnation  of 
a  stratified-charge  engine.  It  simply  states  the  fad 
known  to  all  of  us  that  the  stratified  charge  holds  im- 
mense possibilities,  but  that  satisfactory  conditions  of 
operation  are  difficult  to  reach  and  that  it  is  not  so  easy 
to  accomplish  through  a  wide  range  of  powers  as  it 
appeared  to  be  at  first.  I  think  all  will  agree  that  this 
is  a  fair  reading  of  the  paper  and  that  it  is -far  from 
being  a  criticism  of  the  stratified-charge  engine. 

Mr.  Brewer: — Referring  to  the  portion  of  Mr.  Tizard's 
conclusions  given  in  Mr.  Ricardo's  paper  where  it  is 
stated  that  the  "rate  of  burning  increases  very  rapidly 
with  a  slight  increase  of  the  flame  temperature,  and 
whether  it  will  prove  sufficiently  rapid  to  produce  detona- 
tion depends  upon  the  ratio  between  the  rate  of  evolu- 
tion of  heat  by  the  burning  mixture  and  the  rate  of  heat 
loss,"  it  appears  that  those  two  points  govern  the  whole 
operation  of  the  engine  as  regards  design  from  a  non- 
detonation  viewpoint  and  I  would  like  to  have  some  fur- 
ther information  on  that  conclusion. 

L.  H.  Pomeroy: — What  are  Mr.  Ricardo's  views  on  the 
question  of  carbonization  as  affecting  detonation?  It 
seems  obvious  that  carbonization  produces  the  effect  of 
increasing  the  temperature  of  the  mixture  and  also  of 
increasing  the  compression.  It  is  well  known  that  en- 
gines that  will  run  without  detonation  when  clean  will 
show  marked  detonation  effects  when  carbonized,  and 
it  will  be  interesting  to  learn  whether  Mr.  Ricardo's  ex- 
periments have  thrown  any  light  on  the  real  effects  aris- 
ing from  carbonization.  If  it  is  the  increased  tempera- 
ture that  causes  detonation,  it  seems  to  follow  that  there 
must  be  some  connection  between  the  heat  loss  dur- 
ing compression  and  detonation  .that  might  make  Mr. 
Ricardo's  results  not  necessarily  apply  to  engines  with 
small  cylinders  where  the  heat  loss  is  considerable,  par- 
ticularly at  low  speeds. 

Chairman  Crane: — I  think  that  all  who  have  had  ex 
perience  with  overhauling  cars  have  noticed  the  fact  that, 
after  completely  cleaning  the  cylinders  and  reassembling 
the  engine,  a  very  considerable  increase  in  the  amount 
of  heat  being  taken  care  of  by  the  radiator  is  apparent 
when  the  car  goes  back  on  the  road.  That  increased  heat 
comes  from  the  fact  that  we  have  much  cleaner  surfaces 
where  the  heat  is  being  generated  originally. 

Slipper  Aluminum  Pistons 
G.  A.  Green: — In  September  1919  the  Fifth  Avenue 
Coach  Co.  made  up  a  set  of  Ricardo  slipper-type  alumi- 
num-pistons. These  were  subjected  to  dynamometer  and 
road  tests.  As  a  result,  some  valuable  information  has 
been  gathered,  and  it  is  thought  that  these  data  are  of 
sufficient  interest  to  warrant  presentation.  Fig.  37 
shows  in  a  general  way  the  construction  of  Ricardo  pis- 
tons. Comparing  this  design  with  the  conventional 
heavy-ribbed  four-ring  aluminum  piston  used  by  us,  the 
following  points  are  of  particular  interest: 

(1)  There  is  twice  the  amount  of  metal  at  the  crown 
and  back  of  the  rings;  %  in.  as  compared  with 
3/16  in. 

(2)  Wristpin  bosses  are  rigidly  connected  to  the  crown 
with  5/16-in.  ribs 
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Fig.  37 — View  of  the  Ricardo  Slipper  Aluminum  Piston 

(3)  Rings  are  only  one-half  the  width;  Ys  in.  as  com- 
pared with  V4  in-  There  are  three  instead  of  four 
rings 

(4)  Slippers  are  separated  from  the  head  by  a  deep 
circular  cut  below  the  bottom  ring.  Slippers  and 
head  are  connected  through  the  ribs  carrying 
wristpin  bosses.  Because  of  this  separation,  it  is 
possible  to  reduce  slipper  clearance  to  the  mini- 
mum since  a  considerable  amount  of  the  head  heat 
is  dissipated  before  it  can  reach  the  slippers 

(5)  Frictional  surface  is  less  than  one-half;  17.004 
sq.  in.  as  compared  with  37.330  sq.  in. 

(6)  Wristpin  is  well  secured  by  a  V4-in.  bolt,  nut,  two 
light  washers  and  cotter.  The  possibility  of  its 
loosening-up  and  scoring  the  sleeves  is  remote. 
This  is  a  very  impoi'tant  point 

(7)  Weight  of  piston,  wristpin  and  rings  is  36.5  oz. 
as  compared  with*  51  oz. 

A  standard  engine  was  equipped  with  Ricardo  pistons, 
put  through  the  usual  running-in  procedure,  and  then 
tested  on  our  dynamometer  as  follows : 

(1)  Full  throttle,  700  to  1400  r.p.m.;  increments  of 
100  r.p.m.  Data  taken  as  to  brake-loads  and  fuel- 
consumption 


(2)  Friction  horsepower,  wide-open  throttle,  700  to 
1400  r.p.m.;  increments  of  100  r.p.m.  Data  taken 
as  to  torque  required  to  turn  the  engine  over 

On  completion  of  the  above  tests,  the  slipper  pistons 
were  removed  and  replaced  with  our  standard  type ;  then 
the  tests  were  duplicated.  Analyzing  the  results  obtained 
from  these  tests,  it  was  found  that 

(1)  From  the  standpoint  of  mechanical  efficiency,  there 
was  a  difference  of  6  per  cent  in  favor  of  the 
Ricardo  pistons  throughout  the  entire  speed-range, 
the  curves  being  practically  parallel 

(2)  A  very  slight  superiority  was  shown  in  regard  to 
fuel-consumption.  The  difference  was,  however, 
almost  negligible 

(3)  The  torque  developed  was  higher  throughout  the 
entire  speed-range,  the  average  difference  being 
6  per  cent.  At  the  peak  of  the  curve,  at  700  r.p.m., 
the  amount  in  favor  of  the  Ricardo  pistons  was 
9  per  cent. 

(4)  The  amount  of  power  required  to  turn  the  en- 
gine over,  or  friction  horsepower,  averaged  20.9 
per  cent  less  throughout  the  entire  speed-range 

Obviously,  these  results  warranted  further  tests  under 
actual  service  conditions ;  so  the  Ricardo  pistons  were  re- 
placed and  the  engine  was  assembled  in  one  of  our  buses. 
The  road  tests  commenced  in  October  1919  and  continued 
until  November  1921,  when  the  pistons  were  removed  on 
account  of  wear  having  developed  at  practically  all  points. 
During  this  period  the  vehicle  covered  a  service  mileage 
of  65,970  miles.  In  view  of  the  comparatively  short 
space  of  time  available  it  was  not  found  possible  to  pre- 
pare complete  data  as  to  the  performance  of  the  pistons, 
but  the  following  figures  representing  the  consumption 
of  gasoline  and  oil  from  March  8,  1921,  to  Nov.  4,  1921, 
are  indicative: 

Mileage  24,294 

Miles  per  United  States  gallon  of  gasoline  7.93 

Miles  per  United  States  gallon  of  oil  419 

Assuming  the  use  of  the  Imperial  gallon,  these  figures 
would  be  increased  to  9.51  and  503  miles  per  gal.  respec- 
tively.    This  can  be  considered  as  an  exceedingly  good 


Flo.  3S — Plan  View  and  Elevations  Partly  in  Section  of  the  Standard  Piston  Used 
by  the  Fifth  Avenue  Coach  Co. 
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showing  from  a  fuel  standpoint,  and  represents  approxi- 
mately 64  ton-milea  per  United  Status  gallon  throughout 
the  entire  period.  On  completion  of  the  test  the  engine 
was  stripped-down  and  the  pistons,  sleeves  and  cylinder- 
heads  examined  from  the  standpoint  of  lubrication.  The 
following  points  were  observed: 

(1)    There  was  almost  perfect  inner  sleeve  lubrication 
i  L'  i    The  slippers  and  surfaces  between  the   rings  v  ■ 

clean  and  free  from  carbon 
(3)   There   was  a   rather   heavy   deposit  of   carbon  on 

the  under  side  of  the  hi 

'  1 1  There  was  a  very  slight  deposit  of  granular  car- 
bon on  top  of  the  pistons;  the  heaviest  deposit  was 
nearest  the  exhaust-ports 

There   was   practically   no  carbon   deposit   on   the 
junk-heads 

(6)  The  junk-rings  were  in  excellent  condition,  show- 
ing nearly  ion  per  cent  bearing  surface  and  per- 
fect lubrication 

The  pistons  and  rings  were  then  carefully  gaged  to  de- 
termine the  amount  of  wear.  The  results  of  these  meas- 
urements are  shown  in  Table  11. 


TABLE    11 — WEAR  OP    PISTONS  AND   PISTON-RINGS 

Wear, 
Location  in. 

Above  Top  Ring 0.0060 

Between  Rings  Nos.  1  and  2 0.0070 

Between  Rings  Nos.  2  and  3 0.0065 

Top  of  Slipper 0.0130 

Bottom  of  Slipper    0.0100 

Diameter  of  Rings   0.0015 

Width  of  Rings   0.0015 

No.  1  Ring  Groove   0.0110 

No.  2  Ring  Groove   0.0060 

No.  3  Ring  Groove   0.0030 

Analyzing  these  figures,  it  will  be  noted  that 

(1)  The  wear  between  the  rings  is  fairly  constant  and 
averages  0.0065  in. 

(2)  Wear  at  slipper  is  0.003  in.  greater  at  the  top  than 
at  the  bottom.  The  average  wear  is  0.0115  in. 
This,  plus  the  necessary  clearance,  was  sufficient 
to  produce  considerable  noise 

(3)  Wear  at  outside  diameter  of  rings,  0.015  in.,  is 
not  unreasonable  considering  the  mileage 

(4)  Wear  at  sides  of  rings,  0.00075  in.  per  side,  is 
not  unreasonable  considering  the  mileage 

(5)  It  is  interesting  to  note  the  progressive  wear  of 
ring  grooves,  0.003  to  0.011  in.  The  top  groove 
shows  up  worst 

Due  to  the  theoretical  advantages  of  this  class  of  pis- 
ton, one  would  naturally  expect  decreased  vibration,  pis- 
ton slap,  friction  horsepower  and  fuel-consumption,  and 
less  wear-and-tear  generally;  in  short,  a  better  all-around 
engine  performance.  In  actual  practice,  all  of  these 
points  were  proved.  At  the  beginning,  it  was  thought 
that  perhaps  considerable  trouble  might  be  experienced 
from  rapid  wear  and  high  oil-consumption.  However, 
this  fear  proved  to  be  groundless. 

Answering  the  points  raised  by  Mr.  Crane,  there  are 
shown  in  Fig.  38  various  views  of  our  standard  piston. 
Judging  by  the  experimental  set  referred  to  in  this 
test,  there  should  be  very  little  difference  between  these 
pistons  from  the  standpoint  of  wear  but,  of  course,  one 
instance  does  not  prove  this.  As  a  matter  of  fact,  there 
seems  no  good  reason  why  the  Ricardo  piston  should  not 
have  equal  wearing  properties.  The  same  remarks  apply- 
insofar  as  cylinder  wear  is  concerned.    Of  course,  it  must 


be  remembered  that  with  Knight  engines  the  inside  di- 
ameter of  the  inner  sleeve  is  the  only  point  at  which  wear 
occurs  as  a  result  of  piston  movement. 

Perhaps  it  is  scarcely  necessary  for  me  to  enlarge  upon 
the  great  value  of  properly  carried  out  research  work. 
.Many  of  us  have  learned  slowly  and  painfully  that  last- 
ing success,  mechanically  speaking,  can  be  attained  only 
when  there  is  a  proper  coordination  of  theory  and  prac- 
tice. I  am  sure  we  are  all  agreed  on  this  subject:  the 
establishment  of  the  Society's  Research  Department  rep- 
resents the  stamp  of  official  approval  of  this.  In  our  own 
research  department  we  have  collected  much  very  useful 
information,  and  we  are  prepared  in  practically  all  cases 
to  place  our  records  at  the  disposal  of  members  of  the 
Society.  It  seems  to  us  that  a  broad-gage  policy  such  as 
this  must  in  the  long  run  be  helpful,  since  it  will  foster  a 
spirit  of  practical  cooperation  that  should  be  of  benefit 
to  the  industry.  Unquestionably  Mr.  Ricardo's  paper 
represents  a  most  valuable  contribution  to  the  industry. 

E.  A.  Sperry:— This  paper  covers  but  a  fraction  of 
Mr.  Ricardo's  contributions  to  this  wonderful  art  that 
appear  from  time  to  time.  Inasmuch  as  the  subject  is 
research  and  research  has  to  do  with  the  future,  why 
should  we  not  take  one  other  aspect  of  the  future  with 
regard  to  detonation?  Here  is  an  example  where  auto- 
motive engineers  have  apparently  taken  to  the  woods  in 
trying  to  dodge  detonation.  As  a  matter  of  fact,  how  do 
we  know  that  Nature  is  not  trying  to  hand  us  something 
advantageous  in  detonation?  Why  not  seek  to  harness 
it?  One  absolute  fact  has  been  established;  it  is  that  we 
know  we  get  higher  efficiency  when  we  get  detonation. 
That  has  been  the  result  of  observations  on  both  sides 
of  the  Atlantic.  Why  do  we  not  design  an  engine  around 
the  proposition  of  detonation?  Why  dodge  it?  Think 
for  a  moment  what  this  would  accomplish.  It  would  re- 
lieve us  entirely  of  all  these  troublesome  questions  of 
stratification  and  all  of  this  perplexing  matter  of  fuels. 
What  would  we  care  about  fuels  in  such  a  case?  Not 
only  could  we  use  the  present-day  gasoline,  but  we  could 
use  kerosene  and  go  on  to  the  much  cheaper  fuels.  En- 
gines are  running  today  on  fuels  that  are  quoted  on  the 
present  market  at  $1.22  per  bbl.,  with  clear  and  odorless 
exhaust.  Let  the  fuel  detonate;  the  more  it  detonates 
the  more  efficiency  it  provides.  That  would  relieve  us 
entirely  of  compression-ratio  limitations.  We  then  would 
be  able  to  increase  the  compression  and  get  the  higher 
efficiencies  to  which  we  are  entitled.  It  would  relieve 
us  of  carbon  deposits  by  permitting  us  to  increase  com- 
bustion temperatures  to  a  point  at  which  no  carbon  is 
ever  deposited.  It  would  relieve  us  of  all  the  trouble 
due  to  carbon  monoxide,  since  not  a  particle  of  that  gas 
is  formed  when  fuels  are  burned  at  high  temperature. 
Thousands  of  Diesel  engines  work  at  these  high  tempera- 
tures without  any  trouble.  Steam  engineers  now  seek 
Diesel-engine  jobs  on  ships.  They  find  that  it  is  easier 
than  steam-engine  work,  with  its  boilers  and  endless 
auxiliaries. 

H.  S.  McDewell: — All  technical  and  scientific  publi- 
cations appearing  in  Great  Britain  seem  to  attach  con- 
siderable significance  to  dissociation.  About  what  per- 
centage of  influence  does  dissociation  have  in  the  results 
of  Tizard  and  Pye?  Assuming  a  maximum  combustion 
temperature,  which  Mr.  Ricardo  has  mentioned  in  a  pre- 
vious paper  as  being  2480  deg.  cent.  (4496  deg.  fahr.), 
only  about  0.2  per  cent  of  the  weight  of  the  hydrogen 
present  in  a  normal  gasoline  would  be  dissociated.  This 
would  correspond  to  about  0.6  per  cent  of  the  heat  of 
combustion  of  the  fuel;  consequently,  that  does  not  seem 
to   be  a   very   material   effect.     How  closely   do   Tizard 
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the  form  shown  in  Fig.  40.  We  used  this  form  and  the 
engine  detonated  violently.  Mr.  Fisher  called  attention 
to  the  fact  that  right  at  the  point  b,  as  the  piston  comes 
up,  there  must  be  a  terrible  movement  of  gases.  There 
was  no  other  way  to  get  more  effective  turbulence  be- 
cause, at  the  moment  the  spark  jumped,  we  were  getting 
the  most  violent  passage  of  the  gases.  We  located  the 
spark-plug  at  b,  but  that  did  not  help  matters  except  that 
it  showed  by  that  simple  experiment  the  correctness  of 
what  Mr.  Ricardo  has  told  us.    In  his  paper  Mr.  Ricardo 


!_ I -^ 


Fig.    33 — Locating   the   Spark-Plug  at  a  Was  Supposed  to  Give 
the    Maximum    Turbulence    in    a    Valve-in-Head    Engine 

and  Pye's  results  check  with  these  figures?  Does  the 
good  luck  that  Mr.  Ricardo  mentions  in  connection  with 
his  efforts  with  a  stratified-charge  engine  also  extend 
to  his  supercharging  engine? 

H.  L.  Horning:  —  Mr  Ricardo's  paper  cannot  be  ab- 
sorbed within  the  short  time  we  have  had  to  read  it.  We 
have  been  quite  unfair  in  asking  him  to  expose  his  inner- 
most thoughts  on  the  entire  range  of  subjects  in  the  ex- 
perimental' development   of  the  internal-combustion   en- 


Fig.    40 — A   Form    of   Combustion-Chamber   That    Gave   Violent 
Detonation 

gine.  A  man  can  be  an  expert  on  one  or  two  phases  of 
any  subject,  but  when  we  ask  him  to  cover  all  of  the  de- 
tails of  a  general  subject,  it  becomes  a  very  difficult  task. 
Measured  by  that  standard,  he  has  met  our  expectation 
marvelously. 

In  trying  to  trace  the  relationship  between  detonation 
and  turbulence  in  the  Ricardo  shape  of  combustion- 
chamber,  J.  B.  Fisher,  the  chief  engineer  of  the  com- 
pany with  which  I  am  associated,  and  I  agreed  that  if 
we  located  a  spark-plug  at  the  place  of  maximum  turbu- 
lence, we  would  certainly  kill  all  detonation.  According 
to  our  best  information,  we  located  the  spark-plug  as 
shown  at  a  in  Fig.  39,  but  detonation  continued. 

Mr.    Ricardo's   most   effective   combustion-chamber   is 


Fig.     41 — An    Ordinary    Type    of    L-Head    Combustion-Chamber 
Showing    Two    Possible    Locations    for    the    Spark-Plug 

has  called  attention  to  the  fact  that  it  is  the  maximum 
distance  be  or  de  that  almost  certainly  seems  to  be  the 
controlling  factor.     I  have  talked  with  Mr.  Ricardo  and 


Fig.     42 — Combustion-Chamber     of     the     Mark:     Webber     Tank 

Engine    Designed   by    Ricardo   in   Which    Locating    the    Spark- 

at    h    Did    Not    Give    Good    Results 
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we  agree  that  there  is  one  other  factor;  it  is  the  ten- 
dency to  detonate  when  the  Bpark-plug  is  opposite  to  a 
pocket.  I  wish  to  call  attention  to  the  fail  that  if  the 
spark-plug  is  located  at  f,  as  in  Fig.  -11,  that  would  obvi 
OUSly  increase  the  distance  and  the  Bpark-plug  would  he 
opposite  the  valve-pocket,  but  to  locate  it  at  ../  would  de- 
crease the  distance  and  the  spark-plug  would  he  within 
the  pocket. 

Mi-.  Ricardo  1ms  referred  in  his  paper  to  remarks  that 
1  made  in  my  paper  on  Turbulence  in  regard  to  his 
.Mark  Webber  engine.  We  made  a  tost  with  the  spark- 
plug located  as  at  h  in  Fig.  VI,  ami  could  not  gel  good  re- 
sults. I  said  in  my  paper  that  Mr.  Ricardo  seemed  to  get 
good  results,  hut  he  says  now  that  they  had  trouble  and 
had  to  move  the  Bpark-plug  to  the  location  shown  at  li 
in  Fig.  42.  Those  two  factors  constitute  the  evidence  in 
support  of  his  statement  that  turbulence  does  not  affect 
detonation  directly. 

F.  K.  MOSKOVICS:  If  the  members  of  the  Society  will 
take  the  paper  presented  by  Mr.  Ricardo  as  a  mental 
stimulus  in  addition  to  the  value  of  the  actual  data  it 
contains  and  the  original  research  it  discloses,  they  will 
derive  the  maximum  benefit  from  it.  I  trust  and  believe 
that  this  paper  is  only  the  beginning  of  a  discussion  that 
will  be  general  and  of  long  duration.  This  is  the  stuff 
that  the  advancements  in  science  are  born  of,  and  in  that 
regard  .Mr.  Rieardo's  paper  is  peculiarly  timelj  and 
forceful.  May  we  at  the  same  time  convey  to  him  the 
thought  that,  in  the  discussion,  however  freely  views  may 
be  discussed,  nothing  personal  is  intended;  it  represents 
only  the  true  zeal  of  the  scientist  in  reaching  the  goal. 
Mr.  Chairman,  in  view  of  the  peculiar  timeliness  of  .Mr. 
Rieardo's  paper,  1  move  that  the  members  of  the  Society 
express,  by  rising,  a  vote  of  thanks  to  the  distinguished 
visitor.  Mr.  Ricardo,  for  traveling  so  far  and  going  to 
such  pains  to  present  this  remarkable  paper  to  the 
Society.  [A  rising  vote  of  thanks  was  accorded  Mr. 
Ricardo,  accompanied  by  hearty  applause.] 

Chairman  Crane: — Having  thanked  Mr.  Ricardo  for 
his  paper,  we  now  incur  a  further  obligation  by  request- 
ing him  to  answer  some  of  the  questions  that  have  been 
asked. 

Mr.  Ricardo: — Thank  you  very  much  for  showing  so 
much  interest  in  my  paper  and  for  the  very  interesting 
discussion. 

Mr.  Grimes  raised  a  point  regarding  the  value  of  the 
exhaust  products  in  a  kerosene  engine.  I  am  not  quite 
clear  what  exactly  he  has  in  mind  but,  rightly  or  wrongly, 
I  understood  him  to  mean  that  he  had  obtained  equally 
good  results  by  using  a  lower  compression-ratio.  Insofar 
as  power  output  is  concerned,  I  fully  agree;  because, 
from  this  point  of  view,  there  is  very  little  difference. 
With  a  low  compression-ratio  you  retain  a  greater  pro- 
portion of  exhaust  products  within  the  cylinder;  with  a 
higher  compression  some  additional  products  must  be 
added  to  keep  the  flame-temperature  down.  These  addi- 
tional exhaust-products  reduce  the  volumetric  efficiency 
so  that  the  increase  of  thermal  efficiency  due  to  the 
higher  compression  and  the  loss  of  volumetric  efficiency 
due  to  the  diluent  just  about  balance.  The  power  output 
remains  therefore  the  same  whether  the  compression  be 
high  or  low  within  reasonable  limits,  of  course.  The 
thermal  efficiency,  however,  is  dependent  directly  upon 
the  compression-ratio  and  from  this  point  of  view  the  use 
of  additional  exhaust-products  and  a  high  compression 
are  preferable  up  to  a  certain  point.  I  gave  the  results 
of  some  investigations  on  these  lines  in  Fig.  11  of  my 
paper.  The  instance  Mr.  Grimes  cites,  of  an  engine 
running  steadily  at  2250  r.p.m.   at  nearly   full   throttle 


and  failing  at  a  verj  slight  increase  in  throttle-opening, 
is  very  interesting  as  showing  that  a  very  slight  addition 
to  the  charge  and  therefore  to  the  tlame-temperature  will 
bring   about    detonation,    increased    wall-temperature   and 

subsequent  preignition.  This  is  just  what  one  would 
expect. 

Mr.  Wilson  raises  the  question  id'  the  influence  of  pres- 
sure en  the  rate  of  burning.  1  need  hardly  say  that  his 
remarks  are  of  special  interest  to  me.  I  had  always 
clung  to  the  conviction,  being  no  chemist  at  all,  that  the 
pressure  plays  much  the  most  important  part,  but  1  was 
rather  shaken  out  of  that  idea  by  our  chemists  in  Eng- 
land. I  gather  from  Mr.  Wilson,  who,  I  recognize,  speaks 
very  authoritatively,  that  it  may  play  a  very  significant 
part  indeed.  This  being  so,  all  I  can  say  is  that  1  am 
very  pleased  to  hear  it  because  it  supports  my  own  feel 
ing  which  I  had  rather  surrendered  on  account  of  the 
criticism  leveled  against  it.  I  do  not  think  that  it  ail 
Tizard's  more  recent  theory  except,  perhaps,  in  a  quan- 
titative degree. 

Mr.  Midgley  raises  exactly  the  same  point;  that  the 
pressure  does  play  a  part.  I  am  very  glad  to  hear  this 
view  supported,  for  I  am  still  inclined  to  believe  that  it 
dee<.  The  altitude  question  has  always  been  my  own  pet 
argument  in  support  of  the  pressure  theory;  so  we  are 
in  complete  agreement  there. 

With  regard  to  Professor  Dixon's  results,  I  agree  that 
results  yielding  photographs  as  his  did  are  very  much 
more  valuable.  I  wish  we  could  have  taken  photographs 
in  this  case,  but  the  experiments  were  carried  out  on  a 
small  apparatus  where  the  cooling  losses  were  playing  a 
very  serious,  if  not  overwhelming,  part.  Mr.  Tizard  was 
asked  by  the  Board  of  Industrial  Research  to  go  carefully 
into  these  results  and  see  if  it  was  not  worthwhile  try- 
ing the  experiments  on  a  larger  scale;  so  we  used  a  cyl- 
inder which  was  precisely  the  same  size  as  that  of  the 
variable-compression  engine  with  which  we  were  carry- 
ing on  the  other  tests.  That  is  really  the  reason  for  it. 
It  became  very  apparent  early  in  the  tests  that  the  rate 
of  dissipation  of  heat  was  playing  a  very  vital  part. 

Mr.  Midgley  asked  if  I  would  give  the  intermediate 
stages  between  the  results  from  the  compression  machine 
and  the  conclusions  on  detonation  deduced  from  them.  I 
wish  I  could.  I  had  hoped  before  today  to  be  able  to  do 
so,  but  those  deductions  form  the  subject  of  a  paper  that 
Mr.  Tizard  will  publish  very  shortly;  therefore,  I  must 
ask  that  his  paper  be  accepted  as  the  intermediate  stage 
when  it  appears.  I  had  hoped  and  expected  that  Tizard's 
deductions  would  have  been  published  before  now,  when 
I  should  have  been  free  to  quote  them. 

Mr.  Midgley  further  criticizes,  and  very  justly  too, 
the  use  of  the  words:  "spontaneously  and  simultane- 
ously." These  words  must  of  course  be  interpreted  as 
relative.  In  this  connection  I  should  like  to  say  that  I 
had  no  opportunity  to  correct  the  preprint  of  my  paper 
and  that  there  are,  I  fear,  a  number  of  errors  in  it.  In 
the  copy  I  read  from,  the  word  "nearly"  was  introduced 
and  I  was  careful  to  emphasize  this  when  reading  the 
paper.  As  I  interpret  Dr.  Dixon's  photographs,  it  seems 
to  me  that  he  did  find  almost  exactly  what  is  generally- 
meant  by  detonation,  namely,  an  extremely  abrupt  change 
from  a  normal  rate  of  burning  to  that  of  an  intensely 
rapid  one. 

Mr.  Hewitt  gave  some  very  interesting  details  of  his 
experiments  with  a  bomb.  His  results  are  almost  exactly 
the  same  as  were  obtained  under  sudden  adiabatic  com- 
pression and  are  therefore  particularly  interesting  to  me. 
We  also  had  cases  where  combustion  was  complete  with- 
out any  appreciable  rise  in  pressure,  but  I  do  not  think 
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there  is  anything  surprising  in  this.  We  assume  that  the 
rate  of  combustion  is  a  function  of  temperature,  but  that 
it  rises  very  rapidly  with  increase  of  temperature.  Com- 
bustion undoubtedly  takes  place  at  comparatively  low 
temperatures,  but  the  rate  is  then  very  slow  indeed. 

Mr.  Berry  mentioned  the  advisability  of  expressing 
results  in  terms  of  brake  horsepower,  rather  than  of  in- 
dicated horsepower.  I  have  adhered  consistently  to  the 
indicated  performance  for  the  last  2  or  3  years.  I  quite 
agree  that  there  is  a  possible  error  in  determining  indi- 
cated horsepower;  but,  by  adding  up  the  friction  losses 
obtained  in  various  ways  and  by  various  cross-checks, 
I  think  one  can  obtain  indicated  horsepower  pretty 
closely,  at  all  events  in  the  case  of  engines  with  which  I 
have  had  wide  experience.  I  prefer  it,  because  the  re- 
sults expressed  in  indicated  horsepower  are  applicable 
to  any  case;  whereas  results  in  brake  horsepower  are 
really  peculiar  to  the  engine  one  is  using.  If  I  had  ex- 
pressed the  results  in  terms  of  brake  horsepower  in  our 
particular  variable-compression  engines,  I  should  have 
given  rather  scandalously  good  results  because  the  me- 
chanical efficiency  of  that  engine  is  exceptionally  high. 
It  is  a  ball-bearing  job  throughout.  I  particularly  wanted 
to  avoid  that.  Those  results  would  not  be  applicable  to 
other  engines. 

Mr.  Berry  refers  to  the  division  I  made  as  to  the 
sources  from  which  the  entering  charge  receives  heat.  I 
ought  perhaps  to  have  emphasized  that  I  was  referring 
only  to  the  question  of  volumetric  efficiency.  Only  the 
first  of  the  three  sources  is  of  any  interest  from  the  point 
of  view  of  distribution ;  the  others  may,  I  think,  be  re- 
garded as  constant.  With  regard  to  air-measurement 
tests  and  the  use  of  them  for  deducing  the  efficiency, 
I  think  that  the  point  he  raised  is  dealt  with  in  Appen- 
dix 3.  I  should  like  to  take  this  opportunity  of  thanking 
Mr.  Berry  for  his  very  flattering  and  sympathetic 
remarks. 

Mr.  MacCoull  asked  for  figures  as  to  the  percentage  of 
exhaust  products  used  in  connection  with  Fig.  11.  I 
cannot  quote  it  exactly  because  it  was  not  measured  di- 
rectly. We  had  no  means  of  measuring  it  at  that  time, 
but  a  fair  estimation  can  be  obtained  from  the  differ- 
ence between  the  mean  effective  pressure  obtained  with 
and  without ;  that  is,  between  the  mean  effective  pressure 
obtained  with  pure  benzene  and  the  mean  effective  pres- 
sure obtained  with  gasoline  and  exhaust  products.  That  is 
only  a  rough  approximation  because,  of  course,  the  effi- 
ciency was  not  the  same  in  the  two. cases.  Without  going 
into  great  detail,  I  should  think  that,  if  the  ratio  of  mean 
effective  pressure  is  taken  in  the  two  cases  and  a  further 
allowance  of  50  per  cent  for  the  drop  in  efficiency  is  made, 
this  will  approximate  the  proportion  of  exhaust  products. 

With  regard  to  leakage  of  gases  and  the  quality  of  the 
oil  used,  I  am  not,  I  regret  to  say,  provided  with  any 
figures.  We  have  made  no  leakage  tests  for  a  long  time ; 
in  fact,  not  since  the  war.  We  used  Price's  gas-engine 
oil  in  all  cases.  It  is  an  almost  uniform  standard  oil  in 
England  that  we  used  to  employ  throughout  all  our  test- 
ing; but  I  have  no  figures,  I  am  sorry  to  say,  as  to  its 
viscosity.  I  certainly  found  that  the  viscosity  of  the  oil 
played  a  very  important  part  in  piston  gas-leakage. 

Mr.  Chase  inquires  about  the  degree  of  spark-advance 
used  in  determining  detonation.  I  think  that  is  a  very 
important  point.  We  have  always  defined  the  detonation 
point  as  the  highest  compression-ratio  at  which  one  can 
advance  the  spark  without  detonation  until  the  torque 
definitely  falls.  For  example,  at  a  compression-ratio  of 
5  to  1  and  with  average  gasoline,  the  maximum  torque  is 
obtained  with  an  ignition  advance  of  32  deg.  before  top- 


center.  If  we  advance  to,  say,  40  deg.  before  top-center 
with  a  mixture  giving  complete  combustion,  the  torque 
falls  considerably  and,  if  we  can  get  over  to  that  point 
without  detonation,  we  consider  we  are  within  the  range 
with  every  change  in  compression-ratio.  The  whole 
available  range  of  ignition  timing  is  explored  in  this 
manner. 

As  regards  the  method  of  detecting  detonation,  we 
have  tried  various  devices,  including  the  optical  indi- 
cator ;  but,  in  the  case  of  this  particular  engine,  we  have 
found  the  listening  test  a  very  sensitive  one,  for  the  cyl- 
inder appears  to  be  exceptionally  resonant  and  detona- 
tion is  very  definite.  We  have  tried  with  various  ob- 
servers on  a  standard  fuel  and  three  different  observers 
working  independently  and  at  different  times  have  deter- 
mined the  maximum  compression-ratio  as  being  4.83, 
4.85  and  4.85  to  1  respectively.  Again,  in  this  engine, 
detonation,  if  allowed  to  persist,  very  soon  breaks  down 
into  preignition.  It  is  only  since  I  have  been  here  that 
I  have  heard  for  the  first  time  of  the  very  ingenious 
device  which  Mr.  Midgley  has  been  using  and  which  ap- 
peals to  me  very  strongly. 

Mr.  Brewer  suggested  that  I  had  rather  damned  the 
stratified  charge.  I  am  sorry  if  he  got  that  impression, 
because  it  is  not  the  one  I  intended  to  convey.  I  have 
always  been,  and  I  am  still,  a  great  enthusiast  for  strati- 
fied charge.  I  did  not  want  to  paint  it  in  too  rosy  colors, 
because  I  have  had  some  very  unfortunate  experiences 
with  it,  but  I  certainly  think  it  has  a  great  future. 

Mr.  Pomeroy  raised  the  question  of  the  effect  on  deto- 
nation of  carbon  on  the  piston.  It  is  rather  difficult  to 
give  what  experience  we  have  in  any  quantitative  terms, 
but  the  effect  of  carbon  on  any  part  of  the  combustion- 
chamber  is  to  delay  the  rate  of  dissipation  of  heat.  This 
is  very  conspicuous  in  the  case  of  the  detonation  or  com- 
pression machine.  There,  if  one  had  bad  detonation  or 
if  one  worked  with  a  very  rich  mixture,  a  thin  coating 
of  carbon  would  form  on  the  walls  with  the  result  that 
the  next  experiments  would  be  very  erratic  indeed  and 
show  a  large  difference  in  the  temperature  coefficient.  It 
was  necessary,  therefore,  always  to  clean  and  wipe  out  the 
cylinder  thoroughly.  As  regards  quantitative  terms,  in  the 
case  of  the  variable-compression  engine,  when  it  is  quite 
clean,  it  will  run  on  a  straight  paraffin  gasoline  with  a 
compression-ratio  of  4.85  to  1.  When  it  has  run  for 
about  3  months  at  an  average  of  5  or  6  hr.  per  day,  that 
ratio  has  dropped  to  about  4.75  to  1.  We  have  to  make  a 
correction;  we  retest  from  time  to  time  on  it.  After 
about  3  months  the  engine  is  taken-down  and  recar- 
bonated. 

Mr.  Green  gave  some  data  that  are  very  interesting 
to  me  on  the  piston  he  has  been  using.  I  have  nothing 
to  add  except  that  his  contribution  to  the  discussion  is 
very  gratifying  indeed,  and  I  am  most  grateful  to  him 
for  the  trouble  he  has  taken. 

Mr.  Sperry,  as  I  understand  him,  was  putting  forward 
a  strong  plea  for  the  Diesel  or  high-compression  self- 
igniting  engine  for  automotive  work.  While  I  sympa- 
thize with  all  his  arguments,  I  feel  that  this  is  rather  a 
long-distance  shot  as  yet.  I  cannot  claim  a  great  deal 
of  experience.  I  was  watching  the  British  Admiralty's 
experience  on  Diesel  work  throughout  the  war.  It  seemed 
to  me  that  considerable  advances  were  gained,  but  there 
is  still  a  very  long  way  to  go  before  we  can  consider  that 
as  a  possibility.  I  feel  that  the  use  of  a  stratified  charge 
is  an  intermediate  measure.  It  is,  in  a  sense,  getting  a 
Diesel  cycle,  although  it  does  not,  of  course,  permit  of 
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AKTKR  stating  that  the  tractor  industry  has  reached 
the  most  critical  period  in  its  history  and  that  the 
farmer  has  been  quicker  to  appreciate  the  possibilities 
of  applying  mechanical  power  to  farming  than  the 
tractor  builder,  in  that  the  latter  has  held  to  produc- 
ing a  one-purpose  machine  instead  of  analyzing  farm 
demands  and  producing  a  machine  adaptable  to  them, 
the  author  outlines  diversified-farming  requirements 
and  supplements  this  with  statistical  quotations  from 
a  Government  report  that  indicate  the  character  and 
exent  of  the  market  for  tractors  and  advocates  a  ma- 
chine suitable  for  all  farm  purposes. 

Farm-implement  finance  is  considered  briefly,  and 
tractor  suitability  for  specific  purposes  is  commented 
upon,  inclusive  of  statements  by  representative  tractor 
distributors. 

THIS  subject  is  of  such  importance  and  covers  such 
wide  possibilities  for  argument  that,  in  trying 
to  analyze  the  conditions  that  have  affected  the 
tractor  market,  I  may  subject  myself  to  criticism  from 
some  tractor  builders.  This  is  especially  true  when  I 
say  that  the  tractor  business  has  reached  its  peak  and 
that  it  will  be  a  long  time  before  the  farmer  can  be 
persuaded  to  accept  the  present  type  of  machine  and 
to  do  his  part  in  motorizing  his  farm,  unless  some 
changes  are  made  by  the  builders,  and  that  very  quickly. 
I  will  not  attempt  to  tell  how  tractors  should  be  marketed, 
but  shall  mention  some  of  the  vital  things  that  I  believe 
are  affecting  the  demand. 

There  is  too  wide  a  gap  between  what  the  builder 
receives  for  his  product  and  what  the  farmer  is  com- 
pelled to  pay.  The  former  does  not  receive  enough 
money  to  meet,  later  on,  the  demands  made  by  the  selling 
organization  and  the  user.  My  opinion  is  that  the  tractor 
industry  has  reached  the  most  critical  period  in  its 
history  and  whether  it  goes  forward  or  backward 
depends  entirely  upon  the  producer  and  the  sales 
organization  through  which  all  products  must  find  an 
outlet.  We  must  all  admit  that  the  tractor  business  is 
in  a  state  of  depression,  but  I  do  not  know  how  many 
of  the  companies  have  made  the  proper  analysis  of  the 
conditions  and  are  willing  to  apply  the  proper  remedy. 
I  do  know  that  some  of  the  large  manufacturers  of 
accessories  necessary  to  the  production  of  tractors,  as 
well  as  the  managers  of  some  of  the  most  prominent 
advertising  mediums,  are  fully  awake  to  the  situation 
and  are  trying  to  place  some  of  the  actual  facts  before 
the  builders.  We  all  know  that  it  takes  more  courage 
to  correct  a  mistake  than  it  does  to  suffer  for  years  on 
account  of  it.  From  observation,  I  am  thoroughly  con- 
vinced that  the  farmers  have  been  quicker  to  appreciate 
the  possibilities  of  applying  mechanical  power  to  their 
farm  operations  than  the  manufacturer.  I  base  this 
statement  upon  the  fact  that  the  latter,  as  a  whole,  have 
held  to  a  "one-purpose"  machine,  expecting  the  farmer 
to  arrange  his  work  to  fit  the  machine  instead  of  analyz- 
ing the  farmer's  requirements  and  supplying  him  with 
a  machine  that  will  fit  his  farm  work.  I  think  this  has 
resulted  mostly  from  following  the  old  custom  of  design- 
ing and  perfecting  a  machine  or  implement  to  do  one 
certain  class  of  work. 


'  M.S.A.E. — President.  Toro  Motor  Co.,  Minneapolis. 


In  the  early  days  of  the  development  of  the  tractor, 
only  two  operations  were  considered ;  first,  the  breaking- 
up  of  the  large  acreage  of  prairie  sod  and,  second,  the 
pulling  of  separators  for  threshing  or  the  use  of  the 
tractor  for  providing  belt-power.  I  often  wonder  if  the 
manufacturer  of  farm  implements  has  ever  given  the 
farmer  the  credit  to  which  he  is  entitled  for  the  part  he 
has  played  in  developing  and  perfecting  every  farm 
implement  that  has  been  put  on  the  market.  It  was 
the  farmer  who  first  discovered  that  disc-harrows,  a 
battery  of  seeders  or  grain-binders  could  be  pulled  suc- 
cessfully by  a  tractor. 

Diversified-Farming  Requirements 

No  one  who  has  any  knowledge  of  farming  with  horses 
in  the  section  devoted  principally  to  grain  and  has  seen 
horses  replaced  by  a  well-designed  tractor  can  question 
its  adaptability  to  such  service  and  the  wonderful  saving 
it  effects.  It  was  in  this  field  that  the  present  type  of 
tractor  was  developed  and  found  such  a  ready  market; 
but  this  field  is  small  in  comparison  to  the  entire  acreage 
of  crops  that  must  be  cultivated.  A  tractor  designed  so 
that  it  can  be  used  for  plowing,  preparing  the  seed-bed, 
planting  and  cultivating  will  meet  all  of  the  conditions 
and  requirements  in  the  diversified-farming  sections, 
and  it  will  prove  more  efficient  and  economical  than 
horses.  There  are  five  prospective  purchasers  for  a 
machine  of  this  type  where  there  is  one  purchaser  for 
the  one-purpose  tractor. 

Government  statistics  show  that  there  is  a  total  annual 
loss  of  $232,644,000  on  account  of  weeds  in  corn,  cotton, 
potatoes,  beans,  sugar  beets,  sweet  potatoes  and  soy 
beans,  due  to  lack  of  proper  cultivation.  It  has  been 
my  firm  conviction  for  several  years  that  it  is  entirely 
practicable  and  feasible  for  engineers  and  builders  to 
analyze  the  farmer's  requirements  correctly  and  hold 
their  design  and  actual  accomplishments  to  fit  the  work 
to  be  done.  It  has  been  demonstrated  thoroughly  that 
a  machine  can  be  made  strong  enough  and  have  ample 
power  to  handle  two  plows,  but  still  be  light  enough 
for  all  classes  of  row-crop  cultivation  from  sugar  beets 
to  torn.  However,  the  engineer  or  company  that  has 
not  had  actual  experience  in  the  cultivating  of  row  crops 
should  study  every  operation  and  become  thoroughly 
familiar  with  the  requirements  first. 

The  most  difficult  operations  in  farming  are  the  first 
and  second  cultivations  of  the  tender  plants  and,  unless 
the  operator  has  an  entirely  unobstructed  view  of  the 
rows  and  the  machine  has  enough  flexibility  that  the 
cultivating  teeth  of  the  shovels  will  respond  promptly  to 
every  controlling  movement  of  the  operator,  good  clean 
cultivation  is  not  possible  without  injury  to  the  plants. 
Unless  we  can  give  the  farmer  a  machine  capable  of 
doing  equally  as  good  cultivating,  one  that  is  easier  and 
more  economical  to  operate  and  will  perform  the  work 
faster  than  it  can  be  done  with  horses  with  less  effort 
on  the  farmer's  part,  we  have  but  a  slight  basis  of 
argument  to  persuade  him  that  he  should  motorize  his 
farm. 

What  argument  can  a  salesman  present  to  the  farmer 
today  that  will  persuade  the  latter  to  invest  in  a  machine, 
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TABLE    1 FARMS   OPERATED   BY    THE   TRACTOR   IN    1920 

State  Per  Cent 

South  "Dakota  16 

North  Dakota  15 

Montana  12 

California  10 

Kansas  ID  ■ 

Illinois  9 

Iowa  9 

at  the  present  prices  of  horses  and  feed,  when  the  records 
show  that  tractors  have  replaced  only  20  to  22  per  cent 
of  the  horses?  What  would  be  the  result  if  another 
salesman  could  show  this  same  farmer  a  machine  so 
adaptable  to  his  work  that  it  would  actually  replace  75 
to  80  per  cent  of  his  horses  and  40  to  60  per  cent  of 
his  surplus  labor,  if  the  price  of  the  machine  were 
within  his  reach?  The  machine  must  be  capable  of  ready 
adaptability  to  the  different  classes  of  work  and  be  sold 
at  a  price  within  the  farmer's  purchasing  power,  which 
has  now-  reached  the  lowest  point  in  his  experience.  The 
all-purpose  machine  designed  so  that  it  can  be  adapted 
easily  to  more  different  kinds  of  wTork  on  the  farm  is 
entirely  practical  and  will  be  accepted  readily  by  the 
farmer  who  is  searching  for  improved  and  economical 
methods.     No   one   engaged   in  the  tractor  business   is 


TABLE  2 — ACREAGE  OF  THE  FOUR  PRINCIPAL  CROPS 

1910 

1919 

Crop 

Acreage 

Acreage 

Difference,  acres 

Corn 

69,000,000 

63,000,000 

6,000,000  (Decrease) 

Wheat 

32,000,000 

53,000,000 

21,000,000  (Increase) 

Oats 

27,000,000 

31,000.000 

4,000,000  (Increase) 

Cotton 

14,000,000 

15.000,000 

1,000,000  (Increase) 

more  optimistic  over  the  possibilities  of  power  farming 
or  the  success  of  motorizing  the  farm  than  I  am,  but 
we  must  first  motorize  our  ideas,  our  factories  and  our 
own  products  before  we  can  expect  the  farmer  to 
motorize  his  farm. 

Statistical  Consideration 

On  Jan.  1,  1920,  the  Department  of  Agriculture  re- 
ported a  total  of  246,000  tractors  on  the  farms  in  the 
United  States  or  about  one  tractor  for  every  28  farms. 
The  States  showing  the  highest  percentages  of  all  farms 
reporting  tractors  are  listed  in  Table  1. 

The  complete  report  covering  the  year  1920  gives  the 
total  valuation  of  all  farm  equipment  produced  in  that 
year  as  $537,000,000.  The  report  shows  further  that 
203,000  tractors  were  constructed  in  1920.  Their  value 
was  $193,000,000  or  more  than  one-third  of  that  of'the 
total  of  farm  equipment. 

Acreage  of  the  Four  Principal  Crops 

Let  us  consider  the  acreage  of  the  four  principal  crops 
for  10  years  as  shown  by  the  Government  statistics  given 
in  Table  2. 

These  figures  indicate  that  there  has  not  been  a  very 


TABLE  3 — PRINCIPAL  CROPS  OF   1919  AND   1920 


State 
New  York 
Pennsylvania 
Maryland 
New  Jersey 
Ohio 
Illinois 
I  >wa 
Minnesota 


Decrease  in 

Valuation 

of  22  Crops 

$23,000,000 

50,000,000 

18,000,000 

3.000,000 

173,000,000 

344,000,000 

263,000,000 

l'JT.000,000 


Decrease  in 

Valuation 

of  Total  Crop 

$32,000,000 

77,000,000 

23,000,000 

6,000.000 

199,000,000 

400,000,000 

450,000,000 

212,000,000 


great  increase  in  the  acreage  of  the  four  principal  crops 
during  this  period,  but  other  statistics  show  that  the 
value  of  farm-implement  equipment  during  the  same 
period  increased  185  per  cent.  It  has  been  the  custom 
of  the  Department  of  Agriculture  to  tabulate  each 
season  the  totals  of  22  of  the  principal  crops,  one-half 
of  which  are  row  crops  requiring  cultivation.  The  figures 
in  Table  3  are  given  by  States,  indicating  the  difference 
in  valuation  of  these  22  crops  produced  in  1919  and  1920. 

The  loss  in  the  Middle  and  Western  States  is  much 
larger  than  in  the  New  England  States.  This  is  an  indi- 
cation of  the  shrinkage  in  valuation  that  the  farmer  has 
been  forced  to  accept  recently. 

From  1914  to  1918  New  York  State  ranked  twelfth 
in  respect  to  the  total  valuation  of  crops.  In  1919  it 
was  the  fourteenth  State,  but  in  1920  it  held  fifth  place. 
From  1914  to  1918  Pennsylvania  ranked  fifth  and  in 
1920  dropped  to  ninth  place.  For  the  same  period  Illinois 
was  first  in  respect  to  all  crops  and  in  1919  dropped  to 
third  place.  Minnesota  was  ninth  during  this  period 
and  dropped  to  seventeenth  place  in  1920  in  respect  to 
all  crops.  The  number  of  tractor  companies  and  the 
sizes  of  machines  built  in  1920  are  stated  in  Table  4. 

TABLE  4 — NUMBER  OF  TRACTORS  BUILT  IN  1920 


Horsepower 

8  and  less 

9  to  15 
16  to  18 
19  to  22 
23  to  26 
27  to  32 
33  to  39 
40  to  59 

60  and  over 


Of  the  total  of  203,207  machines  manufactured,  only 
about  29,000  were  estimated  as  having  been  sold  for 
export,  leaving  175,000  for  domestic  trade.  The  total 
value  of  all  farm  equipment  produced  during  1920  was 
$537,000,000  and  over  $500,000  of  this  amount  represents 
horse-drawn  cultivating  tools.  Only  $66,000,000  of  this 
was  estimated  as  having  been  sold  for  foreign  trade, 
leaving  $471,000,000  for  domestic  trade. 

Our  export  business  in  all  lines  of  farm  equipment 
declined  during  the  war,  but  production  was  normal 
except  in  1918  and  our  surplus  that  formerly  went  to 
Europe  was  accumulating  in  this  Country.  Also,  with 
our  enormous  increase  in  production  during  1919  and 
1920,  caused  by  the  urgent  appeal  of  the  Government 
officials,  it  is  only  reasonable  to  assume  that  we  would 
have  felt  the  effects  of  over-production  in  the  farm- 
equipment  line  even  if  the  farmer's  product  had  main- 
tained its  price  level.  If  one  consults  the  records,  it  will 
be  found  that  whenever  our  imports  increase  and  our 
exports  decrease  so  that  the  imports  exceed  our  exports 
in  value,  we  feel  the  effect  in  all  lines  of  business.  Not 
until  our  surplus  begins  to  move  to  foreign  countries  will 
business  conditions  improve  to  any  marked  degree. 

Farm-Implement  Finance 

Much  has  been  said  and  written  about  convincing  the 
country  banker  of  the  value  of  farm  tractors.  Perhaps 
the  people  who  feel  that  the  country  banker  has  not 
been  convinced  do  not  consider  the  matter  from  the 
banker's  standpoint.  One  of  the  great  troubles  through- 
out the  entire  Country  today  is  that  the  banker  has  been 
oversold.      The    country    banks    are    not    in    a   position 
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ctend  further  accommodation  to  the  farmer  until  he 
has  liquidated  Borne  oi  his  preaenl  debts. 
The  principal  buaineaa  of  the  average   banker  is  to 

imulate  in  the  bank's  vaull  as  much  monej  as  pos- 
Bible.  This  money  must  be  Bold  to  the  borrower  at  a 
profit.  The  money  does  not  belong  to  I  lie  banker;  it 
belongs  to  the  depositors  and  the  law  compels  the  banker 

Bfeguard  the  interests  of  the  depositors  to  the  best 
of  his  ability.  His  only  means  oi  making  money  is  to 
sell  his  depositors'  money  to  the  best  advantage.  He 
must  not  only  have  good  security  but  must  know  that 
the  borrower  has  other  resources.     No  banker  wants  to 

rt  to  foreclosure  to  realize  on  the  security  given  for 
a  loan.  The  banker  knows  from  experience  that  it  is 
perfectly  safe  to  loan  a  tanner  monej  to  buy  horses, 
cattle  or  seeds  and.  if  he  finds  it  necessary  to  resort  to 
the  sale  of  his  securities  tor  any  reason,  he  can  realize 
the  amount  of  the  loan.  There  has  always  been  a  stable 
market  for  livestock;  hence,  the  banker  takes  little 
chance  of  losing  his  money. 

On  the  other  hand,  a  majority  of  the  farmers  who 
desire  to  buy  a  gasoline  tractor  on  credit  expect  the 
banker  to  take  the  tractor  only  as  security.  The  banker 
must  judge  whether  the  tractor  will  be  a  profitable  in- 
vestment for  the  farmer.  If  the  banker  does  not  think 
the  tractor  will  prove  to  be  a  profitable  investment  for 
the  farmer,  he  refuses  to  loan  him  the  money.  I  believe 
that  all  good  bankers  are  ready  and  willing  to  loan 
money  to  any  farmer  who  is  responsible  and  entitled  to 
credit;  that  is  one  of  the  banker's  means  for  making 
money.  The  country  banker  has  been  criticized  too 
severely  for  not  financing  the  farmer  in  his  purchases  of 

Tractor  Suitability 

In  a  recent  report  on  tractors  sent  out  by  one  of  the 
largest  advertising  mediums  it  is  shown  conclusively 
thai  the  broad  level  prairies  are  the  best  field  for  trac- 
tors.  This  indicates  that  the  one-purpose  tractor  has 
proved  successful  in  the  grain-growing  sections  or  the 
prairie  country  devoted  strictly  to  grain,  but  the  com- 
pany making  the  report  questions  whether  the  present 
type  of  tractor  has  proved  successful  and  economical  in 
that  part  of  the  country  where  row  crops  are  grown  to 
a  large  extent,  or  on  the  smaller  farms.  This  advertising 
firm  does  not  doubt  that  we  are  a  long  way  from  having 
convinced  the  farmers  of  the  practicability  of  motorizing 
their  farms;  in  other  words,  it  feels  that  the  farmers 
are  not  thoroughly  convinced  of  the  value  of  power 
farming  and  will  not  be  so  convinced  until  the  tractor 
builder  produces  a  machine  capable  of  doing  really  all 
of  the  farm  work  that  is  performed  at  present  by 
horsepower.  Another  company  sent  out  inquiries  and 
of  the  replies  from  400  farmers  in  sections  where  the 
principal  crops  are  corn,  cotton  and  other  row  crop, 
about  90  per  cent  can  be  classified  as  follows : 

(1)   Not  fitted  to  general  farm  operation 

(  - i   Tractors  should  be  strong  enough  to  plow  and  light 
enough  to  cultivate 

(3)   Cannot  afford  to  buy  a  tractor  for  plowing  and  keep 
horses  to  cultivate 

A  bulletin  recently  issued  shows  that  in  New  York 
State  252  farmers  who  own  tractors  were  able  to  reduce 
their  horse  equipment  22  per  cent.  During  October  and 
November    1920,    representatives   of    the    United    States 


Department  "t  Agriculture  visited  286  tractor  owners 
in  Ohio,  Indiana  and  Illinois.  On  the  average  the  trac 
tors  were  used  for  30.8  full  days  of  the  year.  While  85 
per  cent  of  the  plowing,  75  per  cent  of  the  discing  and 
II  per  cenl  of  the  grain-cutting  was  done  with  the 
tractor,  the  cultivating  of  corn  is  the  operation  that 
requires  the  greatest  amount  of  horse-labor  in  the 
shortest   t  iine  on  t  ho   farm. 

Tractor   DisTtum  mus'  opinions 

I  have  received  letters  from  three  of  the  largest  dis- 
tributors of  tractors,  who  have  had  years  of  experience 
in  this  line  and  know  whereof  they  speak.  1  will  quote 
them  for  further  evidence  of  what  is  necessary  to 
improve  the  tractor  business.  In  a  letter  dated  July 
1921,  one  of  them  said  that  the  company  had  not  sold 
the  number  of  tractors  that  it  should  have  sold  this  year. 
A  special  agent  of  one  of  the  large  traetor-producine; 
companies  stated  that  the  motor  cultivator  supplies  the 
missing  link  in  territory  where  row  crops  are  produced, 
and  that  this  would  allow  his  company  to  sell  tractors  to 
farmers  who  formerly  had  refused  to  purchase  them 
because  they  did  not  replace  horses  for  the  cultivation 
of  the  crops.  This  agent  said  also  that  in  his  opinion 
a  large  tractor  is  necessary  on  the  large  farm  but  that 
it  is  debatable  whether  such  a  tractor  is  profitable  with- 
out the  cultivator.  The  distributing  company  feels  that 
with  the  convertible  machine  any  farmer  who  tills  160 
acres  will  find  it  a  profitable  investment  because  it  can 
be  converted  from  a  tractor  to  a  cultivator  and  will  do 
practically  all  of  the  work  on  a  farm  of  this  size.  An 
instance  was  given  of  a  young  man  who,  while  a  motor 
cultivator  was  being  demonstrated,  drove  it  about  six 
rounds  and  did  nearly  three  times  as  much  work  as  his 
father  and  brother  did  together  with  their  horse-drawn 
cultivators  in  the  same  time. 

Another  company  stated  in  June  1921,  that  it  was 
so  firmly  convinced  that  farm  tractors  are  not  adapted 
economically  to  the  corn  belt  that  it  intended  to  dis- 
continue their  sale.  The  view  was  expressed  that  there 
is  very  little  question  that  a  tractor  will  replace  very 
few  horses  and  men  on  the  average-sized  farm,  of  say 
160  to  200  acres,  unless  some  means  is  arranged  for  tak- 
ing care  of  the  cultivation  of  the  corn.  Further,  that 
the  corn  farmer  must  keep  enough  horses  and  men  to 
cultivate  his  corn  and  that  under  these  circumstances  he 
has  practically  all  the  power  he  requires  except  for  belt 
purposes ;  that  it  is  therefore  plain  that  the  average  farm 
tractor  in  the  corn  belt  is  fundamentally  wrong  in  that 
it  is  not  built  along  lines  that  cause  it  to  function 
economically;  and  that  it  has  been  developed  as  far  as 
it  can  be  developed  unless  some  method  of  handling  the 
corn  cultivation  is  incorporated  into  its  mechanism, 
although  there  is  no  question  that  the  present  type  of 
farm  tractor  is  suitable  for  use  in  the  wheat  fields  in 
the  Northwest  and  in  Western  Canada. 

In  June  1921  the  third  tractor-distributing  company 
wrote  that  it  had  done  too  much  toward  selling  the 
farmer  on  the  word  "tractor",  rather  than  selling  him 
on  a  basis  of  design  and  performance.  This  company 
also  stated  its  belief  that  the  all-purpose  machine  is 
the  one  farm-power  agent  that  will  stand  out  as  a  real 
factor  in  the  solution  of  general  farm-power  problems, 
because  it  is  theoretically,  practically  and  economically 
suitable. 
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rpHE  author  discusses  the  advantages  of  straight 
-*-  chrome-molybdenum  steel,  because  it  has  the  widest 
field  of  usefulness,  and  carbon-molybdenum  steel  in 
sheets  for  pressed-steel  parts.  Reference  is  made  to  a 
bibliography  of  test  results  and  similar  data.  The  use 
of  molybdenum  steel  is  first  considered  in  connection 
with  the  light-weight  car.  The  adaptability  of  this  steel 
to  frame  construction  and  its  use  for  other  parts  also 
are  commented  upon,  inclusive  of  manufacturing  costs, 
and  several  tables  that  embody  comparative  data  are 
presented. 

Three  specific  divisions  of  advantages  gained  through 
use  of  this  steel  are  stated,  and  quotations  are  made 
under  each  division  from  reports  and  statements  of 
metallurgists  and  manufacturers  in  support  of  these 
claims.  The  author  believes  that  the  use  of  molybdenum 
as  an  alloying  element  for  steel  will  have  a  favorable 
effect  on  the  economic  status  of  the  automotive  industry. 

MANY  types  of  molybdenum  steel  have  been  pro- 
duced. Some  of  them  contain  nickel  or  vana- 
dium in  addition  to  chromium  and  molybdenum. 
These  exhibit  extremely  high  physical  properties  but, 
when  commercial  factors  are  taken  into  account,  it  is  ap- 
parent that  the  straight  chrome-molybdenum  variety  has 
the  widest  field  of  usefulness  and  it  is  this  type  of  steel, 
together  with  carbon-molybdenum  steel  in  sheets  for 
pressed-steel  parts,  that  will  be  considered.  The  subject 
divides  itself  naturally  into  a  discussion  of  the  oppor- 
tunities molybdenum  steel  offers  for  lighter  construction 
and  one  relating  to  manufacturing  costs. 

Chrome-molybdenum  steels  show  progressively  higher 
physical  properties  as  the  molybdenum  content  is  in- 
creased up  to  about  1  per  cent.  It  is  claimed  that  any 
particular  steel  in  this  series  will  possess,  when  properly 
heat-treated,  somewhat  higher  characteristics  than  other 
types  of  alloy  steel  that  are  in  the  same  class  from  a  com- 
mercial standpoint;  or,  if  steels  were  sold  on  the  basis 
of  physical  properties,  the  chrome-molybdenum  series 
would  offer  the  greatest  values.  Tables  of  test  results 
and  many  similar  data  have  been  published  as  indicated 
by  the  accompanying  bibliography,2  and  complete  infor- 
mation can  be  obtained  from  most  producers  of  alloy 
steel. 


1M.S.AE. —Vice-president  and   metallurgist.   Climax   Molybdenum 
Co.,  New  York  City. 

»Almo  Steels.    Crucible   Steel    Co.    of   America. 
Molybdenum    Commercial    Steels.    Climax    Molybdenum    Co. 
Molybdenum    as    an    Alloying    Element    in    Structural    Steels    by 

Dr.  G.  W.  Sargent.     See  Transactions  of  the  American  Society 

for  Testing  Materials,  vol.   20,  p.  5. 
Molybdenum    Steels    by    Dr.    J.    A.    Mathews.      See    Mining    and 

Metallurgy,  February.   1921.  p.  39. 
A  Suggested  Method  for  Determining  the  Comparative  Efficiency 

of  Various  Combinations  of  Alloys  in  Steel  by  J.   D.   Cutter. 

See    Transactions    of   American    Society    for    Steel    Treating, 

vol.   1,   p.   188. 
Molybdenum  Steels  by  Charles  McKnight.  Jr.     See  Transactions 

of  American  Society  for  Steel  Treating,  vol.  1.  p.  288. 
Molybdenum    Steel   and   Its  Application   by   M.    H.    Schmid.      See 

Transactions   of  American   Society  for  Steel   Treating,  vol   1. 

p.  500. 
Physical  Properties  of  Materials.  Bureau  of  Standards  Circular 

No.   101. 
Molybdenum    Frames  Mean   More   Mileage  by  R.   F.   Dyer.      See 

Automobile  Topics,  Jan.  22,  1921,  p.  1143. 


Fig.  1  illustrates  the  approximate  relations  of  several 
standard  alloy-steels  to  the  chrome-molybdenum  series. 
If  it  is  true  that  molybdenum  steels  offer  somewhat 
greater  strength,  all  other  things  being  equal,  there 
should  be  opportunities  for  designers  to  reduce  sections 
and  save  weight.  It  is  recognized  that  in  many  members 
of  a  motor  car  extreme  rigidity  is  required  and  that  in 
such  cases  sections  cannot  be  cut  down  by  the  employ- 
ment of  stronger  material.  It  seems  that  there  is  a 
possibility,  however,  of  allowing  flexibility  in  some  parts 
that  ordinarily  are  made  rigid.  The  frame  is  a  case  in 
■point.  It  is  usual  to  rely  upon  the  frame  to  impart  to  the 
body  the  rigidity  necessary  for  maintaining  the  proper 
alignment  of  doors  and  the  like;  but  it  is  possible  to 
incorporate  stiffening  members  in  the  body  itself  and  by 
suitable  attachment  of  the  body  to  the  frame  to  allow 
great  flexibility  in  the  frame.  This  should  add  to  the 
riding  qualities  of  the  car. 

Fig.  2  illustrates  the  two  methods.  Certain  cars  have 
been  constructed  for  years  in  the  principle  shown  in  the 
lower  portion  of  this  illustration.  Flexible  frames  can 
be  made  of  heat-treated  alloy-steel  and  much  lighter  than 
the  rigid  frames.  The  question  has  been  raised  whether 
the  weight  that  is  saved  in  the  frame  does  not  have  to 
be  added  to  the  body  to  give  it  rigidity.  This  has  not 
been  found  to  be  the  case.  The  body  is  not  called  upon 
to  carry  so  heavy  a  load  and  the  distance  between  sup- 
ports is.  much  shorter.  For  trucks,  the  light-weight  flex- 
ible-frame should  be  extremely  advantageous,  as  there  is 
apparently  no  reason  for  rigidity  in  most  cases. 

Adaptability  to  Frame  Construction 

Molybdenum  sheet  steel,  both  with  and  without  any 
chromium  content,  has  proved  especially  adapted  to  the 
construction  of  frames.  It  can  be  rolled  easily  into  plates 
or  sheets  free  from  laminations  and  having  clean  and 
smooth  surfaces,  can  be  formed  without  difficulty  and, 
when  heat-treated,  affords  high  elastic  limits.  Reduc- 
tions in  weight  can  be  effected  up  to  70  per  cent  of  the 
carbon-steel  rigid  frame.  Table  1  is  a  comparison  of 
frame  steels. 

Heat-treated    alloy  steel    frames    will    have    a    much 


TABLE  1 — COMPARISON  OF  FRAME  STEELS 


Type  of  Steel  Condition 

Carbon  Untreated 

Carbon  Treated 
Straight  Molybdenum  Treated 
Chrome-Molybdenum 

(Mo  0.30  to  0.50)  Treated 
Chrome-Molybdenum 

(Mo  0.80  to  1.00)  Treated 


Elastic 

Limit,3 

lb.  per 

sq.  in. 

40,500 

65,400 

90,000 

120,000 

157,000 


Possible 

Saving  in 

Weight, 

per  cent 

0 

38 

55 

67 

70 


"The  minimum  elongation  in  2  in.  corresponding  to  the 
above  figures  for  the  elastic  limit  is  16  per  cent.  The  dimen- 
sions of  the  test-piece  are  14  x  %  in. 
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greater  longevity  and  resistance  to  fatigue,  as  the  Stan- 
ton tests  of  Table  2,  which  is  included  through  the  cour- 
tesy of  John  Miller,  metallurgist  of  the  Pierce-Arrow 
Motor  Car  Co.,  Buffalo,  Indicate,  This  tost  approximates 
service  conditions  better  than  any  other  laboratory  life- 
test  of  which  I  know. 


•Specimen!     '..    In.    wide    and    '■  ';!-    In.    thirl;;    not    rotated, 
supported    on     ■  tance     between     support!       ''■ 

V-notch   in   center  of  bottom  edge,   0.05   In.   deep.     Radlua  at 
point  of  notch,  0.02  m      Load  applied  .a  center  of  u] 
5  Vu  lb.     Weight  dropped  a  distance  of  1  in.,  100  times  per  mm 

Use  for  Other  Pressed-Steel  Parts 

The  performance  of  molybdenum  sheet  steel  when  used 
in  frames  has  led  to  an  investigation  of  its  value  as  ap- 
plied to  other  pressed-steel  parts  such  as  rims,  disc 
wheels,  hubs,  rear-axle  housings  and  the  like.  It  is  per- 
haps too  early  to  make  a  positive  statement  as  to  the 
degree  of  success  that  will  attend  efforts  to  save  weight 
in  such  members.  The  feasibility  of  heat-treatment  has 
not  been  proved  in  all  cases,  and  there  may  be  mechanical 
limitations  that  will  affect  the  reduction  that  would  be 
possible  from  the  purely  theoretical  standpoint  of  the 
strength  of  materials.  The  evidence  to  date,  however, 
leads  to  the  belief  that  important  developments  in  this 
field  are  at  hand.  It  should  be  noted  that  the  parts  men- 
tioned are  classed  as  unsprung  weight  and  whatever  sav- 
ing is  accomplished  is  double  important  for  that  reason. 

The  type  of  steel  that  has  been  most  widely  used  in 
this  connection  is  an  ordinary  deep-drawing  stock  to 
which  about  \\  per  cent  of  molybdenum  has  been  added. 
Such  a  steel  possesses  extreme  ductility  in  the  rolled 
state  and  considerable  strength  when  heat-treated,  as 
will  be  seen  by  referring  to  Table  3.  The  test-piece  was 
iy2  in.  wide  and  9  in.  long. 

TABLE  3 — DUCTILITY  AND  STRENGTH  ;   >/i   PER  CENT  MOLYB- 


DENUM   CONTENT 

Thickness  of  Elastic  Limit, 

Sheet,  in.  Condition       lb.  per  sq.  in. 

5/32  As  rolled  45,640 

5/32  Quenched       i  n 

w  a  t  e  r     from 

1600  deg.  fahr. 

Drawn   to   900 

deg.  fahr.  120,470 


Elongation 
in  2  In., 
per  cent 
44.5 


7.5 


It  has  been  said  often  that  the  total  amount  of  alloy 
steel  in  the  average  car  is  not  more  than  one-fifth  of  the 
total  weight  and  that,  for  this  reason,  the  employment 
of  a  steel  of  slightly  greater  strength  could  not  affect 
the  total  weight  by  a  very  wide  margin.  However,  mo- 
lybdenum steel  has  without  doubt  broadened  the  sphere 
of  usefulness  of  alloy  steels  greatly,  thus  multiplying  the 
opportunities  for  lighter  construction. 

Molybdenum  Steel  and  Manufacturing  Costs 

Molybdenum  steel  offers  the  greatest  economy  in  the 
cost  of  material  for  given  physical  properties  in  the  fin- 
ished piece.  Aside  from  this  first  cost  there  are  those  of 
forging,  heat-treating  and  machining.  So  much  has  been 
published  on  the  performance  of  molybdenum  steels  in 
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TABLE   2 — STANTON    TESTS  OF   HEAT-TREATED  ALLOY-STEEL 

ii 

FRAMES 

•e 

Number  of  Impacts 

Type  of  Steel' 

Condition 

Before  Fracture 

*c 

Carbon 

Untreated 

<;7  (bent) 

£ 

Carbon 

Treated 

8,876 

Chrome-Nickel 

Treated 

11,418 

Chrome-Molybdenum 

Treated 

13,071 

BQ 

70 

60 

r 
t 

■  50 
i 

i 
I   30 

M 


* 

Carbon        =0.20-0.30 
Manganese  =  O.SO  -  0.80 

"uj- 
"3 

—  "> 

Uj 

—  ^ 
•    "5 

.....      ...      .... 

Elastic  Limit-  •  150,000  Ibpersq  iff. 

J 

UJ 

0  

0        0.10      0.20       O30      0.40       050      0.6O      0.70       080       0.90      1.00 

Molybdenum  Content,  per  cent 

Fio.     1 — Approximate    Relations    op    Several    Standard    Allot- 

Steels  to  the  Chrome-Molybdenum   Series 

these  three  basic  operations,  that  only  the  briefest  out- 
line of  the  characteristics  that  have  been  noted  will  be 
offered  here,  together  with  supporting  quotations  from 
technical  papers  or  written  reports  at  various  plants. 

In  forging,  molybdenum  steel  offers  a  wide  range  of 
permissible  temperatures,  flows  readily  in  the  dies  and 
throws  the  scale  easily.  The  last  quality  is  most  pro- 
nounced in  comparison  with  nickel-bearing  steels  and  is 
a  large  factor  in  eliminating  rejections. 

A  forging  inspector  states, 

It  is  apparent  that  chrome-molybdenum  steel  has  a 
wider  forging-range  than  chrome-nickel  steel.  We  had 
one  of  the  oldest  and  best  hammer  men  in  the  shop  on 
this  job  and  he  was  highly  pleased  with  the  way  that 
this  steel  worked.  A  new  set  of  dies  was  used  and  the 
axle  was  filled  out  perfectly  at  all  points,  which  is  very 
unusual  with  chrome-nickei  steel  under  the  same  condi- 
tions.   There  was  no  scrap  from  the  100  axles  forged. 

The  research  department  of  a  large  steel  company 
reports, 

It  is  noticeable  that  the  nickel-steel  scale  adhered 
very  strongly  to  the  bar  and  was  very  difficult  to  re- 
move; and  that  the  nickel-chrome  steel  showed  the  same 
quality  to  a  less  extent.  But  the  scale  on  the  chrome- 
molybdenum  steel  came  off  readily.  The  effect  that  this 
adhesion  of  scale  has  on  the  surface  condition  of  finished 
steel  during  the  working  process  is  to  increase  the  prev- 
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alence  of  pits  and  other  surface  roughnesses  on  account 
of  having  the  scale  rolled  in. 

Parts  made  of  chrome-molybdenum  steel,  the  analysis 
of  which  is  controlled  properly,  can  be  quenched  in  water 
without  fear  of  cracking.  The  range  of  temperature  al- 
lowable in  heat-treating  is  wide,  which  is  a  tremendous 
advantage  in  quantity  production. 

An  automobile  metallurgist  says, 

Chrome  and  nickel  steels  have  to  be  held  within  a 
very  narrow  heating-range  before  quenching  and  in 
drawing,  to  bring  out  the  necessary  physical  properties 
to  the  best  advantage.  This  has  necessitated  an  elab- 
orate temperature  control,  constant  watchfulness  and 
a  very  thorough  inspection  of  all  forgings  passing  out 
of  the  heat-treatment  department.  In  the  heat-treating 
of  the  experimental  lots  of  forgings  made  from  chrome- 
molybdenum  steel,  we  quenched  at  temperatures  varying 
from  1525  to  1600  deg.  fahr.  Our  drawing  temperatures 
varied  from  1025  to  1150  deg.  fahr.  Despite  this,  all 
the  forgings  passed  our  physical  requirements  and  no 
trouble  was  experienced  with  cracking. 

The  marked  machinability  of  the  steel,  especially  in  the 
heat-treated  state,  is  the  quality  that  will  have  the  great- 
est bearing  on  the  decreased  cost  of  production. 

Dr.  John  A.  Mathews,  in  a  paper  on  Molybdenum 
Steels,5  that  was  presented  at  the  1921  annual  meeting 
of  the  American  Jnstitute  of  Mining  and  Metallurgical 
Engineers,  says 

Molybdenum  steels  seem  to  machine  more  readily 
than  other  steels  at  a  given  Brinell  hardness.  This 
would  mean,  of  course,  that  parts  that  must  be  heat- 
treated  and  machined  afterward  could  be  utilized  in  a 
state  showing  higher  physical  properties  than  have 
been  obtainable  customarily. 

The  automobile  metallurgist  previously  quoted  on  the 
wide  temperature-range  possible  for  quenching  and  draw- 
ing says  also, 

On  the  lathe  operation  our  average  production  of 
nickel-steel  steering-knuckles,  with  a  Brinell  hardness 
range  of  253  to  283  and  without  regrinding  the  tools, 
has  been  30.  We  were  able  to  put  through  100  chrome- 
molybdenum  steering-knuckles  with  a  higher  Brinell 
hardness  of  311  to  321  without  regrinding,  an  increase 
of  over  300  per  cent. 

Charles  McKnight,  Jr.,  works  manager  of  the  Carbon 
Steel  Co.,  states,6 

In  a  laboratory  test  the  machining  qualities  of  chrome- 
molybdenum  and  nickel-chrome  steel  were  obtained  by 
heat-treating  a  specimen  of  each  in  exactly  the  same 
manner  and  at  the  same  time.  The  physical  properties 
of  both  were  similar,  with  a  slightly  higher  Brinell  hard- 
ness on  the  chrome-molybdenum  steel.  These  specimens 
were  placed  in  a  lathe  and  while  the  feed,  shape  of  tool 
and  depth  of  cut  were  kept  constant,  the  speed  was  in- 
creased until  one  or  the  other  turned  to  a  blue  color. 
This  occurred  first  with  the  chrome-nickel  steel  and, 
when  it  did  occur,  no  discoloration  was  apparent  on  the 
piece  of  chrome-molybdenum  steel. 

The  following  extract  is  taken  from  a  report  prepared 
by  the  time-study  department  of  a  well-known  automo- 
bile plant: 

Operation  No.  70  is  to  center  both  ends.  The  stand- 
ard time  per  piece  is  0.30  min.  and  it  is  the  same  on 
nickel  steel.  Centering  tools  will  last  approximately 
25  per  cent  longer  on  this  material  than  on  nickel  steel, 


"See  Mining  and  Metallurgy,  February,  1921.  p.  39. 
*  See  Transactions  of  American  Society  for  Steel  Treating,  vol.   1. 
p.  500. 


according  to  our  check.  Operation  No.  90  is  to  drill 
one  hole  %  in.  in  diameter,  and  1  7/16  in.  deep.  The 
standard  time  per  piece  is  0.72  min.  and  it  is  0.79  min. 
on  nickel  steel.  The  Baker  drilling  machine  runs  at  a 
speed  of  250  r.p.m.,  with  a  0.013-in.  feed;  and  at  250 
r.p.m.  with  a  0.012-in.  feed  on  nickel  steel.  A  two-flute 
Detroit  twist  drill  is  used.  On  the  test,  50  pieces  were 
drilled  on  one  grinding  of  the  drill,  which  was  still  in 
good  condition.  On  3%-per  cent  nickel-steel  the  oper- 
ator has  to  grind  the  drills  every  10  or  12  pieces;  also, 
there  is  a  breakage  of  from  one  to  three  drills  per  day's 
run. 

There  is  another  important  way  in  which  molybdenum 
steels  may  have  an  effect  on  manufacturing  costs.  It  is 
necessary  to  employ  in  automobile  construction  steels  of 
a  wide  range  of  physical  properties;  however,  standard- 
ization not  only  in  production  methods  but  in  materials 
is  the  basis  on  which  economical  quantity-production 
exists.  The  fewer  the  kinds  of  material  necessary,  the 
greater  the  efficiency  in  purchasing  and  inspection  will 
be.  Molybdenum  steel  offers  the  possibility  of  a  single 
basic  type,  in  a  few  grades  differing  chiefly  as  to  carbon 
content,  covering  all  of  the  numerous  combinations  of 
properties  required  from  the  extremely  hard  ball-bear- 
ings through  the  various  tempered,  toughened  or  case- 
hardened  articles  to  the  ductility  required  in  deep-draw- 
ing stock  for  pressed  steel  parts.  Further,  the  analysis 
range  of  the  several  grades  may  often  be  contiguous. 
The  benefits  and  economies  accruing  to  both  steel  con- 
sumer and  producer  from  such  a  procedui-e  are  obvious. 
The  former  can  employ  relatively  narrower  specification 
limits,  while  to  the  producer  the  chance  of  loss  from  "off- 
heats"  is  minimized. 

The  attempt  has  been  made  in  this  paper  to  show  how 
the  use  of  molybdenum  as  the  principal  alloying  element 
in  our  steels  might  be  an  important  factor  in  the  ability 
of  builders  to  produce  lighter  and  more  economical  cars 
which,  in  turn,  should  have  a  favorable  effect  on  the  eco- 
nomic status  of  the  industry.  It  has  been  stated  also 
that  this  steel  made  economies  in  manufacture  possible. 
It  would  not  be  proper  to  dismiss  this  subject  without  a 
few  words  as  to  the  available  supply  of  this  metal.  The 
huge  deposits  of  molybdenum-bearing  ores  located  in  the 
United  States  constitute  one  of  the  most  important  and 
unique  natural  resources  of  this  Country.  The  steel  in- 
dustry is  assured  of  an  adequate  supply  to  meet  any  con- 
ceivable demand  for  an  indefinite  period.  This  is  the 
only  steel-alloying  element  that  is  so  found  within  our 
borders;  all  of  the  others  must  be  largely  imported. 
Molybdenum  alone  can  render  us  independent  of  foreign 
sources  of  supply  for  the  metals  necessary  to  the  pro- 
duction of  alloy  steels. 

THE  DISCUSSION 

A  Member: — Do  you  ever  advise  the  use  of  molybde- 
num steel  in  the  non-heat-treated  condition  for  pressed- 
steel  parts? 

John  D.  Cutter: — The  molybdenum  steel  that  has  been 
used  in  frames  and  in  other  pressed-steel  parts  exhibits 
a  somewhat  higher  elastic  limit  in  the  rolled  condition 
than  the  ordinary  soft  steel;  an  advantage  can  be  gained 
but  it  is  not  nearly  so  important  a  one  as  when  heat- 
treatment  is  employed. 

A  Member: — Is  the  advantage  as  high  as  10  or  15 
per  cent,  or  higher? 

Mr.  Cutter: — I  think  it  is  perhaps  somewhat  higher 
than  that ;  about  20  per  cent  might  be  gained,  with  a  20- 
per  cent  reduction  in  weight. 

A  Member  :— What  of  the  increased  cost  of  heat- 
treatment  and  of  straightening  after  heat-treatment? 
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Mr.   ii  Some   frame   manufacturers   have  fig- 

ured  that  the  cost  of  the  Frame  made  of  heat-treated 

alloy-steel  is  do  greater  than  that  of  the  Boft-steel  frame 

ted.    In  other  words,  the  reduction  in  weight 

he  increased  cost  of  the  material  and 
the  cost  of  heat-treatment. 

A  Member:     Does  that  apply  to  reduced  sections? 

Mr.  Cutter:— "S 

A  MEMBER:  How  does  thai  affect  the  Btiffness  when 
the  sections  arc  reduced V 

Mk.  Cutter:— The  Btiffness  is  reduced  when  the  sec- 
tions are  lightened. 

A   MEMBER: — Then  it    is  not   advisable  to  reduce  the 
ons, 

Mr.  Cutter:— If  stiffness  is  required,  it  cannot  lie 
done.  For  passenger  cars,  unless  a  change  in  body  de- 
sign similar  to  that  illustrated  in  my  paper  is  effected 
and  the  frame  is  not  required  to  be  rigid,  there  is  no 
advantage  in  the  heat-treated  alloy-sieel  frame  except 
that  it  overcomes  the  possibility  of  permanent  set  and 
ha-  a   higher   factor  of  safety. 

A  Member  :—With  the  lighter  section  of  steel  a  frame 
is  produced  that  is  tlexihle.  Will  this  not  allow  greater 
wear  on  the  spring-shackles  and  bearings? 

Mr.  Cutter: — I  can  conceive  of  that,  yes.  There  have 
been  several  cars  and  trucks  that  have  employed  flexible 
flames  for  years  and  there  has  been  no  trouble  from 
that  source. 

A  .Member: — Is  the  finish  any  better  than  with  carbon, 
chrome-vanadium  or  chrome-nickel  steels'.' 

Mr.  Cutter: — I  think  no  pits  are  eliminated  as  com- 
pared with  straight  carbon-steel;  the  finish  has  been 
reported  to  be  much  superior  to  that  of  nickel-bearing 
steels  and  of  chrome-nickel  steels  also. 

A   Member: — Is   molybdenum   steel  rust-proof? 

Mk.  Cutter: — There  is  a  patent  on  a  very  soft  low- 
carbon  steel  that  contains  a  small  amount  of  molybdenum 
and  is  supposed  to  be  rust-proof,  but  I  have  never  proved 
that  myself. 

S.  P.  Hess:— Is  this  type  of  steel  suitable  for  leaf 
springs? 

Mr.  Cutter: — It  is  a  very  good  spring  steel.  The 
Fifth  Avenue  Coach  Co.,  of  New  York  City,  had  some- 
thing like  60  such  springs  on  its  omnibuses  and  has 
been  keeping  an  accurate  record,  taking  them  all  off, 
measuring  each  set  periodically  and  comparing  them 
with  the  other  alloy-steel  springs  that  they  use.  Their 
report  is  very  favorable.  Only  three  springs  have  been 
broken  to  date,  which  is  a  lower  percentage  than  they 
have  ever  attained  before.  It  may  be  10  years  before 
they  will  present  a  full  report. 

Mr.  Hess: — What  is  the  elastic  limit  in  comparison 
with  that  of  chrome-vanadium  steel? 

Mr.  Cutter: — It  is  approximately  the  same;  generally, 
it  is  about  180,000  lb.  per  sq.  in.  for  most  springs. 

Mr.  Hess: — What  is  the  comparison  as  regards  length 
of  life? 

Mr.  Cutter: — I  think  the  bus  test  which  I  mentioned 
is  the  best  one  that  I  can  quote,  as  indicating  the  length 
of  life.  My  opinion  is  that  fatigue  is  more  dependent 
on  the  homogeneity  of  the  steel  than  on  any  given 
analysis.  No  matter  what  their  composition,  I  believe 
that  if  steels  were  subjected  to  identical  physical  stresses 
in  a  static  test  and  were  identically  homogeneous,  there 
would  be  very  little  difference  in  the  length  of  life. 

Mr.  Hess  : — What  should  be  the  percentage  of 
molybdenum   content   of  spring  steels? 

if  Mines  Circular  No.   3.  p.  37. 


Mi;  CUTTl  k:— The  molybdendum  content  in  the  steels 
actually  used  has  \ aried  between  0.8  and  0.5  per  cent 
but   it  can  run   from  nothing  to  as  high  as  1  per  cent. 

MB.  HESS:  1  understand  thai  there  is  a  slight  per- 
centage of  copper  in  molybdenum  steels.  Does  that  have 
any  inlluence  on  molybdenum  steels  in  a  heat-treated 
state? 

Mr.  Cutter:-  -It  may  have  an  influence.  Most  of  the 
ores  of  molybdenum  are  very  free  from  cupper.  Our 
own  molybdenum  ore  is  almost  entirely  free  from  any 
copper-content. 

Mk.  Hess: — Is  not  the  ore  found  usually  in  the  copper 
districts?  Possibly  the  trace  of  copper  is  due  to  that 
fact. 

Mr.  Cutter:— It  is  found  in  the  Rocky  Mountains  and 
so  is  copper,  but  there  is  not  very  much  copper  near  the 
deposits.  There  is  merely  a  trace  discoverable  occa- 
sionally and  most  concentrates  that  are  on  the  market 
today  are  very  free  from  copper.  There  is  no  danger 
of  copper  being  introduced  into  molybdenum  steels 
class  or  of  its  having  an  injurious  effect  on  the  steel. 

Mr.  Hess: — What  is  the  approximate  limit  of  heat- 
treatment  on  molybdenum  steel  for  springs,  with  refer- 
ence to  the  quenching  operation? 

Mk.  Cutter: — When  the  carbon  content  is  as  high  as 
it  is  in  spring  steel,  I  believe  that  the  range  is  nowhere 
near  as  wide  as  it  is  in  the  lower-carbon  forging  steel. 
Springs  should  be  heat-treated  accurately. 

Mr.  Hess: — I  ask  that  quest  ion  because  we  know  that 
chrome-vanadium  steel  has  a  wide  range. 

Mr.  Cutter: — I  believe  chrome-molybdenum  steel  has 
an  equal  range,  but  that  fatigue  or  impact  tests  are  apt 
to  narrow  that  range  in  both  steels. 

H.  G.  Peebles:— The  Bureau  of  Mines  states  that  the 
penalty  is  high  for  copper  content  in  the  ores.  Has  any 
headway  been  made  in  the  last  2  years  regarding  the 
separation  of  copper  from  the  molybdenum  in  the  ores 
of  the  Southwest?  I  understand  that  the  Mexican  mines 
have  been  closed  on  account  of  the  copper  content.7 

Mr.  Cutter: — We  had  some  concentrates  offered  us 
from  that  district  not  long  ago  and  rejected  them  on 
account  of  the  copper  content.  There  are  some  deposits 
that  have  a  large  copper  content  but  ours  have  not.  The 
Mexican  molybdenum  mines  are  negligible. 

C  W.  Jinnette: — Is  molybdenum  steel  used  in  crank- 
shafts, camshafts  and  piston-pins? 

Mr.  Cutter: — Yes,  it  has  been  eminently  approved  in 
a  number  of  places.  Some  shops  have  found  that  they 
can  eliminate  straightening  operations  by  the  use  of 
molybdenum  steel  in  crankshafts  because  the  distortion 
is  not  so  great;  the  machinability  is  good.  The  piston- 
pins  and  camshafts  would  be  of  carbonizing  steel,  and  it 
appears  that  the  elimination  of  chromium  in  the  carbon- 
izing steel  would  make  even  a  better  steel  than  the 
chrome-molybdenum  case-hardening  steel.  There  is  a 
very  pronounced  effect  of  the  molybdenum  in  steel  for 
carbonizing  purposes.  The  carbon  penetrates  very  much 
more  rapidly  than  it  does  with  a  steel  containing  nickel. 
In  some  cases  the  time  has  been  reduced  materially  in 
the  carbonizing  process.  The  core  can  be  made  extremely 
tough  and  the  case  hard  and  strong. 

Mr.  Jinnette: — Is  there  any  trouble  due  to  cracking? 

Mr.  Cutter: — No;  I  have  never  heard  of  any  such 
trouble. 

Mr.  Jinnette: — How  do  the  tooling  or  grinding  costs 
compare  ? 

Mr.  Cutter: — I  have  no  such  data.  I  presume  thai 
would  be  a  function  of  the  hardness. 

Mr.  Jinnette: — We  find  in  grinding  that  we  have  h;<  I 
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slightly  more  trouble  and  that  we  require  softer  wheels. 
The  metal  takes  a  beautiful  finish. 

Mr.  Cutter: — But  do  you  not  find  that  the  wheels 
must  be  changed  oftener  and  that  you  cannot  use  the 
wheels  for  so  long  a  time? 

Mr.  Jinnette: — Yes,  it  requires  wheels  from  1  to  3 
grades  softer  and  in  some  instances  a  little  coarser  than 
the  ordinary  wheel  used  on  camshafts  and  crankshafts 
made  of  drop-forged  low-carbon  steel.  The  grades  of 
wheel  ordinarily  used  are  too  hard  on  both  the  finishing 
and  roughing  operations. 

A  Member: — Have  you  rolled  any  steel  as  thin  as 
0.035  in.  and,  if  so,  have  you  had  any  difficulty  in  roll- 
ing it? 

Mr.  Cutter  : — No,  the  thinnest  stock  has  been  0.064  in. 

A  Member: — In  rolling  a  sheet  like  that  without 
lamination,  have  you  had  any  difficulty  in  keeping  it  flat? 

Mr.  Cutter: — No  such  difficulty  has  been  reported  by 
anyone  who  has  done  that  work.  I  am  having  some  steel 
cold-rolled  to  0.01  in. 

R.  W.  Wilson  : — Have  you  made  any  recommendation 
regarding  molybdenum  steel  for  axle  shafts? 

Mr.  Cutter: — The  specification  would  depend  upon 
the  design  and  the  stress  to  which  the  axle  shaft  would 
be  subjected.  The  type  of  molybdenum  steel  that  has 
been  most  widely  used  and  recommended  for  axle  shafts 
is  of  0.40  per  cent  carbon,  with  0.80  to  1.10  per  cent  of 
chromium  and  0.25  to  0.40  per  cent  of  molybdenum. 

Mr.  Wilson: — What  elastic  limit  does  it  have  in  the 
heat-treated  condition? 

Mr.  Cutter: — That  depends  upon  the  drawing  tem- 
perature. Elastic  limits  can  be  obtained  for  axle  shafts 
as  high  as  175,000  lb.  per  sq.  in.,  and  perhaps  higher 
than  that. 

Mr.  Wilson: — What  elongation  would  that  permit? 

Mr.  Cutter: — About  12  per  cent. 

Mr.  Wilson: — How  does  that  steel  compare  with  the 
S.A.E.  No.  3140  steel  in  price? 

Mr.  Cutter: — The  type  of  steel  I  mentioned  would  be 
somewhat  more  expensive  than  the  No.  3140  steel.  It 
would  cost  about  the  same  as  S^-per  cent  nickel  or 
S.A.E.  No.  2340  steel. 

W.  C.  Peterson: — In  connection  with  gears  and  par- 
ticularly transmission  gears  that  are  oil-hardened,  what 
are  the  abrasive  qualities  of  molybdenum  steel? 

Mr.  Cutter: — Very  few  oil-hardened  gears  have  been 
made  of  chrome-molybdenum  steel.  Transmission  gears 
have  been  made  of  a  chrome-nickel-molybdenum  steel 
that,  so  far  as  I  know,  have  exhibited  the  best  qualities 
in  regard  to  resistance  to  abrasion.  They  are  used  in 
the  Wills-St.  Claire  car.  The'  steel  showed  an  elastic 
limit  of  about  300,000  lb.  per  sq.  in. 

Mr.  Peterson: — Is  it  true  that  the  elongation  curve 
runs  in  a  straight  line  over  a  considerable  part  of  the 
drawing  temperature-range?  I  refer  to  the  chrome- 
molybdenum  series  of  0.40  per  cent  molybdenum,  1  per 
cent  chromium  and  about  0.40  to  0.45  per  cent  carbon. 
Does  not  the  elongation  curve  remain  a  straight  line 
over  a  distance  say  from  about  500  to  800  deg.?  If 
that  be  true,  does  the  impact  change  from  a  compara- 
tively low  value  at  500  deg.  to  a  considerably  higher 
value  at  800  deg.? 

Mr.  Cutter:— It  is  considerably  higher,  undoubtedly, 
at  800  than  at  500  deg. 

Mr.  Peterson :— But  the  elongation  does  not  change; 
that  is  different  from  other  steels. 

Mr.  Cutter:— I  think  the  range  you  state  is  somewhat 
high.  I  think  the  elongation  curve  is  rather  flat  at  low 
drawing-temperatures;   that  is,  if  one   goes   back  from 


200  to  600  deg.,  but  it  surely  begins  to  rise  before  600 
deg. 

Mr.  Peterson: — The  curve  remains  a  straight  line 
from  400  to  750  deg.  and  the  impact  value  at  400  deg.  was 
low.  It  was  out  of  order  as  compared  to  other  steels.  I 
had  time  only  to  find  out  that  the  impact  value  was 
gradually  becoming  greater  as  we  came  near  750  deg. 

Mr.  Cutter: — The  tests  that  I  have  from  steel  com- 
panies on  that  type  of  steel  do  not  show  that  pronounced 
flatness  of  the  elongation  curve  at  such  high  drawing- 
temperatures  as  you  mention.  I  have  no  impact-test  re- 
sult on  that  type  of  steel  at  those  low  drawing-tempera- 
tures. 

A  Member: — Has  molybdenum  any  advantages  over 
tungsten,  as  an  alloy  in  cutting  tools?  The  experiments 
carried  out  by  the  Navy  Department  some  5  or  6  years 
ago  indicated  that  it  was  inferior  to  tungsten  for  rough- 
ing work  and,  in  a  small  proportion,  it  seemed  to  help 
out  the  cobalt-chrome  combination,  but  the  matter  was 
dropped  after  a  very  short  time  and,  so  far  as  I  know,  no 
work  has  been  done  in  that  direction  for  a  number  of 
years  past.  As  I  understand  it,  molybdenum  acts  as  a 
substitute  either  for  tungsten  in  a  cutting  tool  or  for 
cobalt  in  a  service  member,  so  to  speak.  Just  as  a  rough 
approximation,  how  would  you  compare  molybdenum  to 
tungsten? 

Mr.  Cutter: — I  would  not  compare  it  because,  in  high- 
speed or  cutting  steels  where  molybdenum  is  used  as  a 
substitute  for  tungsten,  a  content  of  4  to  8  per  cent  is 
required  and,  when  added  to  steel  in  those  relatively  high 
percentages,  molybdenum  has  been  found  not  practical. 
Cutting  steels  made  with  molybdenum  as  the  principal 
element  have  been  extremely  efficient  and  given  very  good 
results  on  cutting  tests,  but  it  has  never  been  possible  to 
duplicate  those  tests ;  it  has  never  been  possible  to  make 
a  number  of  pieces  of  steel  that  would  show  a  high  aver- 
age result.  I  think  the  reason  is  that  molybdenum  has  a 
tendency  to  volatilize  near  the  surface  of  the  steel  when 
added  in  those  high  percentages.  In  fact,  a  yellow  smoke 
can  be  noticed  coming  off  the  steel  when  it  is  heated  for 
forging  or  rolling.  Perhaps  there  is  a  chance  for  a 
molybdenum  high-speed  steel  for  tools  that  are  to  be 
ground  considerably,  but  for  a  standard  steel  to  be  used 
for  all  purposes  I  think  that  it  is  not  practical  at  all.  So 
far  as  I  know,  no  molybdenum  high-speed  steels  are  be- 
ing made  in  this  Country.  In  combination  with  cobalt, 
there  have  been  molybdenum  high-speed  steels  for  which 
great  things  were  claimed,  but  they  have  been  with- 
drawn also. 

A  Member  : — I  presume  that  the  molybdenum  chip  is 
rather  fragile;  that  it  is  torn  off  in  a  brittle  flake  rather 
than  pulled  out  like  a  fiber. 

Mr.  Cutter: — We  know  that  is  the  case  with  screw 
stock.  H.  T.  Chandler,  of  C.  H.  Wills  &  Co.,  has  an  in- 
testing  explanation  of  the  superior  machinability  of 
molybdenum  steel  in  the  heat-treated  state  as  compared 
with  other  alloys.  He  attributes  it  to  the  greater  re- 
duction of  area  because,  as  a  tool  passes  through  the 
steel,  the  steel  that  has  the  property  of  necking  down  the 
most,  as  exhibited  in  the  tensile  test,  will  not  have  so 
much  material  affected  on  either  side  of  the  tool,  and 
therefore  it  machines  more  easily. 

A  Member: — In  what  way  would  molybdenum  be 
superior  to  tungsten  in  the  ordinary  service  members 
of  the  automobile?  So  long  as  tungsten  sells  at  about 
one-half  the  price  of  molybdenum,  it  certainly  would  be 
a  competitor  as  regards  cost. 


(Concluded  on  page  347) 
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The  Summer  Meeting 


AS  this  issue  of  THE  JOURNAL  goes  to  press,  the 
number  of  reservations  for  the  Summer  Meeting 
baa  reached  421.  Consideration  of  the  fad  thai 
the  meeting  will  not  convene  until  June  20  convinces  one 
that  a  large  attendance  is  assured,  and  also  serves  to 
remind  the  tardy  that  the  choicest  rooms  are  being  dis- 
posed of  rapidly.  For  the  convenience  of  those  who  have 
not  yet  forwarded  their  applications  for  rooms,  a  blank 
is  printed  on  page  69  of  the  advertising  section  of  this 
issue  of  The  Journal.  Mail  this  to  the  offices  of  the 
Society  with  your  check  or  money  order  at  once.  The 
hotel  is  not  permitted  to  accept  applications  direct. 

The  Technical  Sessions 

Progress  has  been  made  by  the  Meetings  Committee 
in  the  selection  of  papers  to  be  read  at  the  Summer  Meet- 
ing and  the  program  is  practically  completed  at  this 
early  date.  Six  sessions  have  been  decided  upon  and  will 
be  known  as  the 

i  1  )    Research   Session 

(2)    Fuel  and  Engine  Session 

(.". )    Passenger-Car  Session 

(4)  Aeronautic  Session 

(5)  Mutorbus  Session 

(6)  Service  Engineering  Session 

A  report  from  the  Research  Department  of  the  Society 
will  be  the  nucleus  of  the  Research  Session.  This  report 
will  treat  principally  the  motor-fuel-volatility  and  high- 


way-research projects  in  which  the  Society  has  been  par- 
ticipating. Fuel  tests  are  being  conducted  as  outlined 
bj  the  Research  Department,  the  Bureau  of  Standards 
and  the  Bureau  of  Mines,  and  the  full  support  of  the 
National  Automobile  Chamber  of  Commerce  and  the 
American  Petroleum  Institute  is  expected. 

Several  papers  will  be  presented  in  the  Fuel  and  En- 
gine Session.  Thomas  Midgley  Jr.,  whose  contributions 
are  always  received  with  interest,  will  submit  some  data 
on  the  characteristics  of  blended  fuels.  Two  papers  will 
be  contributed  on  the  pumping  of  oil  in  engine  cylinders, 
a  current  problem  demanding  special  study.  One  of  these 
will  be  presented  by  an  engine  designer,  A.  A.  Bull,  and 
the  other  by  a  lubrication  engineer,  G.  A.  Round.  A 
paper  on  the  present  status  of  the  hot-spot  method  of 
handling  fuels  of  low  volatility  will  complete  the  group 
of  papers  in  this  session.  This  will  be  presented  by 
F.  C.  Mock. 

Complete  plans  for  the  Passenger-Car  Session  are  not 
ready  for  announcement,  although  two  papers  have  been 
definitely  settled.  Our  national  meetings  would  not 
seem  complete  without  at  least  one  technical  paper  from 
the  automotive  laboratory  of  the  Bureau  of  Standards. 
This  summer  its  paper  will  relate  to  a  device  perfected 
by  the  Bureau  that  records  graphically  the  fuel  consump- 
tion of  a  passenger  car  while  it  is  being  operated  under 
ordinary  driving  conditions.  An  analysis  of  records  kept 
over    a   long   period    reveal   some    rather   unusual    facts 
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RAILROAD   ACCOMMODATIONS   TO   WHITE   SULPHUR   SPRINGS,  W.    VA..   FOR  SUMMER  MEETING 

JUNE  20-24,  1922 


TIME    SCHEDULE 

Arrive 

RAILROAD 

FARES 

S.  A.  E* 

at  White 

Fare- 

Arrive 

Special  Leaves 

Sulphur 

and-Half 

Tourist 

City 

Railroad 

Leave 

Cincinnati 

Cincinnati 

Springs 

Round-Trip 

Round-Trip 

Cincinnati 

Chesap'ke  &  Ohio 

9:45  p.m. 

8:55  a.m. 

$19.08 

$20.62 

Detroit 

Big  Four 

1 1 :45  p.m. 

8:55  p.m. 

9:45  p.m. 

8:55  a.m. 

28.08 

31.97 

Toledo 

Big  Four 

1:35  p.m. 

8:55  p.m. 

9  :45  p.m. 

8:55  a.m. 

24.98 

28.22 

( 'hicago 

Big  Four 

1:00  p.m. 

9:00  p.m. 

9:45  p.m. 

8:55  a.m. 

34.47 

38.70 

Indianapolis 

Big  Four 

6:15  p.m. 

9:00  p.m. 

9:15  p.m. 

8:55  a.m. 

25.01 

27.75 

Cleveland 

Big  Four 

3:00  p.m. 

9:35  p.m. 

9:45  p.m. 

8:55  a.m. 

29.01 

31.11 

Dayton 

Big  Four 

7  :">7  p.m. 

9:35  p.m. 

9:45  p.m. 

8:55  a.m. 
Arrive 

at  White 

22.02 
Fare- 

22.73 

Arrive 

Leave 

Sulphur 

and-Half 

Tourist 

City 

Railroad 

Leave 

Washingtor 

Washington 

Springs 

Round-Trip 

Round-Trip 

Boston 

New   Haven 

9:00  a.m. 

8:45  p.m. 

10:15  p.m. 

7:05  a.m. 

$37.76 

$47.24 

Providence 

New   Haven 

10:06  a.m. 

8:45  p.m. 

10:15  p.m. 

7:05  a.m. 

36.74 

45.88 

New   Haven 

New   Haven 

12:54  p.m. 

8:45  p.m. 

10:15  p.m. 

7:05  a.m. 

29.28 

35.94 

New   York 

City 

Pennsylvania 

3:40  p.m. 

9:25  p.m. 

10:15  p.m. 

7:05  a.m. 

25.37 

30.92 

Manhattan 

Transf  Pennsylvania 

3:58  p.m. 

9:25  p.m. 

10:15  p.m. 

7:05  a.m. 

25.37 

30.92 

West   Philadelphia  Pennsylvania 

5:56  p.m. 

9:25  p.m. 

10:15  p.m. 

7:05  a.m. 

20.51 

24.89 

Baltimore 

Pennsylvania 

8:30  p.m. 

9:25  p.m. 

10:15  p.m. 

7:05  a.m. 

'  15.32 

18.68 

Buffalo 

Pennsylvania 

9:10  a.m. 

8:50  p.m. 

10:15  p.m. 

7:05  a.m. 

34.25 

39.56 

Washington 

Chesap'ke  &  Ohio 

10:15  p.m. 

7:05  a.m. 

13.16 

17.28 

which  command  the  attention  of  all  who  covet  an  in- 
creased number  of  miles  per  gallon.  W.  S.  James  will 
present  this  paper.  The  wider  adoption  abroad  of  over- 
head-valve passenger-car  engines  may  indicate  the  ten- 
dency of  future  engine  design  in  this  Country.  At  any 
rate,  a  paper  on  the  subject  is  pertinent  at  this  time 
and  P.  M.  Heldt  will  present  it  in  this  Session. 

The  Aeronautic  Session  will  include  papers  on  several 
phases  of  aircraft  progress.  Only  two  of  these  can  be 
definitely  announced  at  the  present  time,  these  being 
offered  by  Capt.  G.  E.  A.  Hallett,  of  the  Air  Service  engi- 
neering staff  at  McCook  Field,  and  Prof.  E.  P.  Warner. 
Capt.  Hallett  will  describe  the  methods  followed  by  the 
Air  Service  in  the  design,  experimental  construction  and 
testing  of  its  new  engine  types.  The  success  of  the 
McCook  Field  organization  in  the  rapid  development  of 
radically  new  engines  may  mean  that  some  of  its  methods 
will  apply  advantageously  in  the  work  of  industrial  engi- 
neering organizations.  The  paper  by  Professor  Warner 
will  deal  with  a  method  of  estimating  airplane  perform- 
ance. It  is  based  on  theory  but  practical  data  taken  from 
actual  performance-tests  will  be  presented.  The  Meet- 
ings Committee  also  hopes  to  secure  papers  on  the  prog- 
ress in  metal  construction  and  the  application  of  dural- 
umin. 

The  extremely  rapid  growth  of  motorbus  transporta- 
tion has  naturally  brought  this  branch  of  the  industry 
into  greater  prominence  and  interest  in  this  phase  of 
automotive  engineering  is  at  a  high  pitch.  Two  papers 
have  been  scheduled  for  the  special  Motoi-bus  Session. 
G.  A.  Green,  who  has  been  identified  with  the  motorbus 
ever  since  its  introduction  in  New  York  City  and  else- 
where, will  treat  of  the  important  factors  that  influence 
bus  design  and  construction.  R.  E.  Plimpton  will  sub- 
mit data  showing  the  unusual  growth  of  bus  transporta- 
tion and  compare  the  many  types  of  bus  chassis  now  pro- 
duced, indicating  the  particular  service  to  which  each  is 
suited. 

Improvement  of  repair  and  maintenance  service,  de- 
creasing repair  costs  and  the  engineer's  part  in.  advanc- 
ing these  steps  will  hold  the  attention  of  the  members  at 
the  Service  Engineering  Session.  Two  major  papers  will 
be  read  and  a  number  of  shorter  ones  will  be  discussed 
in  the  form  of  a  symposium.  J.  B.  Bray  will  offer  the 
■constructive  criticisms  of  the  factory   service-manager. 


His  paper  will  not  deal  so  much  with  design  as  with  prac- 
tices of  the  average  engineering  department  that  are 
detrimental  to  the  execution  of  an  ideal  service  policy. 
The  engineer's  views  on  the  same  subject  will  be  set  forth 
in  the  other  paper  by  one  of  our  members  well  qualified 
to  present  them. 

Many  of  the  papers  will  be  circulated  in  preprint  form 
or  included  in  the  June  Journal,  so  that  all  may  have 
ample  time  to  prepare  thorough  discussions  of  them  for 
presentation  at  the  various  sessions. 

Railroad  Transportation 

The  Society  has  been  exceedingly  fortunate  in  secur- 
ing reduced-fare  concessions  from  practically  all  of  the 
railroads  for  the  Summer  Meeting.  The  plan  will  follow- 
that  used  at  West  Baden  last  year  and  the  privileges  are 
limited  to  members  of  the  Society  and  dependent  mem- 
bers of  their  families.  Certificates  will  be  mailed  to  all 
members  about  June  10  that  entitle  the  purchaser  to  a 
fare-and-half  rate  for  a  round-trip  ticket.  The  certifi- 
cate must  be  presented  when  your  ticket  is  purchased 
and  requires  validation  at  White  Sulphur  Springs  before 
boarding  the  return  train.  All  tickets  purchased  under 
this  plan  can  be  used  on  the  S.A.E.  Special  trains  an- 
nounced herein.  The  secretaries  of  the  Sections  will  be 
provided  with  an  extra  supply  of  certificates  for  those 
who  may  need  them. 

Two  S.A.E.  Special  trains  have  been  arranged  for  to 
transport  the  Eastern  and  Western  contingents  to  the 
Summer  Meeting.  The  use  of  these  trains  by  the  mem- 
bers has  much  to  recommend  it ;  there  will  be  no 
aggravating  changes  to  make;  you  will  travel  with  your 
fellow  members  of  the  Society  and  your  friends  in  the 
industry.  A  railroad  representative  will  be  in  charge 
of  each  train  to  see  that  everything  runs  smoothly.  Con- 
sult your  Section  Secretary  or  write  the  Society  offices 
to  make  reservations  on  either  train.  The  Midwest  Sec- 
tion will  have  special  Pullmans  out  of  Chicago.  Detroit 
and  Cleveland  will  also  provide  special  Pullmans.  Metro- 
politan, New  England,  Pennsylvania  and  Washington 
Sections  will  all  have  special  cars  on  the  Eastern  train. 

The  tourist  fares  are  shown  in  the  table  for  the  benefit 
of  those  who  have  non-member  guests  coming  to  the  meet- 
ing. The  guests  may  avail  themselves  of  the  lower 
tourist-rate.     The  Society  is  held  responsible  under  the 
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Interstate  Commerce  laws  for  any  violation  of  the  ag 
ment  limiting  the  fare-and-half  return  privilege  to  mem- 
and   dependent    members   of   their    families.     No 
tickets  will  be  validated  at  White  Sulphur  Springi 

•is. 

Sports  and  Entertainment 

The  next   issue  of  the  Meetings  Bulletin  will  include 

the  detailed  sports  program  of  the  Meeting  and  an  entry 
blank  for  those  who  plan  to  engage  in  one  or  more  of  the 
numerous  events.  The  companies  in  the  industry  have 
contributed  liberally  to  the  prize-purchase  fund  and  the 
Sports  Committee  tan  assure  the  members  appropriate 
and  excellent  rewards  for  the  victorious.  Tennis,  golf, 
swimming,  track  and  field  events  will  be  arranged  Eoi 
the  men.  Croquet,  golf,  quoits  and  cards  will  test  the 
skill  of  the  ladies.  There  will  be  inter-Sectional  base- 
ball games,  relay   races  and  tug-of-war.     Every  imagin- 


able branch  of  sport  is  provided  for  at   White  Sulphur 

Springs.  The  tennis  courts  are  first  class;  the  golf 
course  is  one  of  the  finest  in  the  South;  the  natatorium 
is  modern  and  attractive.  You  are  certain  to  enjoy  your 
visit  to  the  1922  Summer  Meeting. 

The  Entertainmenl  Committee  is  centering  its  effort  - 
on  the  many  diversions  that  are  being  planned  for  the 
ladies  who  attend  the  White  Sulphur  Springs  Meeting. 
Several  novel  departures  are  to  be  featured;  and  the 
evening  dances  and  movies  of  past  meetings  will  be  out- 
done. The  ladies  will  have  the  option  of  no  idle  mo- 
ments at  White  Sulphur  Springs,  rest  assured  of  that. 

Viewed  from  all  angles,  it  is  safe  to  predict  that  the 
1H22  Summer  Meeting  will  be  unusually  attractive  and 
well  attended.  Spend  your  vacation  with  your  friends  in 
the  Society  at  beautiful  White  Sulphur  Springs. 

Most  important  of  all,  send  your  reservation  in  at  once. 
The  blank  is  on  page  69  of  the  advertising  section. 


MOLYBDENUM  STEEL  IX  THE  AUTOMOTIVE  INDUSTRY 

(Concluded  from  page  344) 


Mr.  Cutter: — Such  tests  as  I  have  witnessed  do  not 
show  the  combination  of  strength  and  ductility  that  is 
obtained  with  molybdenum.  I  think  that  the  tungsten 
steel  is  rather  apt  to  be  lacking  in  ductility. 

A  Member: — So  far  as  I  know,  no  one  has  ever 
seriously  advocated  tungsten  steel  for  automobile  parts. 
That  is  very  likely  due  to  the  past  high  price  of  tungsten 
and  the  demand  for  that  element  in  cutting  tools. 

Mr.  Peterson: — To  what  members  in  an  automobile, 
aside  from  the  valves,  do  you  refer  to? 

A  Member: — I  presume  that  it  would  be  practicable 
to  use  tungsten  steel  in  any  member  in  which  increased 
strength  would  be  desirable.  Considering  the  general 
properties  of  tungsten  as  compared  with  molybdenum,  it 
seems  that  it  would  be  reasonable  to  experiment  with  it 
in  that  direction. 

Mr.  Peterson: — I  believe  that  considerable  experi- 
menting has  been  done  along  those  lines.  So  far  as  I 
have  learned,  metallurgists  are  satisfied  that  tungsten 
can  function  only  in  the  cutting  tools  because  of  its 
ability  to  give  the  red-hardness  property,  but  other  than 
that  it  has  no  value. 

Mr.  Cutter: — I  believe  that  even  if  tungsten  should 
show  some  degree  of  usefulness  for  structural  steel,  the 
supply  of  it  would  be  too  limited  to  make  its  use  possible 
commercially. 

P.  T.  Large: — The  ductility  of  molybdenum  steel  has 
commended  itself  to  some  of  the  automobile  wheel-rim 
manufacturers. 


Mr.  Cutter: — I  think  that  developments  in  that  con- 
nection will  be  interesting.  There  is  undoubtedly  a  de- 
mand for  a  reduction  in  unsprung  weight,  especially  in 
the  peripheral  weight  of  the  wheel,  which  is  the  rim.  I 
believe  a  great  advance  is  possible,  that  heat-treated 
rims  are  feasible  and  will  be  produced  very  shortly.  The 
section  ought  to  be  reduced  at  least  one-half.  Such  rims 
have  been  made  for  installation  on  racing  cars  with  very 
good  results. 

George  L.  Bixby: — Provided  the  body  were  properly 
supported  or  stiffened,  would  you  consider  it  feasible  to 
take  70  per  cent  of  the  actual  weight  out  of  the  frame? 

Mr.  Cutter  : — From  the  standpoint  of  strength  of  ma- 
terials, yes.  There  may  be  limitations  that  would  affect 
the  possible  reduction  of  weight,  such  as  the  riveted 
joints  in  the  frame.  As  the  section  is  reduced,  one  must 
take  care  of  the  attachments  for  step-hangers  and  the 
like.  The  method  has  been  to  use  a  larger  number  of 
smaller  rivets.  We  do  not  know  yet  how  far  that  can  be 
carried.  The  70-per  cent  reduction  in  weight  was  based 
on  a  steel  of  1/16-in.  gage,  that  has  been  used  in  a  very 
light  frame  that  I  believe  is  being  run  on  an  experi- 
mental car  now.  So  far  as  I  know,  it  has  been  main- 
tained successfully.  I  think  one  cannot  use  steel  very 
much  thinner  than  1/16  in. 

A  Member: — One  example  of  extreme  flexibility  in 
automobile  frames  is  the  case  of  the  Orient  buckboard. 
I  think  it  had  no  springs;  the  road  shock  was  absorbed 
entirely  by  the  body  of  the  vehicle  itself. 
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using  the  heavy  crude  fuel  that  you  have  been  using  in  a 
Diesel  engine. 

Mr.  McDewell  asked  an  interesting  question  as  to  how 
far  dissociation  plays  a  significant  part.  I  have  no 
actual  figures  available  at  the  moment,  but  certainly  dis- 
sociation plays  a  very  important  part  in  determining  the 
maximum  flame-temperature;  but  that  is  all.  Neither 
Mr.  Tizard  nor  I  have  contended  that  dissociation  plays 
any  very  serious  part  in  the  efficiency  of  an  engine. 
Probably,  and  I  think  it  is  quite  arguable,  if  one  sup- 
presses the  dissociation  altogether,  the  efficiency  would 
be  lower  because  of  the  higher  temperatures  involved 
and  the  consequent  direct  heat-loss.     It  does,  however, 


play  a  part  in  that  it  puts  the  value  of  high  compression 
on  a  better  footing  than  it  would  appear.  I  think  this 
is  the  main  point,  that  it  gives  one  a  higher  efficiency 
at  high  compression-ratios  than  one  would  otherwise 
expect  to  obtain. 

Mr.  McDewell  also  inquired  whether  the  good  luck  I 
had  with  the  stratified-charge  engine  applied  also  to  the 
supercharging  engine.  Insofar  as  the  stratification  of 
the  charge  was  concerned,  I  had  plenty  of  trouble  and 
very  little  luck  with  this  engine  in  other  directions, 
chiefly  due  to  excessive  detonation  and,  until  I  eventually 
discovered  that  air-scavenging  was  the  cause  of  this,  I 
could  make  very  little  progress. 
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Paint  Protection  for  Wood 


By  Cornelius  T.  Myers1 


Illustrated  with  Charts 


ABOUT  two  years  ago  in  carrying  on  some  research 
work  on  wood  wheels  I"  had  occasion  to  make 
L  inquiry  among  paint  manufacturers  as  to  the 
value  of  various  kinds  of  paint  and  primer  for  the  pro- 
tection of  wood  against  moisture.  This  inquiry  brought 
out  so  many  differences  and  variations  in  opinion  as  to 
paint  materials  and  mixture-proportions  that  a  more  ex- 
tensive inquiry  among  paint  men  was  started.  This 
inquiry  revealed  that 

(1)  There  was  little  or  no  technical  information  to  be 
gained  from  the  paint  industry  on  the  relative 
protective  values  of  different  coatings  for  wood 

(2)  The  paint  industry  did  not  recognize  the  moisture- 
proofing  of  wood  as  a  problem,  but  was  concen- 
trating so  far  as  the  more  reputable  manufac- 
turers were  concerned  on  producing  paints  that 
would  last  as  long  as  possible  on  the  surface  to 
which  they  were  applied.  In  other  words,  such 
improvements  as  have  been  made  have  contributed 
to  the  life  of  the  coating  rather  than  the  life  and 
usefulness  of  the  article  that  received  the  coat 

As  the  demand  upon  our  forests  depends  to  a  very 
considerable  extent  upon  the  life  of  forest  products,  and 
as  the  life  of  these  products  in  many  cases  depends  to 
a  very  great  extent  upon  the  protection  against  moisture 
they  receive,  the  intimate  knowledge  of  protective  coat- 
ings is  a  factor  of  great  importance  in  our  lumber  con- 
servation program;  to  say  nothing  of  the  possible  sav- 
ing in  our  $300,000,000  annual  paint  bill.  Wood  in  its 
natural  green  condition  has  a  very  limited  use  as  a 
structural  material.  Its  tiny  fibers  are  cellular  in  form 
and  contain  a  large  amount  of  moisture,  commonly 
known  as  sap,  the  sap  being  water  containing  very  small 
percentages  of  tannins,  sugars,  gums  and  coloring  mat- 
ters. To  give  the  physical  qualities  that  make  it  fit 
for  use  in  buildings,  furniture,  truck  bodies,  wheels,  etc., 
it  is  necessary  to  remove  most  of  the  moisture. 

Moisture  in  Wood 

Wood  is  said  to  be  oven-dry  when  continued  oven- 
drying  causes  no  further  loss  of  weight.  In  their  green 
state  the  woods  used  structurally  have  a  moisture-con- 
tent of  from  60  to  120  per  cent  of  their  oven-dry  weight, 
and  weigh  roughly  from  60  to  120  per  cent  more  than 
when  they  are  in  an  oven-dry  state.  In  other  words,  from 
35  to  55  per  cent  of  the  weight  of  a  green  log  is  water. 
In  the  green  log  this  water  exists  in  two  conditions: 

(1)  Minute  particles  of  water  in  each  tiny  wood  cell 
cavity,  known  as  "free  water" 

(2)  The  moisture  absorbed  by  the  fibrous  material 
that  forms'  the  walls  of  the  cells,  known  as  "hygro- 
scopic moisture" 

Felled  wood  exposed  to  average  atmospheric  con- 
ditions gradually  dries,  the  air  taking  up  its  moisture. 
First  the  cell  cavities  slowly  give  up  their  moisture.  This 
evaporation  goes  on  until  the  cell  cavities  are  emptied 
of  the  minute  bodies  of  "free  water"  they  contain.  All 
that  remains  is  the  moisture  actually  absorbed  by  the 
fibers  of  the  cell  walls,  which  are  still  saturated  with 
the  "hygroscopic  moisture."    Wood  in  this  state  is  said 


TABLE  1 — APPROXIMATE  PERCENTAGE  OF  INCREASE  IN 
STRENGTH  OVER  GREEN2 

Dried  to  Dried  to 

14-Per  Cent     8-Per  Cent 
Moisture  Moisture 

Bending    Strength,    Modulus 

of  Rupture  40  to  60 

Compression   Parallel  to  the 

Grain  80  to  90 

Compression  Perpendicular  to 

the  Grain  65  to  75 

Stiffness,    Modulus    of    Elas- 
ticity 20  to  30 
Hardness  30  to  35 
Shearing    Strength,    Parallel 

to   the   Grain  40  to  50 


80  to  100 
100  to  150 


25  to    35" 
40  to    50° 

60  to    70" 


°  Estimated. 

"Compiled  from  data  given  in  Timber.  Its  Strength,  Seasoning  and 
Grading  by  H.  S.  Betts. 


to  be  at  its  "fiber-saturation  point."  Up  to  this  time  the 
wood  does  not  change  appreciably  in  size  or  in  physical 
characteristics  except  as  to  weight,  which  of  course  de- 
creases considerably,  as  it  will  now  contain  but  from  25 
to  30  per  cent  of  moisture  instead  of  from  60  to  120 
per  cent. 

Further  drying  of  the  wood  is  necessary  to  increase 
its  strength  and  hardness,  increase  its  durability,  enable 
it  to  take  and  hold  paint  and  in  general  to  improve  its 
condition  for  the  purpose  intended.  As  this  drying  pro- 
gresses beyond  the  fiber-saturation  point  the  cell  walls 
give  up  the  moisture  they  have  absorbed  and  in  doing 
so  shrink  and  harden.  Under  natural  conditions  this 
drying  process  will  continue  until  the  amount  of  mois- 
ture in  the  wood  bears  a  definite  relation  to  the  average 
humidity  condition  in  the  particular  locality  (See  Fig. 
1).  In  the  Eastern  and  North  Central  States,  for  in- 
stance, the  moisture-content  of  wood  will  become  sta- 
bilized somewhere  in  the  neighborhood  of  14  per  cent 
for  what  is  known  as  thoroughly  air-dried  stock.  In 
the  arid  Southwestern  States  it  will  contain  a  still  lower 
percentage,  while  in  the  former  war  zone  of  France 
the  wood  will  normally  contain  considerably  more  than 


TABLE   2 — SHRINKAGE   AND   MOISTURE   CONTENT  OP 
HARDWOOD3 

Moisture 

in  Green 

Shrinkage'  Wood 

from  Green  to     in  Terms 

Oven-Dry  in  Terms  of  Dry 

of  Green,  per  cent     Wood, 

Radial  Tangential  per  cent 


Ash,  White' 
Birch,  Yellow' 
Elm,    Cork 
Hickory5 
Maple6 
Oak,   Red" 
Oak,  White8 
Average 


Specific 
Gravity  of 
Dry  Wood 

0.57 

0.55 

0.57 

0.64 

0.51 

0.56 

0.60 

0.57 


4.8 
7.4 
4.8 
7.2 
4.2 
3.9 
5.3 
5.4 


7.0 
8.9 
8.1 
10.9 
8.5 
8.3 
8.8 
8.6 


39 
68 
53 
60 
63 
83 
66 
62 


1  M.S.A.E.  Consulting  Engineer,  Rahway,  N.  J. 


\ 


3  See  Kiln  Drying  of  Lumber  by  H.  D.  Tleman,  p.  129. 

4  Average  of  2  species. 

*  Average  of  9  species. 

•  Average  of  3  species. 

'  The  average  shrinkage  along  the  grain  or  up  and  down  as  the 
tree  grows  is  only  about  %  per  cent. 
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14  per  cent  of  moisture.     Of  <  ■  I  he  moisture  con- 

tent of  wood  will  vary  to  a  certain  extent  with  seasonal 
changes  of  atmospheric  humidity,  the  rate  at  which  the 
wood  will  follow  these  changes  depending  upon  the  de- 
gree of  protection  by  paint  and  upon  the  area  of  the  ex- 
posed surface.  Thus  unpainted  wood  that  is  exposed  to 
rain  and  snow  will  absorb  considerably  more  than  14 
per  cent  depending  upon  the  dimensions  <>(  the  piece  and 
the  extent  of  the  exposure. 

Data  secured  from  the  Forest  Products  Laboratory 
of  the  United  States  Department  of  Agriculture  show  us 
that 

(1)  Many   woods  should   he  dried   to  about  8-per 
moisture-content   to   give   the  best   results  as  to 
strength,     durabiltiy,     hardness     and     finish     (see 
Table   1  | 

(2)  It  is  also  true  that  if  after  being  dried,  and  shrink- 
ing in  the  process,  wood  reabsorbs  moisture,  it 
will  swell  again  according  to  the  amount  absorbed 

(3)  The  shrinking  and  swelling  along  the  grain,  per- 
pendicular to  the  annular  rinjrs  and  tangential  to 
the  annular  rings  all  differ,  and  very  materially, 
for  a  given  change  in  the  moisture-content  (see 
Table  2) 

From  the  above  mentioned  tables  it  will  be  seen  that 
it  is  desirable  to  have  the  wood  thoroughly  dried,  and 
that  steps  should  be  taken  to  keep  it  so.  But,  although 
it  is  easy  to  reduce  the  moisture  to  8  per  cent  in  dry 
kilns,  it  is  difficult  to  maintain  the  wood  at  this  point, 
because  of  unsuitable  protective  coatings  or  processes, 
and  of  the  lack  of  knowledge  as  to  the  relative  ability 
of  various  coatings  for  really  stabilizing  the  moisture 
content  within  a  small  range. 

Protectiveness  of  Paint 
While  we  know  that  several  coats  of  good  paint  will 
give  adequate  protection  for  floors,  truck  bodies,  furni- 
ture, wheels  or  other  wooden  articles,  we  by  no  means 
know  what  paints  give  the  best  protection  or  what 
paints  will  give  fairly  satisfactory  protection  for  the 
least  money.  The  test  fences,  where  many  different 
paints  were  exposed  to  the  same  atmospheric  conditions, 
have  given  some  data  on  the  durability  of  paints,  but 
very  few  data  on  the  durability  of  the  painted  article  or 
its  dimensional  stability.  In  durability  and  dimensional 
stabilization  we  are  greatly  interested;  in  the  first  for 
very  obvious  reasons,  in  the  second  because  wooden 
structures,  furniture  and  the  like  are  durable  and  serv- 
iceable and  can  be  made  more  simply  if  their  various 
component  parts  do  not  expand  and  contract  with  chang- 
ing weather  conditions.  The  cost  of  drying  could  be 
reduced  in  many  cases,  if  when  dried  to  a  certain  point 
the  moisture-content  could  be  stabilized.  Wood,  on  ac- 
count of  its  very  valuable  characteristics,  could  be  used 
in  places  where  metal  now  seems  necessary.  A  dozen 
or  more  prominent  companies  in  the  paint  industry  have 
been  cooperating  very  commendably  in  this  research 
work,  realizing  that  the  dimensional  stabilization  of 
wood  by  moisture-proofing  is  a  proper  function  of  paint 
and  of  world-wide  importance.  There  is,  however,  much 
difference  of  opinion  among  these  manufacturers  as  to 
what  materials  should  be  used  and  how  they  should  be 
mixed  and  applied.  During  the  war  the  Forest  Products 
Laboratory  investigated  the  moisture-proofing  effects  of 
linseed  oil  and  various  paints,  varnishes  and  leaf-metal 
coatings  as  applied  to  airplane  propellers  and  other  air- 
plane parts  made  of  wood,  but  this  work  has  not  been 
broadened  because  of  lack  of  funds. 

To  get  some  comparative  data  on  the  paints  and 
primers  now  on  the  market,  I  drew  up  the  following 
schedule  and  tests  were  made  on  small  pieces,  measuring 


30  40  50         60  70 

Relative  Humidity  percent 

Fio.  l. — Relation-  between  the  Amount  of  Moisture  absorbed  bt 
Wood  and  the  Average  Relative  Humidity 

1   x   1   x  4-in.,  of  hickory,  oak,  birch  and  maple  by  sev- 
eral well-known  paint  firms. 

(1)  Dry  slowly  and  completely  until  pieces  cease  to 
lose  weight 

(2)  Determine  "oven-dry"  weight 

(3)  Allow  reabsorption  to  8  per  cent 

(4)  First  coating  to  be  applied  at  8-per  cent  moisture- 
content 


I     2     J    4     5    6    7     8    9     10    II    12    B    14    15    16    17    18   19  20 
Submerged  in  Woter,  days 

Fig.    2 — Curves   Showing   How   the   Effectiveness   of   Different 
Primers    as    Moisture-Proofing    Agents    Varied    for    Different 

Woods 
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(5)  Second  coating  to  be  applied  at  8-per  cent  moist- 
ure-content after  a  lapse  of  24  hr. 

(6)  Third  coating  to  be  applied  at  8-per  cent  moist- 
ure-content after  a  lapse  of  24  hr. 

(7)  Allow  the  three  coatings  to  dry  for  a  week  under 
70  to  80-deg.  fahr.  temperature  and  40-per  cent 
relative  humidity,  under  which  condition  the 
moisture-content  of  the  wood  should  remain  at 
8  per  cent  even  if  the  wood  had  no  protective 
coating 

(8)  Label  and  weigh  for  base  weight  at  8-per  cent 
moisture-content  with  protective  coating 

(9)  Submerge  in  water  at  70  deg.  fahr. 

(10)  Weigh  every  24  hr.  for  first  week  and  every  48  hr. 
thereafter  and  determine  percentage  of  increase 
in  moisture 

Note:  Bear  in  mind,  of  course,  that  whatever 
is  used  in  the  way  of  coatings  must  serve  as  a 
suitable  foundation  for  subsequent  coats  of  paint 
and   varnish 

In  general,  the  results  of  the  tests  showed  that  paints 
of  the  ordinary  brands  and  formulas  are  not  very  ef- 
fective as  moisture-proofing  agents,  even  when  three 
coats  are  applied.  One  paint  company  after  testing  its 
standard  brands  did  a  little  experimenting  and  without 
much  difficulty  was  able  to  produce  a  special  primer 
that  was  several  times  as  effective.  The  curves  in  Fig. 
2  show  emphatically  the  variations  in  effectiveness  of 
the  paints  used.  Averaging  the  results  for  hickory,  oak, 
maple  and  birch,  it  took  about  six  times  as  long  for  these 
test-pieces  to  absorb  an  extra  6  per  cent  of  moisture 
when  coated  with  the  "special"  as  when  coated  with  the 
standard  "A".  There  is  every  reason  to  believe  that 
much  better  results  can  be  secured  and  with  less  than 
three  coats.  Preliminary  tests  with  a  casein  solution 
indicate  that  it  has  water-proofing  qualities  which  for 
some  classes  of  protection  may  be  very  valuable.  The 
same  thing  is  true  of  some  of  the  pyroxalin  compounds. 
Varnishes  are  in  general  more  effective  than  paints,  but 
in  the  protection  of  wheels  their  application  is  not  suit- 
able for  primary  coats. 

Need  for  Research 

What  has  been  said  so  far  shows  the  need  for  re- 
search work  on  this  subject.  Cabinet  and  furniture 
makers  are  vitally  interested  in  a  coating  that  will  pre- 
vent wood  from  "working,"  shrinking  and  swelling,  due 
to  atmospheric  changes  in  winter  and  summer.  Interior 
woodwork  could  be  greatly  simplified  if  the  dimensions 
of  each  particular  piece  of  wood  would  remain  the  same 
or  vary  but  a  very  small  amount.  Flooring,  decking, 
paneling  and  the  like  would  be  greatly  benefited  if  it 
did  not  "work."  Many  wooden  structures  would  be 
simpler  and  more  permanent  if  so  protected,  and  with 
thoroughly  dried  timber  they  would  either  have  a  greater 
factor  of  safety  or  could  be  built  with  less  lumber.  Many 
other  advantages  will  develop  as  thought  is  given  to  this 
subject,  the  dimensional  stabilization  of  wood  by  ren- 
dering it  moisture-proof  to  some  substantial  degree. 

It  is  well  known  that  shingles  and  weatherboards 
fastened  with  old-fashioned  wrought-iron  nails  stay  tight 
much  longer  than  those  in  which  the  modern  steel  nail 
is  used.  The  reason  for  this  is  that  the  steel  nail  rusts 
and  is  flaked  off  by  the  movement,  or  "working",  of  the 
piece  through  which  it  is  driven.  A  nail  tightly  driven 
is  practically  sealed  against  external  moisture  by  its 
head  and  the  paint  around  it  but  if  moisture  reaches 
the  nail  by  the  capillary  action  of  the  wood  fibers,  the 
nail  will   rust   in   spite   of  end-sealing.     Then,   too,   the 

5  See  Engineering  News-Record,  Aug.  IS.  1921,  p.  291. 


moisture  and  capillarity  of  the  wood  cause  the  "work- 
ing" that  rubs  off  the  layer  of  rust  and  exposes  the  nail 
to  continuous  corrosion.  The  working  also  abrades  the 
wood  and  leaves  the  familiar  large,  rust-stained  hole 
around  an  attenuated  nail.  The  same  conditions  apply 
to  the  bolts  and  other  steel  fastenings  in  farm  machin- 
ery, wagons,  motor-truck  bodies  and  a  long  list  of  other 
articles.  It  is  of  vast  importance  in  wood  construction, 
therefore,  that  we  have  paints  to  protect  the  wood  from 
absorbing  moisture.  Ordinary  paint  does  not  do  this 
effectively  except  when  a  large  number  of  coats  are  ap- 
plied and  so  far  as  I  have  been  able  to  find  out,  there 
has  been  little  or  no  attempt  to  produce  a  paint  that 
will  do  it. 

In  the  realm  of  house  painting  there  seems  to  be  a 
great  possibility  for  economies,  either  by  the  use  of 
cheaper  paints  that  will  give  the  necessary  protection, 
or  by  the  use  of  paints  that  will  last  longer.  I  am  not 
familiar  enough  with  this  subject  to  do  other  than  to 
refer  to  Dr.  A.  H.  Sabin's  letter  to  the  Engineering 
Neivs-RecorcP  in  which  he  states  that  even  the  Penn- 
sylvania Railroad  is  not  always  able  to  protect  itself  in 
the  matter  of  paints,  and  asks  what  chance  the  ordi- 
nary citizen  has  to  check  up  on  the  paint  he  should  use 
to  protect  the  house  that  very  possibly  represents  his 
life's  savings.  Paint  literature  of  a  technical  nature  is 
of  no  assistance  to  the  average  man  and  is  entirely  in- 
adequate to  explain  the  whys  and  wherefores  of  much 
present  practice.  Great  differences  of  opinion  and  some 
vague  reasoning  appear.  Many  contentions  seem  to  be 
based  on  a  desire  to  use  certaiii  materials  or  formulas 
rather  than  on  comparative  service  data  of  a  reliable 
•  sort.  Such  men  as  Dr.  Sabin  of  the  National  Lead  Co., 
and  Dr.  Holly  of  Acme  White  Lead  &  Color  Works, 
make  frank  acknowledgment  of  the  shortcomings  of 
paint  technology  and  totally  disavow  any  detail  informa- 
tion concerning  the  effect  of  paints  in  moisture-proofing 
the  cell  structure  of  various  kinds  of  wood.  The  Engi- 
neering Foundation  has  approved  the  idea  of  research 
in  this  connection  and  appointed  a  committee  to  report 
ways  and  means  of  furthering  it.  This  is  a  most  sub- 
stantial endorsement.  The  American  Institute  of  Archi- 
tects also  will  lend  its  support,  and  the  matter  has  been 
favorably  considered  by  the  Council  of  the  Society  of 
Automotive  Engineers. 

It  would  seem  that  an  intimate  knowledge  of  wood 
cell  structure  is  essential  to  any  investigation  of  this 
subject.  The  Forest  Products  Laboratory  is  by  all  odds 
our  most  authoritative  source  of  information  on  woods 
and  their  structure.  The  director  and  his  staff  have,  been 
interviewed  and  fully  agree  that  this  research  would  be 
productive  of  important  results,  some  of  which  could 
be  expected  in  the  course  of  8  to  12  months;  also  that 
it  can  be  handled  there  if  funds  in  a  very  modest  amount, 
between  $10,000  and  $20,000  per  year,  were  made  avail- 
able for,  say,  from  5  to  10  years.  The  Bureau  of  Stan- 
dards has  a  paint  division  and  has  funds  to  work  on  the 
paint  end  of  the  research.  Doubtless  a  cooperative  ar- 
rangement could  be  made  between  these  two  of  the  most 
capable  and  helpful  arms  of  our  governmental  service. 
Doubtless,  too,  the  technical  heads  in  the  paint  and 
varnish  trade  would  place  at  the  disposal  of  the  Bureau 
of  Standards  and  the  Forest  Products  Laboratory  their 
great  fund  of  knowledge  of  paints  and  oils.  Many  of 
these  men  are  already  working  on  this  problem  as  has 
been  set  forth  above;  but  they  are  handicapped  by  a 
lack  of  intimate  knowledge  of  the  various  kinds  of  woods, 
and  they  are  very  much  limited  in  the  time  they  can 
give  and  the  range  of  materials  they  can  test. 
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A\m  vi.  Mi  i  ping  Paper 


Illustrated  with  Photographs  vnd  Diagrams 


BELIEVING  that  it  is  one  of  the  functions  of  the 
purely  scientific  man  to  direct  engineering  atten- 
tion ti>  practical  possibilities  that  will  he  of  use  in 
solving  important  problems,  the  author  outlines  the 
history   of    the    photographic    recording    apparatus    he 

!'   in   detail   and    comments    upon    its   gen- 

.  ral  features  that  are  of  advantage  in  engineering 
practice,  with  illustrations,  inclusive  of  the  use  that 
uide  of  the  string  galvanometer. 
The  subject  of  indicators  for  high-speed  enjrines  is 
discussed  in  general  terms  introductory  to  a  full  and 
detailed  description  of  how  this  automatic  photographic 
recording  apparatus  can  be  used  to  overcome  difficul- 
ties that  pertain  to  ordinary  indicator-diagrams  taken 
on  the  internal-combustion  engine  by  former  methods. 
A  further  use  of  this  apparatus  is  in  anti-knock  re- 
search and  its  recent  usage  for  this  purpose  is  described 
and  illustrated. 

UNTIL  a  few  years  ago  I  shared  what  I  believe  to 
be  the  general  feeling  among  technical  scientific 
men  that  photographic  methods  of  recording  ex- 
perimental data  such  as  pressure-volume  variations  in  an 
engine  cylinder,  vibrations  of  shafting  and  motion  or 
timing  of  valves,  could  not  be  rendered  sufficiently  simple, 
cut  and  foolproof  to  be  reliable  in  the  hands  of  the 
ordinary  intelligent  mechanic,  but  nearly  two  years'  ex- 
perience in  France  during  the  war  convinced  me  that 
photographic  recording  is  the  quickest,  cheapest,  most 
cleancut  and  foolproof  method  that  exists.  I  was  in 
charge  of  the  sound-ranging  service  in  the  American 
Army,  the  object  of  which  was  to  locate  the  positions  of 
the  enemy  large-caliber  guns  by  recording  the  time  of 
the  arrival  of  their  sound-waves  at  known  positions  near 
our  own  trenches.  An  accuracy  of  about  50  ft.  in  5  miles 
was  required  and  a  delay  of  more  than  4  or  5  min.  in  re- 
cording, calculating  and  reporting,  to  our  own  artillery 
headquarters  was  considered  excessive.  The  work  was 
.arried  on  by  the  ordinary  enlisted  man  who  had  been 
given  but  a  few  weeks'  special  training;  and  it  was  al- 
ways conducted  under  rather  unfavorable  conditions,  in 
the  cellars  of  ruined  houses  or  in  crowded  dugouts.  I 
believe  that  the  photographic  methods  that  withstood  this 
tinuously  for  months  without  a  breakdown  are 
suitable  for  use  under  almost  any  conditions. 

Success  was  due  chiefly  to  the  fact  that  all  operations 
were  made  strictly  automatic.  The  camera  was  designed 
to  use  a  cheap  sensitized  paper  that  was  fed  from  a  roll 
past  a  stationary  lens  through  which  the  exposure  was 
made.  The  paper  was  automatically  developed  and  fixed 
.e  it  left  the  camera,  so  that  there  was  no  chance 
whatever  of  confusion  of  records  when  a  great  many 
were  being  taken  in  rapid  succession,  since  the  operator 
could  inspect  and  mark  with  a  pencil  each  record  as  it 
issued  from  the  camera. 

Since  the  war,  I  have  adopted  this  apparatus  for  the 
purposes  of  the  physicist  when  I  have  needed  to  make  use 
of  photographic  methods  and,  as  will  be  developed  some- 
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what  in  detail,  I  think  it  is  adapted  to  the  purposes  of 
.hose  who  are  interested  in  securing  good  internal-com- 
bustion-engine  performance  and  in  locating  the  sources 
of  undesirable  noises  that  it   is  desirable  to  eliminate. 

General  Features 

In  the  present  apparatus  a  simple  mechanism  allows 
the  record  to  be  taken  at  one  speed  and  developed  at  a 
-lower  speed  so  as  to  give  sharp  contrast.  Exposure 
speeds  up  to  about  4  ft.  per  sec,  with  an  ordinary  auto- 
mobile electric-light  bulb  as  a  source  of  light,  can  be  used. 
The  automatically  developed  records  show  a  contrast  that 
is  entirely  satisfactory.  A  series  of  fine  lines  reaching 
clear  across  the  paper  is  photographed  at  the  same  time 
as  the  record.  These  lines  are  spaced  0.01  sec.  apart, 
even  if  the  speed  of  the  paper  should  vary  slightly,  and 
serve  as  time-lines  to  time  accurately  an  event  shown  on 
the  record;  for  example,  the  opening  of  an  exhaust-valve. 

An  automatic  recording  camera  can  be  used  to  trace 
the  motion  of  any  moving  part  of  a  mechanism  and. 
owing  to  the  high  speed  at  which  a  record  can  be  taken, 
it  is  possible  to  study  variations  that  occur  in  time  in- 
tervals as  short  as  0.001  sec.  It  is  more  convenient  to 
transmit  electrically  to  the  camera  the  motion  that  actu- 
ally takes  place  in  the  mechanism  than  to  attempt  to  set 
up  the  camera  itself  close  to  the  mechanism.  I  have 
found  that  a  special  form  of  simple  string  galvanometer 
is  very  convenient  and  meets  satisfactorily  the  necessary 
condition  that  its  moving  part  shall  move  synchronously 
with  the  motion  of  the  mechanism.  The  moving  part  of 
the  galvanometer  is  practically  weightless,  as  it  is  a  short 
piece  of  wire  0.004  in.  in  diameter,  and  its  motion  is 
damped  strongly  by  the  magnetic  field  in  which  it  is 
placed.  When  a  current  is  sent  through  this  wire,  it 
moves  in  the  magnetic  field  and  a  shadow  of  this  motion 
is  photographed  by  the  automatic  camera.  In  practice, 
almost  any  slight  motion  can  be  converted  into  a  flow  of 
electricity,  so  that  the  applications  of  photographic  re- 
cording to  the  study  of  vibrations  in  running  machinery 
are  very  numerous. 

If  it  is  desired  to  study  the  pressure-changes  within 
the  cylinder  of  an  engine  that  is  operating,  a  capsule  with 
a  stiff  diaphragm  can  be  screwed  into  a  pet-cock  opening 
and  the  motion  of  the  diaphragm  recorded  as  the  motion 
of  the  string  of  the  galvanometer.  The  records  of  the 
pressure-changes  made  at  every  stage  of  the  cycle  of  the 
running  engine  are  very  instructive,  as  shown  in  the 
charts  presented  later  of  some  of  the  many  records  I 
have  made  of  engines  running  under  various  conditions 
of  load,  speed,  mixture,  spark-setting  and  temperature. 

On  any  one  record,  it  is  possible  to  secure  a  great  many 
successive  explosions  and  so  to  compare  them  and  draw 
conclusions  as  to  the  constancy  of  performance  under 
supposedly  constant  conditions.  The  timing  of  the  valves 
or  the  spark  can  be  determined  dynamically  with  an  ac- 
curacy of  about  0.0005  sec.  This  means  about  6  deg.  of 
crankshaft  travel  in  the  case  of  an  engine  that  is  running 
at  2000  r.p.m.     Thus,  the  lag  between  the  static  and  the 
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Fig.  1 — Apparatus  for  Recording  Engine  Data  Photographically 

dynamic   timing  can   be   determined   at  various   engine 
speeds. 

Detailed  Description 

The  essential  feature  of  a  foolproof  photographic  re- 
corder is  that  it  requires  but  slight  attention  from  the 


Fig.    2 — Detail  op  the  Spoked  Wheel  That  Casts   Shadows  on 

the  Film  To  Indicate  the  Time  Intervals  and  the  Tuning  Fork 

That  Drives  It 


operator,  so  that  he  will  make  as  few  mistakes  as  possi- 
ble. The  portion  of  the  apparatus  shown  in  detail  in  Fig. 
1  is  a  camera  that  employs  sensitized  paper  in  200-ft. 
rolls  that  are  stored  in  the  holder  at  a.     This  paper  is 
run  downward  vertically  before  a  lens  at  b.     The  film  is 
then  carried  through  the  developer  in  the  housing  at  c 
and  run  out  into  the  fixing  bath  that  lies  outside  of  the 
camera.     After  starting  to  develop  a  film,  one  need  not 
fear  the  effect  of  light,  since  the  fixing  can  be  carried  on 
in  a  room  lighted  sufficiently  so  that  one  can  see  to  read 
easily.    The  entire  apparatus  can  be  operated  in  daylight. 
The  film  is  developed  in  the  dark  and  fixed  in  daylight; 
so,  the  operator  can  reject  films  that  are  not  interesting, 
or  he  can  mark  with  a  pencil  those  that  he  wishes  to  keep. 
It  is  necessary  to  have  some  kind  of  a  time-scale  on  the 
same  paper  film.    In  the  device  that  I  have  used  the  beam 
of  light  with  which  the  photography  is  done  is  cut  by 
the  spokes  of  a  wheel  that  spins  accurately,  being  gov- 
erned in  its  spinning  by  the  motion  of  a  tuning  fork  that 
is  caused  to  vibrate  by  electrical  means.    All  this  appara- 
tus takes  care  of  itself  automatically.   The  small  spinning 
wheel  has  spokes  that  come  into  the  path  of  the  light  and 
cast  shadows  on  the  film  every  0.01  sec.     These  shadows 
are  photographed  across  the  film  as  it  runs  vertically  past 
the  lens  and  the   interval  between  the   photographs   of 
these  shadows  on  the  film  gives  a  time-scale  of  0.01  sec. 
This  may  be  as  much  as  0.50  in.  from  line  to  line,  if 
necessary,  and  0.50  in.  in  0.01  sec.  is  a  very  high  speed. 
The  light  needed  can  be  furnished  by  an  ordinary  auto- 
mobile bulb  operated  from  a  6-volt  circuit,  such  as  can  be 
bought  at  any  garage.     Fig.  2  shows  the  spoked  wheel 
at  d  and  the  tuning  fork  that  drives  it,  seen  in  the  direc- 
tion in  which  the  light  travels  through  the  lens.    Fig.  3 
gives  a  diagrammatic  sketch  of  the  electrical  connections. 
The  apparatus  as  described  thus  far  will  record  on  a 
rapidly  moving  strip  of  paper  an  accurate  time-scale  in 
hundredths  of  a  second  and  the  motion  of  any  moving  ob- 
ject or  objects  such  as  the  shadow  of  a  fine  wire  that  is 
in  motion.     There  remains  to  describe  how  such  a  fine 
wire  can  be  made  to  move  so  that  its  motion  will  be  the 
same  as,  or  related  to,  the  motion  of  a  mechanism  that  is 
operating  and  which  it  is  desired  to  investigate. 

The  String  Galvanometer 

The  device  that  I  have  been  using  is  an  old  one  that 
was  discovered  by  Einthoven,  a  Dutch  physicist,  20  or 
more  years  ago.  It  is  known  as  the  string  galvanometer 
and  is  merely  a  small  electromagnet  furnished  with  cur- 
rent from  the  same  battery  that  supplies  the  light,  oper- 
ates the  tuning  fork  and  turns  the  spoked  wheel. 

In  Fig.  4,  N  represents  the  north  pole  and  S  the  south 
pole.  There  is  a  small  hole  vertically  down  through  the 
strongest  part  of  the  field.  One  or  more  fine  tungsten 
wires,  each  about  0.0005  in.  in  diameter  and  1  or  2  in. 
long,  run  down  through  this  hole  as  indicated  at  e  and  /. 
Two  lenses  are  located  at  g  and  h,  through  which  the 
light  from  a  small  nitrogen-filled  electric-light  bulb 
passes  and  causes  the  fine  tungsten  wires  to  cast  shad- 
ows. When  a  wire  moves,  its  shadow  moves  on  the 
photographic  film  and  it  is  the  motion  of  the  shadow  that 
one  photographs  along  with  the  time-lines  that  are  0.01 
sec.  apart. 

Fig.  5  shows  the  complete  plan  of  the  optical  system. 
The  light  is  at  i.  A  spoke  of  the  wheel,  /,  has  come  into 
a  horizontal  position.  The  lens  at  k  forms  a  real  image 
of  i.  The  rays  cross  and  go  through  the  two  lenses  I  and 
m,  the  light  between  them  being  an  intense  parallel  beam. 
Two  small  tungsten  wires  are  shown  as  dots  at  n  and  o, 
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because  they  appear  only  as  in  a  plan  view.  Their 
shadows  are  thrown  on  the  photographic  film  at  p.  If 
either  wire  moves,  its  shadow  moves  and  one  obtains  a 
record  of  its  motion  on  the  photographic  film.  A  blind 
to  regulate  the  amount  of  light  is  shown  at  </.  and  a 
cylindrical  lens  at  r  reduces  the  images  of  the  wires  n 
ard  o  to  points  and  the  image  of  /  to  a  fine  horizontal 
line. 

Fig.  ij  shows  in  elevation  the  holder  of  the  fine  tungs- 
ten wires  n  and  o.  Once  the  wires  are  mounted  in  the 
holder,  one  is  not  likely  to  break  them;  they  are  too  thin 


Ki«.     J — DIAGRAMMATIC     SK.ETCH     OF     THE     ELECTRICAL    CONNECTIONS 

to  break.  If  one  blows  upon  them,  they  offer  virtually 
no  resistance.  They  have  practically  no  weight  and,  on 
account  of  this  lightness,  they  have  no  free  period  of 
vibration  of  their  own  and  hence  reproduce  faithfully 
the  motions  impressed  upon  them.  To  use  this  device, 
by  which  one  is  able  to  photograph  a  tungsten  wire 
0.0005  in.  in  diameter  that  is  moving  rapidly,  it  is  neces- 
sary to  cause  it  to  move.  Since  it  is  in  a  magnetic  field, 
it  can  be  caused  to  move  across  this  magnetic  field  by 
sending  an  electrical  current  through  it.  It  is  merely  a 
case  of  transforming  the  motion  that  one  desires  to  make 
into  a  flow  of  current,  sending  that  current  through  the 
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Fio.   6 — Complete   Plan  op  the  Optical  Systhu 

tungsten  wire  and  photographing  the  motion  of  that 
wire's  shadow  on  the  sensitized  paper  of  the  camera.  I 
have  used  this  device  for  a  great  many  purposes  and  I 
will  now  explain  how  it  can  be  used  for  obtaining  indica- 
tor-diagrams from  an  internal-combustion  engine. 

Indicators  fob  High-Speed  Engines 

There  are  numerous  good  and  sufficient  reasons  why 
the  indicator  has  not  played  so  important  a  part  in  the 
design  and  testing  of  the  internal-combustion  engine  as 
it  did  in  the  case  of  the  steam  engine.  The  high  speed 
at  which  the  former  is  run  makes  it  very  difficult  to  con- 
struct an  indicator  the  motion  of  which  is  characteristic 
of  the  pressure  variations  in  the  cylinder  and  not  char- 
acteristic of  the  inertia  and  elastic  properties  of  the  in- 
dicator itself.  In  addition,  the  standard  form  of  indica- 
tor-diagram, in  which  the  pressure  of  the  hot  gas  in  the 
cylinder  is  shown  as  a  function  of  the  volume  that  the  gas 
occupies  at  any  instant,  is  most  unsuitable  in  the  case  of 
the  internal-combustion  engine,  for  the  diagram  is 
crowded  together  at  the  in-center  and  out-center  positions 


Fie.     4 DIAQRAMMATIC    SKETCH     OF    THE    STRINO     GALVANOMETER 


Fio.  6 — Elevation  of  the  Holder  for  Tungsten  Wires 

and  these  are  just  the  positions  near  which  the  ignition, 
or  spark,  occurs  and  where  the  valves  are  opening.  Thus, 
the  very  portion  of  the  diagram  where  the  most  open 
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Fig.    7 — A    Pressure-Time    Diagram    (Above)    and    (Below)     the 

Same  Diagram   Replotted  in  Terms  of  the  Rate  of  Variation  of 

the  Pressure 

scale  is  desired  is  that  at  which  the  diagram  practically 
stands  still.  Engineers  acknowledge  generally  that  a 
more  unsatisfactory  diagram  than  the  old  fashioned 
pressure-volume  diagram  would  be  difficult  to  devise,  and 
indicators  more  suitable  for  work  with  internal-combus- 
tion engines  have  been  designed  to  record  the  pressure 
as  a  function  of  the  time,  so  as  to  provide  a  scale  that  is 
as  open  near  the  in-center  and  out-center  positions  as 
at  the  middle  of  the  stroke.  In  the  upper  part  of  Fig.  7 
a  pressure-time  diagram  is  shown  in  which  the  spark  oc- 
curs at  s  and  the  maximum  pressure  at  t.  This  is  the 
type  of  diagram  furnished  by  a  pressure  indicator  of  the 
type  that  is  being  used  by  Thomas  Midgley,  Jr. 

I  have  found  that  a  considerable  further  gain  in  ac- 
curacy is  obtainable  by  changing  the  form  of  the  indi- 
cator-diagram. If,  instead  of  registering  the  pressure 
as  a  function  of  the  time,  the  variations  of  the  pressure 
at  each  instant  of  the  stroke  are  recorded,  wherever  there 
is  a  change  of  slope  on  the  pressure-time  record  there 
will  be  a  nick  on  the  record  showing  the  pressure-varia- 
tion as  a  function  of  the  time  or  phase  of  the  piston  mo- 
tion. In  other  words,  my  thought  was  to  record  the  rate 
of  change  of  the  pressure  ivith  the  time,  as  being  a  step 
farther  in  advance,  in  place  of  recording  the  pressure 
with  the  time  or  the  pressure  with  the  position  of  the 
piston.  By  plotting  directly  as  vertical  heights  the  rate 
at  which  the  pressure  is  changed  with  the  time  instead 
of  the  pressure  itself,  a  nick  is  produced  in  the  curve. 

It  is  naturally  much  easier  to  notice  and  time  such  a 
nick  than  to  notice  what  may  be  but.  a  slight  change  of 
slope  on  a  pressure-time  record,  and  such  records  are  in 


consequence  much  easier  to  interpret  with  accuracy. 
After  all,  the  chief  use  of  an  indicator  is  to  assist  one  in 
noticing  changes  in  the  running  conditions  of  an  engine 
when  changes  in  the  fuel,  spark-setting,  speed  and  the 
like  are  made,  and  therefore  an  indicator  that  is  designed 
to  bring  out  changes  is  the  most  useful  form  practically. 

It  is  easy  to  construct  an  indicator  that  will  record  the 
rate  at  which  the  pressure  is  varying  instead  of  record- 
ing the  pressure  itself.  An  indicator  in  which  a  very 
stiff  steel  diaphragm  is  the  moving  part  can  be  made  so 
that  the  diaphragm  moves  in  step  with  the  pressure 
exerted  upon  it,  and  introduces  no  vibrations  peculiar  to 
itself.  If  a  small  bobbin  of  fine  wire  be  mounted  rigidly 
on  the  diaphragm  so  that  in  its  motion  it  cuts  a  radial 
field  of  magnetic  force,  an  electromotive  force  is  induced 
that  is  in  step  with  the  velocity  of  the  bobbin ;  that  is, 
with  the  time-rate  of  variation  of  the  pressure  exerted 
on  the  diaphragm  that  supports  the  bobbin.  The  cur- 
rents that  are  induced  by  the  movements  of  the  bobbin 
in  that  magnetic  field  are  proportional  to  the  velocity  of 
the  diaphragm  and,  as  the  velocity  is  proportional  to  the 
rate  at  which  the  pressure  is  varying  with  the  time,  one 
obtains  an  indication  of  the  pressure-variation  in  the 
cylinder  with  the  time  that  can  be  photographed.  This 
results  in  a  diagram  that  is  particularly  sensitive  to 
pressure  changes  and  well  adapted  to  use  in  the  timing 
of  the  valves  and  the  spark.  It  is  possible  to  design  the 
parts  just  mentioned  with  such  robustness  that  they  will 
withstand  rough  treatment  and  yet  be  free  of  inertia  and 
elastic  effects  that  would  introduce  motions  characteristic 
of  the  indicator.  The  motions  are,  as  they  should  be, 
characteristic  of  the  pressure-changes  taking  place  in  the 
cylinder. 

I  have  plotted  this  diagram  in  terms  of  the  rate  of 
variation  of  pressure  at  the  bottom  of  Fig.  7.  It  is  a 
graph  of  the  tangent  to  any  point  on  the  curve  in  the 
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Fig.    !>     A    Typical    Indicator-Card    Produced    m    an    Instrument 

That    Records    ih:    Rate   of   Variation    of    the    Pressure    with 

the  Time 


In  the  Upper  Left  Diagram  the  Spark  Was  Greatly  Retarded  and 
Was  Gradually  Advanced  in  the  Diagrams  in  the  Upper  Right  and 
Lower  Left  Corners  until  the  Maximum  Advance.  Which  Was  Much 
Too  Far,  Was  Attained  in  the  Diagram  in  the  Lower  Right  Corner 

upper  portion  of  Fig.  7.  Maximum  pressure  that  ap- 
pears at  t  in  the .  upper  portion  appears  on  the  lower 
diagram  as  the  point  at  which  the  rate  of  change  of  pres- 
sure is  zero  where  it  crosses  the  time  axis.  It  is  easy  to 
time  the  arrival  of  maximum  pressure  on  a  (dp/dt)  t 
diagram  and  it  is  not  so  easy  to  do  this  on  a  pressure-time 
diagram.  All  of  the  timing  operations  become  very  much 
more  delicate  if  the  indicator  is  recording  the  rate  of 
pressure  rather  than  the  pressure  itself. 

Fig.  8  shows  a  typical  curve  produced  by  an  indicator 
that  records  rates  of  variation  of  pressure  with  time. 
Compression  begins  at  A, ;  the  point  at  which  the  com- 
pression has  risen  to  nearly  a  maximum  value  and  where 
the  spark  occurs  is  at  B,.  The  rate  of  rise  of  pressure 
becomes  enormous  at  C,  and  the  maximum  pressure  conies 
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Fio.  10 — Thb  Photographic  Recording  Apparatus  as  Set  Up  To 
Investigate  the  SOURCES  op  Noise  in  Bnqines  That  Abe  Running 

al  D,  where  the  trace  crosses  the  time  axis.  The  maxi- 
mum rate  of  fall  of  pressure  comes  at  Ex  and  the  opening 
of  the  exhaust-valve  occurs  at  Fr  This  causes  a  sudden 
decrease  of  pressure  that  is  shown  between  F,  and  G,. 
The  out-center  position  is  shown  at  G  .  The  lower  por- 
tion of  Fig  8  shows  the  positions  of  in-center  and  out- 
center  of  the  piston. 

The  diagrams  in  Fig.  9  represent  a  series  of  observa- 
tions beginning  at  the  upper  left-hand  illustration,  where 
the  spark  is  very  much  retarded,  and  ending  at  the  lower 
right-hand  diagram  with  the  spark  much  too  far  ad- 
vanced. The  record  at  the  lower  edges  of  all  of  these 
diagrams  gives  the  time  of  in-center.  Thus,  in  the  first 
diagram,  the  spark  occurred  considerably  after  in-center 
and  the  pressure  rise  due  to  combustion  was  hardly  more 
than  the  compression  pressure.  The  fall  in  pressure 
when  the  exhaust-valve  opens  is  very  rapid,  because 
burning  was  still  going  on  due  to  the  lateness  of  the 
-park. 

The  diagram  in  the  upper  right-hand  corner  shows  the 
effect  of  advancing  the  spark.  The  pressure  is  rising 
r  to  in-center  and  the  amount  of  "dump-out"  of  pres- 
sure at  the  time  the  exhaust-valve  opens  is  growing  less. 
The  spark  is  advanced  still  farther  in  the  lower  left-hand 
diagram  and  the  rate  of  pressure-rise  becomes  greater. 
The  dump-out  of  pressure  at  the  opening  of  the  valve  is 
no  more  than  that  shown   in  the  upper  right-hand  dia- 


gram, although  the  pressure  has  been  higher.  The  be 
ginning  of  vibrations  in  the  gas  can  now  be  noticed.  The 
rising  portion  of  the  curve  after  in-center  was  very 
smooth  in  the  upper  right-hand  diagram,  but  in  the 
lower  left-hand  diagram  it  is  beginning  to  be  broken  into 
vibrations  of  about  500  to  1000  per  sec.  There  is  the  be- 
ginning of  a  knock  coming  into  the  explosion.  The 
spark  in  the  lower  right-hand  diagram  is  set  very  much 
advanced,  purposely,  and  the  effect  of  the  knock,  which 
is  enhanced,  can  be  seen. 

These  diagrams  are  presented  to  give  an  idea  of  the 


ii.M:  Record  of  Valve  Action 

In  the  Top  Diagram  the  Rocker-Arms  Were  Held  on   thi 
in   the   Next   Everything  Was   Adjusted   Tightly;   the  Next    Record 
\\        Obtained   with  a  Loose  Adjustment  between  the  Rocker-Arms, 
and    the    Tappets    and    the    Bottom    Diagram    Shows    the    Eff< 
Holding  ilf    Rocker-Arms  Tightly  on  the  Valve-Stems 


Vol.  X 


May,  1922 


No.  5 


356 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


kind  of  record  that  one  can  obtain.  I  have  taken  them 
at  engine  speeds  as  high  as  2500  r.p.m.  The  scale  is 
ample  to  afford  a  clear  study  of  the  effects-  of  changes  of 
mixture,  spark,  load,  engine  speed  and  other  features  of 
interest. 

Anti-Knock  Research 

Thomas  Midgley,  Jr.,  has  been  using  this  particular 
indicator  recently  and  Figs.  10  to  12  illustrate  his  use 
of  it  in  studying  the  sources  of  noise  in  engines  that  are 
running.  He  has  recorded  two  sets  of  data  in  this  man: 
ner.  In  obtaining  the  data  shown  in  one  set,  he  was  in- 
terested in  studying  the  action  of  the  valve  and  that 
around  the  camshaft.  In  the  other  set,  the  behavior  of 
the  crankshaft  in  regard  to  chasing  and  wobbling  in  its 
bearings  was  studied,  with  engines  that  he  reports  as 
having  been  thought  to  be  in  the  pink  of  condition. 

Fig.  10  shows  his  set-up  of  the  entire  apparatus.  The 
recorder  is  shown  on  the  table  at  the  center  of  the  illus- 
tration. One  advantage  of  a  self-contained  recorder  of 
this  sort  is  that  the  apparatus  can  be  shaken  without 
shaking  the  parts  relatively  to  each  other;  whereas,  if  a 
beam  of  light  is  thrown  out  from  one  support  upon  a 
screen  that  has  a  separate  support,  all  of  the  records 
exhibit  wiggles  in  the  lines.  In  such  a  case  one  cannot 
be  certain  whether  these  wiggles  are  due  to  legitimate 
reasons  or  to  the  general  vibration  of  the  apparatus. 

Fig.  11  is  intended  to  show  the  effect  of  chasing  mo- 
tions of  the  crankshaft  itself.  The  apparatus  was  ar- 
ranged so  that  a  wheel  was  carried  on  the  end  of  the 
crankshaft.  Fastened  by  springs  to  that  wheel,  exterior 
to  it  but  concentric  with  it,  was  a  heavy  piece  having  a 
large  amount  of  inertia.  This  was  provided  with  brushes 
to  carry  off  electrical  currents  and  these  were  conveyed 
to  the  recorder. 

The  idea  is  that,  since  the  crankshaft  is  turning 
around,  if  it  were  turning  at  a  uniform  speed  it  would 
carry  this  large  inertia-piece  with  it  at  a  uniform  speed, 
and  there  would  be  no  relative  motion  between  the  float- 
ing, heavy,  inert  piece  and  the  crankshaft  itself;  but  if 
the  crankshaft  is  accelerating  and  retarding,  there  would 
be  relative  motion  between  it  and  the  inertia-piece. 

It  was  arranged  so  that,  as  the  two  moved  with  refer- 
ence to  each  other,  a  small  magnet  was  plunged  into  a 
tiny  coil,  having  its  contacts  connected  to  the  recording 
instrument;  hence,  any  relative  motion  that  occurred 
would  be  recorded  as  wiggles  in  the  lines  of  the  record. 
If  one  were  dealing  with  a  steam  turbine,  one  would  have 
a  perfectly  straight  line  down  through  the  middle  of  the 
record,  but  if  the  power  comes  on  in  spurts  as  it  does 
even  in  a  multi-cylinder  engine,  there  will  be  an  accelera- 
tion of  the  crankshaft,  it  will  again  chase  ahead  of  the 
floating  piece,  the  floating  piece  will  tend  to  catch  up 
with  it  and  there  will  be  indications  as  shown  in  Fig.  11. 
For  example,  at  the  top  of  Fig.  11  is  evident  a  very  good 
sharp  explosion  from  the  engine  followed  by  another 
good  explosion,  but  there  was  evidently  something  extra 
that  came  in  there,  some  extra  wiggle  that  was  not  caused 
by  the  explosion,  and  neither  one  of  the  two  explosions  on 
the  left  is  particularly  sharp.  They  show  extra  vibration 
and  an  extra  source  of  noise  for  some  reason. 

The  top  curve  in  Fig.  11  shows  the  engine  when  idling 
at  600  r.p.m.  It  was  then  put  under  full  load  and  the 
engine  speed  fell  to  425  r.p.m.  It  will  be  noted  that  the 
engine  was  missing  fire,  as  shown  in  the  middle  curve 
but,  in  addition,  under  a  heavy  load,  such  sharp  breaks 
do  not  appear  as  when  under  no  load  at  all.  The  engine 
was  then  run  idle  at  a  higher  speed,  approximately  700 
r.p.m.    Once  in  a  while  there  are  sharp  breaks  and  from 


time  to  time  there  are  extra  breaks.  Evidently,  there  is 
a  source  of  some  vibration  other  than  that  due  to  the 
mere  blow  of  the  explosion  each  time.  The  engine  is 
over-running.  The  amount  of  over-run  and  chatter  can 
be  measured  with  fair  accuracy  from  the  shape  of  the 
curve.  It  shows  up  best  in  the  first  wiggle  to  the  left  in 
the  bottom  curve. 

The  other  test  that  Mr.  Midgley  made  was  on  valves 
and  rocker-arms.  A  small  piece  of  soft  iron,  made  ad- 
justable, was  carried  on  the  rocker-arm  that  came  into 
the  field  of  a  permanent  horseshoe  magnet.  A  few  turns 
of  wire  around  the  magnet  were  connected  with  the  re- 
corder. Every  time  the  rocker-arm  moved  in  the  field 
of  the  permanent  magnet,  a  current  was  induced  in  the 
coil,  this,  in  turn,  setting  the  tungsten  wire  in  the  field 
of  the  galvanometer  to  moving  and  producing  a  wiggle 
on  the  record. 

A  number  of  tests  are  shown  in  Fig.  12.  The  rocker- 
arms  were  held  tightly  on  the  tappets.  The  top  view 
represents  the  rise  and  fall,  showing  a  very  regular  mo- 
tion free  from  chatter.  In  the  next  view,  with  every- 
thing adjusted  as  tightly  as  possible,  Mr.  Midgley  got  a 
particularly  small  and  sharp  uniform  motion  of  the  parts ; 
in  the  third  view  he  had  the  adjustments  rather  loose, 
purposely.  Comparing  this  last  with  that  at  the  top,  it 
will  be  noticed  that  the  lost  motion  has  begun  to  show  up 
Quantitatively.  One  can  determine  how  much  it  is  and 
how  long  it  lasts  and  compare  good  adjustments  such  as 
those  shown  in  the  two  upper  views  with  bad  adjust- 
ments such  as  those  shown  in  the  view  directly  beneath 
them. 

The  view  at  the  bottom  shows  an  attempt  to  hold  down 
one  end  and  not  the  other.  The  rocker-arms  were  held 
tightly  on  the  valve-stems  just  as  in  the  second  view 
they  were  held  tightly  on  the  tappets.  Again,  when  lost 
motion  was  taken  up  purposely,  there  was  less  chatter. 
The  records  in  the  two  upper  views  and  that  at  the  bot- 
tom show  a  very  good  performance  compared  with  that 
in  next  to  the  bottom  view,  but  the  record  in  the  view 
directly  above  it  is  the  best. 

The  records  I  have  presented  here  do  not  include  those 
from  bad-acting  valves  or  engines  generally  and  so  they 
do  not  show  the  worst  kinds  of  trouble  that  one  can  get. 
They  give  an  indication  of  what  one  can  work  toward. 

THE  DISCUSSION 

J.  H.  Hunt: — What  is  the  natural  period  of  that 
vibrating  element?  What  is  its  sensitivity  in  regard  to 
current?  I  can  use  it  in  an  entirely  different  way  from 
the  one  Professor  Trowbridge  has  outlined. 

Prof.  A.  Trowbridge: — One  can  have  any  free  period 
desired;  it  depends  upon  the  tension.  I  have  been  using 
it  so  that  it  had  no  period  at  all.  The  damping  is  really 
of  more  importance  than  the  question  that  Mr.  Hunt 
raises.  I  had  considerable  trouble  with  that.  The  in- 
strument that  I  designed  for  use  in  the  Army  was  not 
properly  damped;  when  I  returned  home  I  redesigned  it 
so  that  I  have  a  practical  instrument.  It  is  heavily 
damped. 

In  regard  to  its  current  sensitivity,  I  usually  work 
with  a  deflection  of  about  10'*  amp.  per  mm.  (0.03937 
in.).  The  resistance  of  the  tungsten  wire  itself  is  in 
the  neighborhood  of  15  or  20  ohms.  The  wire  should  be 
made  as  short  as  possible.  Most  people  are  wrong  in  that. 
The  string  should  be  made  as  short  as  possible  because 
the  damping  depends  upon  its  length.     Damping  is  much 
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Molecular  Movements  During 
Combustion  in  Closed  Systems 


By  Thomas  Mux; ley,  Jr.1 
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Illustrated  with  Photograph  mid  Chart i 


THE  paper  is  an  exposition  of  the  theoretical  analysis 
made  by  the  author  of  the  experimental  work  of 
Woodbury,  Canby  and  Lewis,  on  the  Nature  of  Flame 
Movement  in  a  Cosed  Cylinder,  the  results  of  which 
were  published  in  The  Journal  in  March,  1921.  No 
experimental  evidence  is  presented  by  the  author  that 
has  not  been  derived  previously  by  other  investigators. 

The  relation  of  pressure  to  flame  travel  is  derived 
first,  the  relation  of  mass  burned  is  considered  and  a 
displacement  diagram  constructed,  described  and  an- 
alyzed. The  break  of  the  flame-front  curve,  called  the 
"point  of  arrest,"  enters  prominently  into  the  discus- 
sion and  computations;  the  pressure  in  the  flame-front 
is  studied;  the  reaction-velocities  are  calculated;  and 
general  comments  are  made. 

The  mathematical  analysis  is  supplementary  to  the 
paper  itself  and  includes  the  calculations  for  the  rela- 
tion of  pressure  to  flame  travel,  pressure  drop  in  the 
flame-front,  and  the  actual  and  the  theoretical  reaction 
velocities. 

THIS  paper  presents  a  method  of  analyzing  the  be- 
havior of  all  portions  of  a  gas  as  it  undergoes 
combustion  in  a  closed  chamber,  a  photograph  of 
the  flame-travel  and  a  pressure-time  card  being  used  as  a 
basis  for  the  analysis.  It  is  shown  how  the  movements 
of  these  gases  are  affected  by  the  progress  of  the  flame- 
front.  The  physical  forces  set  up  by  combustion  are  dis- 
closed and  the  actual  reaction  velocity  of  combustion  is 
derived.  The  paper  is  purely  analytical.  No  experi- 
mental evidence  is  presented  that  has  not  been  derived 
previously  by  other  investigators.  The  particular  piece 
of  experimental  work  that  is  used  for  the  basis  of  this 
analysis  is  that  carried  out  by  Woodbury,  Lewis  and 
Canby,  at  the  Eastern  laboratory  of  E.  I.  du  Pont  de 
Nemours  &  Co.,  and  presented  in  their  paper  on  The 
Nature  of  Flame  Movement  in  a  Closed  Cylinder,1  at 
the  1921  Annual  Meeting  of  the  Society. 

An  outline  of  the  procedure  followed  by  Woodbury, 
Lewis  and  Canby  in  their  work  is  that  a  bomb  1  ft.  long 
and  4  in.  in  diameter  was  arranged  so  that  an  explosive 
mixture  of  gases  could  be  fired  inside  it.  A  narrow 
window  of  the  same  length  as  the  bomb  was  provided  in 
the  wall  of  the  chamber  for  emitting  the  light  from  the 
reaction,  and  a  system  of  lenses  was  used  for  focusing 
an  image  of  the  window  upon  a  highly  sensitive  film 
mounted  upon  a  revolving  drum.  A  pressure  element 
was  inserted  at  the  center  of  the  top  of  the  bomb  for 
measuring  the  rise  of  pressure.  The  pressure  changes 
were  recorded  on  a  film  that  was  held  on  a  drum  mounted 
upon  the  same  shaft  as  that  of  the  drum  for  recording 
the  flame  travel  as  is  shown  in  Fig.  1.  By  developing 
the  two  films,  a  record  was  obtained  which  gave  a  dis- 
tance-time curve  of  the  flame  travel  and  the  pressure- 
time  curve  corresponding  thereto.    Two  typical  curves  of 
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Curve  of  Flame  Travel   and   the  Corresponding   Pressure-Timb 

Curve 

this  sort  are  shown  in  Fig.  2.  Ignition  was  obtained 
from  a  spark-plug  located  in  the  center  of  the  bottom  of 
the  bomb.  For  purposes  of  analysis  in  this  work,  the 
bomb  will  be  considered  as  being  of  unit  cross-sectional 
area,  instead  of  being  4  in.  in  diameter;  this  simplifies 
the  calculation  and  introduces  no  errors.  The  actual 
pressure  curves  obtained  by  Woodbury,  Lewis  and  Canby 
will  not  bear  the  scrutiny  of  this  analysis,  due  most  likely 
to  improper  calibration.  Mr.  Woodbury  concurs  in  the 
belief  that  improper  calibration  of  the  pressure  element 
may  easily  have  been  possible,  as  accurate  pressure  meas- 
urements were  considered  secondary  to  the  photograph- 


■  M.   S    A.   E. — Chief  Engineer,   fuel  section.   General   Motors  Re- 
search Corporation,  Dayton.  Ohio. 

•See  Thc  Journal.  March.   1921,  p.   209. 
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Fig.  3 — Curve  Showing  the  Relation  between  Flame  Travel  and 

Pressure 


ing  of  the  flame-front.  I  have  therefore  taken  the  liberty 
of  substituting  a  "typical"  curve  for  an  "actual"  curve 
in  Fig.  2,  to  avoid  incongruous  results. 

Relation  of  Pressure  and  Mass  Burned  to  Flame 
Travel 

The  first  essential  in  this  analysis  is  to  derive  the  rela- 
tion of  the  pressure  to  the  flame  travel.  This  derivation 
is  very  simple;  it  is  simply  necessary  to  refer  the  two 
curves  of  Fig.  2  to  each  other,  making  allowance  for  the 
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transmission  of  pressure  from  the  flame-front  to  the 
pressure  element  at  the  velocity  of  sound.  This  result  is 
plotted  in  Fig.  3. 

The  next  step  in  the  analysis  is  to  obtain  the  relation 
between  flame  travel  and  the  percentage  of  gas  burned. 
This  is  obtained  by  considering  the  compression  of  the 
unburned  portion  of  gas  in  advance  of  the  flame-front. 
This  gas  either  compresses  adiabatically  or  receives  heat 
from  some  source.  The  time  is  entirely  too  short  for  any 
appreciable  interchange  of  heat  with  the  walls  of  the 
container,  the  only  possible  change  of  total  heat  being 
therefore  by  radiation  from  the  luminous  portion  of  the 
charge.  Infra-red  spectroscopic  investigations  do  not 
show  any  great  absorptive  power  of  the  unburned  por- 
tion. There  is,  of  course,  some  absorption,  but  it  is  alto- 
gether negligible  for  present  purposes.  We  are  there- 
fore fully  as  well  justified  in  assuming  that  this  gas 
compresses  adiabatically  as  we  are  in  assuming  the  prac- 
tical existence  of  adiabatic  compression  itself. 

We  can  now  proceed.  The  volume  of  the  unburned 
portion  at  any  instant  is  established  by  the  position  of 
the  flame-front;  the  pressure  corresponding  thereto  is 
obtained  from  Fig.  3.  The  original  pressure  and  speci- 
fic volume  of  the  charge  are  known ;  so,  by  using  the 
equations  of  adiabatic  compression,  we  can  calculate  the 
quantity  of  unburned  charge,  which,  by  difference,  gives 
us  the  total  quantity  of  charge  burned.  This  is  graphi- 
cally represented  as  Curve  B,  in  Fig.  4. 

Before  proceeding  with  the  main  discussion,  it  is  well 
to  point  out  that  this  method  of  analysis  makes  it  pos- 
sible to  determine  the  thermal  behavior  of  the  hot  gas 
at  the  rear  of  the  flame-front,  which  is  also  being  com- 
pressed, and  to  determine  the  nature  of  this  compression. 
We  are  justified  in  making  no  assumptions  regarding 
this  gas  except  that  the  general  equation  for  its  com- 
pression should  be  of  the  type  PVn  =  C,  where  n  is  al- 
ways less  than  the  ratio  of  the  specific  heats.  To  investi- 
gate this  equation  properly,  it  will  be  necessary  to  have 
much  more  accurate  data  than  are  now  available.  But 
we  are  able  from  the  data  at  hand  to  predict  that  n  is 
variable  in  the  equation  PVn  =  C,  and  a  function  of 
flame  travel,  x.  A  critical  study  of  n  =  f  (x)  undoubtedly 
will  throw  much  light  on  the  questions  of  after-burning, 
dissociation  and  heat  rejection  to  cooling  systems.  These 
subjects  form  no  part  of  the  present  paper,  which  is 
concerned  only  with  the  physical  behavior  of  the  gases, 
and  further  discussion  of  them  must  be  left  to  a  later 
date. 

Derivation  of  Displacement  Diagram 

A  very  interesting  diagram  can  now  be  derived.  If  a 
ilame-f  ront  photograph  be  plotted  on  the  same  coordinate 
sheet,  Curve  B  in  Fig.  4,  and  the  corresponding  relation 
of  mass  burned  to  flame-front  travel,  given  by  Curve  A 
in  Fig.  4,  it  is  possible  to  determine  the  time  and  place 
that  a  certain  mass-particle  burns.  For  example,  to  de- 
termine at  what  point  on  the  flame-front  curve  a  particle 
that  was  0.1  of  the  way  up  the  bomb  before  ignition 
undergoes  combustion,  we  start  at  a,  which  represents 
0.1  of  the  total  mixture  by  weight,  and  draw  a  vertical 
line  until  it  intersects  Curve  A  at  b.  From  this  point 
we  draw  a  horizontal  line  until  it  intersects  Curve  B 
at  c.  Thus,  c  is  then  the  point  at  which  a  particle  with 
an  original  position  of  0.1  is  undergoing  combustion; 
and,  if  the  distance  from  c  to  d  be  divided  into  nine 
equal  parts,  the  angle  of  this  line  being  laid  off  with  rela- 
tion to  the  velocity  of  sound,  it  will  give  the  correspond- 
ing positions  of  particles  at  0.2,  0.3  and  so  on.  Exactly 
the  same  procedure  can  be  employed  for  determining  the 
positions  of  particles  at  the  rear  of  the  flame  front,  and 
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the  result  is  the  displacement  diagram  of  the  particles 
during  total  combustion  that  is  shown  in  Fig.  •">. 

Studi  of  Displacement  Diagram 

The  displacement  diagram  thus  developed  is  plotted  be 
tween  the  coordinates  of  distance  of  flame  travel  ami  of 
time.    The  velocity  of  a  particle  at  a  given  point  can  be 
ermined  from  such  a  diagram  bj   measuring  the  tan- 

of  the  displacement  curve.  It  is  this  fact  that 
makes  it  possible  to  determine  the  causes  of  many  of  the 
phenomena  thai  were  first  brought  to  light  by  the  work 
of  Woodbury,  Lewis  and  Canby.  For  example,  there  is 
a  vibratory  condition  in  the  gases  following  complete 
combustion,  which  is  shown  in  Fig.  6  and  exhibits  itself 
a-  successive  light  and  dark  bands.  It  was  demonstrated 
by  Woodbury,  Lewis  and  Canby  that  these  light  and  dark 
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bands  corresponded  to  a  vibratory  movement  on  the  pres- 
sure record.  The  expansion  line  of  an  indicator-card 
from  an  engine  shows  precisely  the  same  thing,  as  illus- 
trated in  Fig.  7,  and  is  thus  proved  to  be  due  to  a  surg- 
ing of  the  gases.  The  displacement  diagram  gives  a  com- 
plete explanation  of  the  mechanism  by  which  these 
"surges"  are  set  up.  It  will  be  observed  from  the  dia- 
gram that,  after  the  flame-front  has  reached  the  end 
of  the  bomb,  the  mass-particles  have  a  rearward  velocity. 
e  these  particles  have  inertia,  surging  consequently 
results  as  is  indicated  in  Figs.  5,  6  and  7.  The  pressure 
of  the  surges  can  be  calculated. 

Another  very  interesting  disclosure  is  the  condition 
resulting  from  the  break  of  the  name-front  curve,  called 
the  "point  of  arrest."  Sudden  changes  occur  in  the  ve- 
locities of  the  mass-particles  at  the  point  of  arrest,  this 
being  evidenced  by  the  sharp  breaks  in  the  displacement 
curves.  Because  of  these  changes  in  velocity  and  the 
that  the  particles  have  inertia,  wave  motion  should 
result.  The  reproduced  photograph  in  Fig.  6  shows  that 
this  is  the  case. 

A  further  point  of  interest  is  the  bright  flash  on  the 

photograph  extending  from  a  point  at  approximately  the 

position  of  the  flame  arrest  toward  the  bottom  of  the 

bomb.    This  has  heretofore  been  interpreted  as  evidence 

recombustion  running  rearwwdly  through  a  portion 


Fig.  6 — Proof  ok  thb  Existence  of  Vibrator*  Conditions  in  the 

1  i  worded  by  the  pres- 

xm.  Dark  Bands  in  a  Photograph 


of  the  mixture  that  remained  unburned  during  the  pas- 
sage of  the  flame-front.  But  the  displacement  diagram 
in  Fig.  5  shows  conclusively  that  this  is  not  the  case; 
because,  if  it  were  due  to  a  chemical  reaction,  it  could 
not  remain  stationary  with  respect  to  the  mass-particles, 
but  would  be  forced  to  travel  through  them.  On  the 
other  hand,  if  it  were  a  point  of  extreme  luminosity,  it 
would  remain  stationary  with  respect  to  the  mass- 
particles.  Since  this  last  is  precisely  what  does  happen, 
it  proves  that  the  bright  flash  is  simply  a  portion  of  the 
burned  mixture  that  is  more  luminous  than  the  adjacent 
material. 

Pressure  in  the  Flame-Front 

Attention  is  called  to  a  very  interesting  fact  that  the 
displacement  diagram  in  Fig.  5  gives  us,  which  deserves 
serious  consideration  because  it  is  a  new  thought  about 
flame  propagation.  If  the  path  of  any  mass-particle  be 
followed  on  the  diagram,  it  will  be  observed  that  the 
particle  has  an  upward  velocity  just  before  it  is  burned; 
but,  immediately  after  its  combustion,  the  same  particle 
has  a  downward  velocity.  In  view  of  the  facts  that  the 
particle  has  mass  and  that  its  velocity  has  been  changed, 
a  force  must  have  been  operating  in  the  direction  of  the 
change  of  velocity.  In  a  space  filled  with  gas  alone,  the 
only  forces  that  can  be  operating  are  such  gas  pressures 
as  may  be  due  to  unequal  distribution  of  pressure  within 
the  container.  It  is  possible  to  determine  just  what  the 
pressures  in  the  flame-front  are  by  using  some  equations 
of  flow;  this  is  explained  in  Appendix  2. 

Fig.  8  shows  a  curve  of  these  calculated  pressures  in 
the  flame-front  during  the  flame  travel.  The  pressure 
shown  at  any  point  is  the  difference  between  the  pres- 
sures of  the  unburned  and  the  burned  portions  of  the 
charge,  the  unburned  portion  being  at  the  higher  pres- 
sure. It  is  interesting  to  note  that  this  pressure  is 
merely  nominal  through  the  early  stages  of  the  reaction ; 
but,  just  before  the  point  of  flame  arrest,  it  has  become 
an  appreciable  quantity.  I  wish  to  point  out  that  the 
pressure  differential  would  have  become  enormous  if  the 
flame-front  had  not  been  "arrested."  This  consideration 
will  be  referred  to  later  in  this  discussion. 

The  next  item  of  interest  that  can  be  derived  from  a 
displacement  diagram  is  the  reaction  velocity  of  the  com- 
bustion.    The  reaction  velocity  is  a  value  representing 
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the  number  of  molecules  entering  into  combustion  in  a 
unit  length  of  time.  It  can  be  obtained  by  scaling  the 
upward  velocity  of  a  mass  particle  just  before  combus- 
tion, subtracting  the  value  so  obtained  from  the  veloc- 
ity of  the  flame-front,  and  multiplying  the  remainder  by 
the  density  of  the  unburned  gas.  This  is  discussed  in 
Appendix  3.  The  actual  reaction  velocity  is  shown  in 
Fig.  9. 

It  is  unfortunate  that  the  du  Pont  apparatus  gave  the 
"flame  arrest"  phenomena,  which  we  feel  must  be  attrib- 
uted solely  to  a  harmonic  condition  of  the  bomb,  as  other- 
wise it  would  have  been  possible  to  continue  the  reaction- 
velocity  curve  to  the  end  of  combustion,  then  to  have 
plotted  this  as  a  function  of  the  pressure  and  to  have 
derived  the  exponential  equation  of  their  relationship. 
With  this  information  it  would  be  possible  to  tell  exactly 
just  how  the  various  molecules  and  atoms  concerned  were 
behaving  during  combustion.     Unfortunately,  the  flame 
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arrest  prevents   this  most  interesting  analysis  and  we 
must  wait  until  this  harmonic  condition  is  removed. 

General  Comments 

I  wish  to  emphasize  that  the  pressure  differential  at 
the  flame-front  suggests  itself  very  strongly  as  the 
physical  cause  of  the  effect  that  we  know  in  practice  as 
the  fuel  knock  or,  more  properly,  as  detonation.  If  this 
point  is  accepted,  calculations  can  be  carried  further  to 
illustrate  practically  all  of  the  phenomena  which  accom- 
pany detonation. 

We  hope  to  continue  these  investigations  to  further 
conclusions  and  to  present  the  results  obtained  from  time 
to  time  as  the  various  stages  are  completed. 

APPENDIX  1 

Calculation  of  the  Relation  of  Pressure  to  Flame 
Travel 

To  calculate  the  relation  of  pressure  to  flame  travel, 
we  proceed  in  the  following  manner.     Fig.  10  is  a  dia- 
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Fig.   10 — Curve  of  the  Relation  between  Flame  Travel  an» 
Pressure  in  a  Closed  Bomb 

gram  of  a  closed  bomb  with  a  flame-front  at  a  distance  x 
from  its  origin. 

Let 

x  =  the  distance  the  flame  has  traveled 
B  —  the  original  volume  of  gas  that  has  expanded  to  x 
p  =  the  instantaneous  pressure 
Pi  =  the  original  pressure  =  1  atmosphere 

By  simple  adiabatic  relationship, 

tS\v 

P. 

and 

P,  =  l 
Then, 

This  can  be  transposed  to 

B  =  l  —  (l  —  x)pVi 

By  using  values  from  Curve  A  in  Fig.  4,  we  can  derive 
values  for  B  and  plot  Curve  B  of  Fig.  4. 
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APPENDIX  2 
Calculation  of  Pressure  Drop  in  the  Flame-Front 

To  calculate  the  pressure  drop  in  the  flame-front,  let 

us  consider  the  flame-front  as  being  stationary  and  that 
the  gases  pass  through  it.  This  is  perfectly  allowable 
for  instantaneous  considerations  such  as  the  present.  UC 
then  have  the  condition  shown  at  the  left  of  Fig.  11, 
where  the  velocity,  r,  is  the  velocity  of  the  particles  en- 
tering combustion  with  respect  to  the  flame-front.  Let 
dm  be  a  small  mass  of  gas  in  the  flame-front,  of  a  thick- 
ness da  and  an  area  equal  to  unity.  Then  the  pressure 
change  is  equal  to  — (P, —  P.),  which  is  equal  to  — dp. 
It  will  be  observed  that,  as  dm  passes  through  the  flame- 
front,  it  increases  its  temperature  and  consequently  its 
volume.  An  increase  of  volume  requires  an  increase  of 
velocity,  and  an  increase  of  velocity  means  a  pressure 
drop  to  secure  the  necessary  acceleration.  Since  force 
equals  mass  times  acceleration,  or  F  =  MA,  we  have,  for 
unit  area,  — Up      dmA.     But 


A 

dv 

~  dt 

where 

Then, 

v  =  the  velocity 

-dp 

,     dv 
=  dmdt 

It  wi 

II  be  observed  that 

where 

dm 

ds 

V  = 

-  the  specific  volume 

0- 

=  32.2 

Substit 

uting 

foi 

ll»l 

we  get 
-dP  = 

da  v/  dv 
gV     dt 

But 


Then. 


ds_ 
dt 


—  dp  = 


vdv 

gV 


(i) 


Let  W  be  the  weight  of  gas  entering  the  flame-front, 
expressed  in  pounds  per  second.  Here  W  is  treated  as 
a  constant  on  the  assumption  that  during  the  passage  of 
the  element  dm  through  the  flame-front  no  change  in  W 
occurs.  Of  course,  this  is  not  strictly  true.  The  right 
to  assume  constancy  depends  largely  upon  the  magnitude 
of  the  actual  change  of  W  during  this  time,  which  will 
depend  upon  the  length  of  time  the  element  dm  is  in  the 
flame-front  and  this,  in  turn,  depends  upon  the  thick- 
ness of  the  flame-front.  Woodbury,  Canby  and  Lewis 
have  established  that  the  maximum  pressure-rise  occurs 
as  nearly  coincidently  with  the  end  of  the  flame  travel 
as  it  is  possible  to  measure.  If  the  flame-front  were  of 
any  appreciable  thickness,  this  condition  could  not  exist. 
I  have  some  inconclusive  evidence  of  another  sort,  the 
details  of  which  are  unnecessary  here,  that  indicates  a 
thickness  of  flame-front  during  detonation  of  less  than 
1/32  in.  I  believe  this  to  be  a  safe  value  to  take  for  the 
flame-front  thickness.  It  introduces,  at  the  point  of  ar- 
rest, a  deviation  from  constancy  of  only  1  per  cent  for 
W.  Under  these  conditions  the  assumption  is  justifiable. 
Since  the  bomb  is  of  unit  cross-section,  v  =  WV;  then 
dv  =  WdV.  Substituting  in  equation  (1)  for  v  and  dv, 
we  obtain 


P. 

ds 

V 

• 

V 

dm 


Flo.  11 — Diagram  (at  the  Left)  of  the  Relations  Existing  in 
the  Flame-Front  Where  the  Gases  Abb  Considered  as  Passing 
THROUGH  a  Stationary  Flame-Front  and  (at  the  Right)  Show- 
ing How  the  Equation  for  Pressure  Drop  Becomes  a  Straight 
I. ink  under  Certain  Conditions 


By  integration  between  the  limits  P  to  P,  and  V  to  V, 
we  obtain, 


W 

Pi  —  P=—  (V  —  V,) 

g 


(2) 


—  dp=—  X  WdV  = 
g 


W 


dY 


In  equation  (2),  P,  and  V,  are  constants;  P  and  V 
represent  the  pressure  and  the  specific  volume.  This 
equation  becomes  a  straight  line  on  the  pressure-volume 
diagram,  as  shown  at  the  right  of  Fig.  11. 

We  can  now  proceed  to  apply  this  formula  to  calculate 
the  pressure  in  the  flame-front.  For  example,  consider- 
ing a  particle  having  an  original  position  of  0.200  that 
burns  at  position  0.663,  at  that  time  it  has  a  velocity  with 
respect  to  the  flame-front  of  11  ft.  per  sec,  which  we 
obtain  by  scaling  the  displacement  diagram.  The  orig- 
inal specific  volume  of  the  gas  is  12  cu.  ft.  per  lb.  The 
specific  volume  of  particle  0.200  at  position  0.663  before 
combustion  is  12 [(1  —  0.663)  -f-  (1  —  0.20)]  =  5.06  cu. 
ft.  per  lb.  The  specific  volume  of  particle  0.200  at  position 
0.663  after  combustion  is  12(0.663-^0.200)  =39.9  cu. 
ft.  per  lb.  Hence,  the  weight-rate  of  gas  flowing  is 
11  -4-  5.06  =  2.17  lb.  per  sec.  Substituting  these  values 
in  equation  (2),  we  have  P^—P=  [  (2.17) '  ~  32.2]  (39.9 
—  5.06)  =  5.09  lb.  per  sq.  ft. 

APPENDIX  3 

Derivation  of  the  Actual-Reaction  Velocity 

To  derive  the  actual-reaction  velocity,  take  the  veloc- 
ity of  the  particles  with  respect  to  the  flame-front,  as 
obtained  from  the  displacement  diagram  (Fig.  5)  and 
divide  this  by  the  specific  volume.  We  obtain  thereby  a 
figure  representing  the  number  of  molecules  passing  into 
the  combustion  per  unit  of  time.  This  is  simply  W,  the 
weight  of  gas  passing  into  the  flame-front  per  second, 
which  was  derived  in  Appendix  2.  There  values  are 
plotted  against  flame  travel  in  the  curve  of  actual  reac- 
tional  velocity  shown  in  Fig.  9. 

As  an  extrapolation,  for  the  reaction  velocity  of  parti- 
cle 0.0,  we  have  burned  0.195  cu.  ft.  in  0.01  sec.  at  the 
point  of  flame  arrest,  and  0.195  cu.  it.-i-  12  =  0.01625  lb. 
Then  the  average  reaction-velocity  has  been  0.01625-=- 
0.01  =  1.625  lb.  per  sec.  Therefore,  the  initial-reaction 
velocity  should  be  in  the  neighborhood  .of  0.8.  We  can 
assume  this  for  purposes  of  plotting  and  then  check  by 
the  integration  of  the  curve.  This  value  checks  well 
enough  for  all  practical  purposes. 
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THE  DISCUSSION 

Prof.  Augustus  Trowbridge: — Mr.  Midgley  shows  in 
Fig.  5  exactly  what  takes  place  in  a  way  that  has  per- 
haps never  been  presented  before.  The  obvious  thing 
about  this  diagram  is  that  at  the  flame-front  there  is  a 
real  reflection,  so  to  speak,  of  the  particles  that  have 
been  moving  forward,  and  at  the  flame-front  they  are 
turned  around  and  move  in  the  opposite  direction. 

I  do  not  doubt  that  the  first  man  who  saw  the  phe- 
nomenon of  the  flame  arrest  was  greatly  puzzled.  Appar- 
ently, the  flame  runs  down  the  tube  toward  the  closed 
end ;  then  it  appears  to  come  backward ;  then  it  goes 
ahead,  wavers  again,  then  goes  forward;  then  wavers 
two  or  three  times  and  may  become  extinguished  at  that 
stage.  In  particularly  narrow  tubes  it  often  does  be- 
come extinguished;  however,  if  it  does  not,  it  always 
proceeds  with  something  approaching  detonation  speeds, 
speeds  inordinately  greater  than  those  shown  in  Fig.  5. 
One  thing  that  occurs  to  me  is  that  in  the  conditions 
shown  in  Fig.  5  we  are  probably  far  from  those  of  the 
detonation  stage.  If  the  experiment  had  been  carried 
out  in  a  tube  of  narrower  bore  and  greater  length,  I 
should  judge  that  there  might  have  been  more  than  one 
of  these  stages  of  flame  arrest,  followed  by  a  curve  which 
would  be  almost  a  vertical  line. 

It  is  highly  desirable  that  accurate  data  be  collected 
so  as  to  permit  a  rigid  test  of  the  validity  of  the  rela- 
tionship pv"  =  C  to  the  rear  of  the  flame-front.  Mr. 
Midgley  states  that  the  interpretation  of  the  data  al- 
ready at  hand  suggests  that  n  is  not  a  constant.  If  this 
be  so,  the  process  can  hardly  be  described  as  adiabatic. 
If  n  is  variable,  the  process  is  one  in  which  heat  is  being 
lost  by  the  system  and  so  a  knowledge  of  how  n  varies 
with  the  time  or  with  the  position  of  the  flame  travel 
may  throw  light  on  the  manner  of  the  heat  loss. 

I  recorded  some  results  of  experiments  about  a  year 
ago,  at  a  meeting  of  the  National  Academy  of  Sciences, 
regarding  changes  of  mixture,  content  and  pressure.  I 
am  reasonably  certain  that  there  is  absolutely  no  change 
possible  in  flame  speed  brought  about  by  change  of  ex- 
ternal pressure.  If  conditions  are  started  at  a  pressure 
of  1  atmosphere,  we  have  a  certain  speed  and  we  get 
practically  the  same  speed  at  10  atmospheres.  Neither 
do  changes  in  gross  temperature  outside  the  cylinder  do 
very  much.  The  speed  is  very  nearly  the  same,  whether 
it  starts  hot  or  cold.  The  conclusion  is  that  we  cannot 
get  close  enough  to  the  real  thing.  With  this  wave-front 
with  the  change  in  pressure,  the  temperature  at  that 
point  is  highly  effective  in  changing  the  flame;  but  we 
must  do  it  chemically,  physically,  through  reagents  that 
get  in  close,  such  as  sound-waves  and  things  of  that  sort, 
and  not  from  the  outside. 

I  applied  the  experiments  to  very  long  tubes  compared 
to  those  used  in  Mr.  Woodbury's  work  and  observed  the 
very  curious  phenomenon  that  in  practice,  in  closed- 
bomb  experiments,  this  flame  wave  is  very  much  longer 
than  we  imagine.  I  have  some  fairly  conclusive  data 
that  we  can  actually  fire  a  mass  of  coal  gas  and  air  in 
the  ratio  of  14  to  1,  and  can  fire  that  mass  much  more 
rapidly  by  starting  it  off  22  in.  away  from  the  bomb 
than  by  firing  it  in  the  bomb  itself.  We  get  complete 
combustion  more  quickly  by  getting  past  this  stage  of 
wavering,  and  shooting  the  charge  in  then.  One  will  find 
that  the  pressure-rises  actually  come  more  rapidly  by 
getting  off  farther,  so  that  this  stage  of  wavering  is 
passed,  and  then  coming  in  at  almost  detonation  speed; 
that  is,  one  gets  higher  gas-flame  speeds  from  detonation 
from  a  greater  distance. 

('.  A.  Woodbury: — Those  who  have  spent  much  time  in 


theorizing  on  flame  propagation  realize  the  necessity  for 
a  simplification  of  the  conception  of  what  takes  place 
when  flame  travels  across  a  cylinder-head.  ,  The  displace- 
ment diagram  that  Mr.  Midgley  shows  in  Fig.  5  is  a  con- 
tribution along  that  line.  It  will  simplify  our  ideas  of 
just  what  happens  when  we  ignite  an  explosive  charge 
of  gas  and  air  and  the  flame  travels  across  the  cylinder. 
But  there  is  one  point  which  is  not  clear  to  me  in  regard 
to  his  conception  of  this  flame  movement.  He  speaks  of 
the  difference  in  pressure  between  the  area  ahead  of  the 
flame  and  that  back  of  it,  and  that  it  is  this  difference 
in  pressure  that  is  responsible  for  the  rapid  movement 
of  the  particle  from  the  flame-front  when  once  released. 
This  particle  is  ahead  of  the  flame  front  before  the  flame 
hits  it  and  ignites  it,  and  of  course  it  must  be  behind  it 
after  it  is  burned.  When  this  flame  moves  forward  and 
attacks  a  particle  of  gas  and  burns  it,  that  particle  of 
gas  must  expand,  and  something  must  happen  to  it.  The 
heat  units  liberated  require  that  this  gas  particle  ex- 
pand, but  that  expansion  will  develop  pressure  both 
ahead  and  back  of  the  flame-front.  The  particles  ahead 
will  be  pushed  forward  still  farther  and  the  particles 
behind  will  be  pushed  back  still  farther,  the  extent  of 
the  movement  depending  in  both  cases  upon  the  relative 
compressibility  of  the  two  sections  of  gas.  I  cannot  see 
that  this  needs  the  assumption  that  we  must  have  a 
pressure  differential  between  the  areas  ahead  of  and  be- 
hind the  flame-front. 

Thomas  Midgley,  Jr.  : — It  is  because  of  the  law  of  na- 
ture that  force  equals  mass  times  acceleration.  The  par- 
ticle has  mass,  and  it  is  accelerated  toward  the  rear  of 
the  bomb.  Hence,  there  must  be  a  force  acting.  The 
only  force  that  can  be  acting  in  the  space  that  is  filled 
with  nothing  but  gas  is  a  pressure  differential  in  the 
gas.  The  region  within  which  this  pressure  differential 
exists  is  actually  in  the  flame-front.  The  gas  on  the 
forward  side  of  the  flame-front  in  Fig.  5,  the  point  of 
flame  arrest,  has  about  0.3  lb.  per  sq.  in.  higher  pressure 
than  the  gas  back  of  the  flame-front,  in  order  that  the 
flame  may  be  enabled  to  expel  the  products  of  combustion. 

The  total  pressure  developed  is  a  large  factor  in  com- 
parison with  the  pressure  differential.  The  pressure  in 
the  gas  does  not  all  become  pressure  in  the  flame-front 
by  any  means.  The  pressure  differential  in  the  flame- 
front  is  only  the  small  part  that  is  necessary  for  the 
flame  to  get  rid  of  its  ashes.  It  is  an  automatic  ash- 
remover  by  which  the  flame  is  enabled  to  throw  the 
reacted  mass-particles  to  its  rear. 

Mr.  Woodbury: — I  conceive  that  at  the  point  a  in  Fig. 
5  the  downward  velocity  of  that  particle  away  from  the 
flame-front  is  greater  than  the  upward  velocity  of  par- 
ticle b  in  the  direction  c  d,  but  what  is  the  condition 
down  at  the  bottom  of  the  bomb?  Would  not  the  down- 
ward velocity  of  particle  a  be  less  than  the  upward  ve- 
locity of  particle  b,  as  indicated  in  Fig.  13? 

Mr.  Midgley: — It  makes  no  difference  whether  the 
velocity  to  the  rear  is  greater  than  the  velocity  in  front 
of  the  flame-front;  the  fact  remains  that  the  direction 
has  been  changed.  The  pressure  differential  does  not 
apply  until  the  flame-front  has  had  time  to  get  the  par- 
ticles ahead  of  it  started  in  motion,  so  that  at  the  bot- 
tom, or  just  at  the  time  of  ignition,  the  pressure  differ- 
ential naturally  does  not  exist.  I  feel  that  this  disclo- 
sure of  a  pressure  differential  in  the  flame-front  is  the 
outstanding  result  of  this  analysis  so  far.  It  is  a  thing 
no  one  has  guessed,  so  it  is  hard  for  some  of  us  to  con- 
ceive. 

B.  B.  Bachman:  —  In  considering  the  Woodbury, 
Canby  and  Lewis  diagrams  of  flame  movement  and  the 
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pressure  increment,  upon  which  dome  of  this  analysis  is 

i.  there  is  a  lag  apparent  in  the  time  between  the 
initiation  of  the  flame,  which  starts  at  zero  time,  and  the 
initiation  of  pressure,  which  is  some  time  later.  The 
pressure  curve  in  Mr.  Midgley's  analysis  apparently 
allows  for  some  discrepancy  that  may  exist,  due  to  the 
fact  that  his  theoretical  curve  of  pressure  coini 
closely  with  the  observed  pressu 

In  considering  the  method  used  in  the  original  in\ 
ligation,  I  note  that  the  recording  of  flame  movement  is 
entirely  by  transmitted  light;  whereas  the  rise  of  pres- 
sure, of  necessity,  must  first  be  transmitted  through  the 
.  nta  of  the  vessel  at  the  velocity  of  sound  before  it 
reaches  the  pressure  element  whence  the  record  is  trans- 
mitted to  the  film  by  light  rays.  This  condition  raises 
the  question  in  my  mind  as  to  whether  the  difference  in 
time  between  the  appearance  of  flame  and  the  initiation 
of  pressure  is  due  to  the  method  of  obtaining  the  record. 
Have  the  experimenters  done  anything  to  determine 
what  loss  in  time,  if  any,  exists  in  transmitting  the  pres- 
sure from  the  point  of  inflammation  to  the  instrument? 

Mr.  Midgley: — I  think  there  is  no  question  in  the 
mind  of  anyone  who  is  willing  to  think  small  enough  that, 
with  the  initiation  of  the  flame-front,  there  must  be  a 
coincident  initiation  of  pressure.  But  the  experimental 
work  does  not  show  it.  The  theoretical  pressure-rise 
of  this  flame-front  is  a  curve  something  like  Curve  A 
in  Fig.  5.  It  is  evident  that  the  flame  can  travel  a  con- 
siderable  distance  before  there  is  any  appreciable  rise  in 
pressure.  Although  there  has  been  a  rise  of  pressure,  it 
is  only  a  fraction  of  a  pound,  due  to  the  fact  that  only 
a  very  small  portion  of  the  gas  has  been  burned.  One 
can  see  that  only  0.1  of  the  gas  has  been  burned  when 
the  flame  travel  is  one-half  way  down  the  bomb. 

Mr.  Woodbury: — We  did  put  the  pressure  element  on 
the  base  of  the  bomb.  I  think  it  was  for  the  purpose  of 
checking  up  with  the  arrest  in  the  flame.  It  was  not 
simply  a  surge  and  the  rate  of  gas  burned  was  exactly 
the  same,  even  though  the  flame  seemed  to  stop.  We  had 
an  idea  that  the  gas  was  pouring  through  there.  I  am 
not  sure  whether  it  checked  up  with  the  point  that  the 
first  indication  of  the  pressure  registered. 

A.  C.  BlGELOW : — Was  the  ignition  directly  in  the  bot- 
tom of  the  cylinder? 

Mr.  Midgley: — Yes. 

Mr.  Bigelow: — Do  you  consider  that  there  would  be 
very  much  of  a  change  in  the  shape  of  the  diagram  if 
that  ignition  had  been  on  the  side? 

Mr.  Midgley: — There  might  have  been;  I  do  not  know. 
This  whole  pressure  differential  that  is  calculated  in  the 
Appendices  of  this  paper  is  on  the  basis  of  a  bomb  of 
constant  cross-section.  If  we  upset  the  initiation  and 
have  a  flame-front  of  a  distinct  angle,  I  do  not  know 
what  the  result  would  be. 

G.  W.  Smith.  Jr.: — Have  you  formed  any  conclusions 
as  to  how  the  action  might  be  modified  for  substituting 
gasoline  for  acetylene  gas? 

Mr.  MIDGLEY: — I  have  an  idea  that  it  would  slow  down 
somewhat.     Otherwise  the  diagram  would  be  unchanged. 

Mr.  Woodbury: — I  think  that  would  be  the  case.  This 
curve  of  Mr.  Midgley's  is  a  typical  curve.  I  think  it 
makes  little  difference  whether  that  is  from  and  at  or- 
dinary temperatures  or  a  permanent  gas.  That  seems 
to  be  a  typical  behavior;  only  the  average  rate  of  the 
flame  would  vary. 

A  Member: — Was  anything  done  in  these  experiments 
to  use  a  different  moisture-content  in  the  air  that  was 
united  with  these  gases  for  combustion,  with  the  idea 
in  view  as  to  whether,  if  the  moisture-content  there  con- 


tained hydrogen  from  water,  il  woidd  have  anytime 
do  with  the  quality  of  the  light  bands,  if  it  should  n 
the  firing  point  of  the  hydrogen? 

Mr.  Midgley:— I  think  nothing  was  done  in  regard  to 
the  moisture-content    in   the  experimental  work.     There 
is  BO  much  else  to  be  done  in  that  sort  of  experiment  a 
non  that   this  litis  not  been  done. 

Will  Mr.  Woodbury  subscribe  to  my  belief  that  we 
■  an  work  more  intelligently  with  this  analysis  in  mind? 

MB.   WOODBUBI  :      Without    a   doubt. 

Mr.  Midgley': — Heretofore,  experimentation  on  fla 
propagation  has  consisted  more  or  less  of  setting  up 
something,  watching  it  burn  and  then  drawing  conclu- 
sions. There  is  a  little  matter  of  relativity  mixed  up 
with  it.  As  we  photograph  with  respect  to  a  fixed  bomb, 
the  gaseous  molecules  in  which  are  moving,  the  only 
thing  that  counts  is  how  fast  the  molecule  is  moving 
with  respect  to  the  flame-front.  That  is,  the  important 
thing  is  a  relative  velocity  of  flame-front  to  molecular 
movement.  Failure  to  appreciate  this  point  has  rendered 
valueless  the  large  volume  of  the  experimental  work  of 
just  this  sort  that  has  been  done. 

Harte  Cooke: — In  regard  to  Mr.  Midgley's  paper,  in 
the  old  steam-engine  days  we  had  a  very  peculiar  pause 
in  the  indicator-card  steam-line  for  that  type  of  engine 
in  the  low-pressure  cylinder.  The  pressure  would  com.' 
up  and  the  admission  would  begin;  then,  strange  to  say, 
there  would  be  a  pause.  We  had  always  thought  that 
this  pause  was  caused  by  some  irregularity  in  the  indi- 
cators. We  then  took  cards  on  the  low-pressure  cylinder 
with  the  high-pressure  indicator-motion,  bringing  the 
admission  in  the  middle  of  the  card  where  it  could  be 
seen.  There  was  then  no  question  that  the  pause  ex- 
isted but,  at  first,  so  far  as  we  could  see,  there  was  no 
reason  it  should  exist.  The  valves  were  opening  very 
rapidly  and  the  piston  was  standing  still.  However  as 
nearly  as  we  could  determine,  that  was  at  about  the 
place  where  the  temperature  of  the  entering  steam  be- 
came higher  than  the  temperature  of  the  cylinder-walls; 
it  became  conscious,  so  to  speak,  of  the  fact  that  the 
cold  cylinder-wall  existed.  The  cooling  effect  was  so 
great  that  the  steam  was  condensed  as  fast  as  it  came 
in,  momentarily.  Then  the  pressure  came  up  normally. 
That  is  interesting,  as  this  pause  was  very  much  the 
same  as  the  pause  Mr.  Midgley  has  shown. 


THE  STUDENT 

THE  present  remarkable  position  in  applied  science  and  in 
industrial  trades  of  all  sorts  has  been  made  possible  by 
men  who  did  pioneer  work  in  chemistry,  in  physics,  in  biology 
and  in  physiology,  without  a  thought  in  their  researches  of 
any  practical  application.  The  members  of  this  higher  group 
of  productive  students  are  rarely  understood  by  the  common 
spirits,  who  appreciate  as  little  their  unselfish  devotion  as 
their  unworthy  neglect  of  the  practical  side  of  the  problems. 
— William  Osier. 


TNTERN AL-COMBUSTION  ENGIX E 
FUELS 

THE  paper  on  Internal-Combustion  Engine  Fuels  printed 
in  the  March  issue  of  The  Journal  on  page  187  was  read 
by  Professor  Norman  before  the  Minneapolis  Section  some- 
what over  a  year  ago.  As  there  was  nothing  in  the  paper  to 
indicate  this,  some  readers  may  have  been  surprised  to  find 
certain  discrepancies  between  the  figures  used  and  those  given 
by  Dr.  J.  E.  Pogue  and  others  in  publications  of  a  later 
date. 
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NEARLY  every  general 
discussion  of  the  prob- 
lem of  motor  fuels  includes 
some  reference  to  the  use  of 
alcohol  for  this  purpose, 
either  alone  or  blended  with 
other  materials.  Engineers 
have  recognized  from  the  be- 
ginning the  special  advan- 
tages of  alcohol,  as  attested 
by  the  large  number  of  pa- 
pers and  reports. on  this  sub- 
ject extending  from  about 
1900  to  the  present  time.  An 
exhibition  of  alcohol  engines 
was  held  in  Paris  in  1902. 
The  use  of  alcohol  for  power 
purposes  had  been  developed 
in  Germany  under  direct 
Government  encouragement 
to  an  important  industry  by 
1905.  Much  of  the  best  and 
most  important  experimental 
work   with   alcohol   has  been 

confined  to  slow-speed  heavy-duty  stationary  engines,  al- 
though some  attention  has  been  paid  to  automotive  engines. 
The  special  reason  for  bringing  the  subject  up  at  this 
time  is  not  the  immediate  interest  in  the  use  of  alcohol  as  a 
fuel  in  this  Country  in  the  near  future,  but  rather  the  trend 
of  development  in  other  countries  that  may  affect  very  mate- 
rially the  automotive  industry  here.  So  long  as  gasoline  is 
available  in  the  quantities  desired  at  a  price  that  is  within 
reason,  the  use  of  alcohol  is  not  likely  to  become  general  in 
engines  built  specially  for  gasoline.  Moreover,  alcohol  prob- 
ably could  not  be  produced  in  the  United  States  in  sufficient 
quantity  to  affect  the  fuel  situation  here  greatly,  at  a  price 
that  would  compete  with  gasoline,  unless  a  very  acute  short- 
age of  the  supply  should  develop. 

There  are,  on  the  other  hand,  localities  where  quite  the 
opposite  condition  occurs,  the  demand  for  motor  fuel  being 
comparatively  small,  the  potential  supply  of  alcohol  large 
and  the  sources  of  gasoline  distant  and  controlled  by  outside 
interests.  This  is  true  to  a  considerable  extent  in  Cuba,  the 
Philippines,  Hawaii  and  in  much  of  South  America,  all  of 
which  territories  are  large  potential  users  of  the  products  of 
the  automotive  industry.  In  Cuba  at  present  it  is  reported 
that  half  the  motor  vehicles  are  using  alcohol.  If  true,  this 
shows  a  remarkable  demand  for  a  substitute  for  gasoline  as 
now  marketed  there.  But  it  may  also  be  a  menace  to  the 
industry.  Existing  stock  passenger-cars,  trucks  and  tractors 
are  not  adapted  to  the  use  of  alcohol  without  some  important 
modifications.  Its  general  use  under  these  conditions  may 
lead  to  difficulties  that  will  tend  to  discredit  the  vehicle  in 
which  it  is  used.  Our  powerplants  as  they  exist  today  are 
the  result  of  careful  and  detailed  adaptation  to  the  use  of  a 
certain  fuel,  gasoline.  To  be  equally  successful  with  another 
fuel  of  very  different  character  will  require  another  period 
of  adaptation. 

In  spite  of  the  difficulties  and  inconvenience  that  may  re- 
sult from  the  use  of  alcohol  in  present  stock  engines,  both 
alcohol  and  its  mixtures  with  gasoline  are  excellent  fuels 
possessing  many  important  advantages  over  gasoline.  More- 
over, the  use  of  them  is  an  economic  necessity  in  some  of  the 
countries  mentioned  above. 

Ultimately,  the  ability  of  the  United  States  manufacturer 
to  market  automotive  equipment  in  the  countries  must  de- 
pend upon  his  producing  such  equipment  adapted  to  the  use 
of  alcohol  fuel.  The  special  problems  involved  in  the  use  of 
alcohol  are  many  and  can  only  be  suggested  here,  with  the 
hope  that  some  of  them  at  least  will  be  the  subject  of  system- 


Research  Topics  and  Suggestions 

The  Research  Department  plaris  to  present 
under  this  heading  each  month,  a  topic  that  is 
pertinent  to  the  general  field  of  automotive  re- 
search, and  is  either  of  special  interest  to  some 
group  of  the  Society  membership  or  related  to 
some  particularly  urgent  problem  of  the  indus- 
try. Since  the  object  of  the  department  is  to  act 
as  a  clearing-house  for  research  information,  we 
shall  be  pleased  to  receive  the  comments  of  mem- 
bers regarding  the  topics  so  presented,  and  their 
suggestions  as  to  what  might  be  of  interest  in 
this  connection. 


'See  Tin-  Journal,  November,  1921,  p.  313. 


atic  research  and  develop- 
ment by  some  of  our  labora- 
tories. 

The  main  questions  to  be 
considered  in  the  utilization 
of  any  new  fuel  in  automotive 
engines  of  present  types  may 
be   stated  briefly  as  follows: 

(1)  Metering  of  the 
charge 

(2)  Distribution  to  and 
in  the  cylinder 

(3)  Combustion  char- 
acteristics within 
the  cylinder 

(4)  Performance  o  f 
the  engine  as  re- 
gards power,  flexi- 
bility, and  economy 

(5)  Incidental  or  sec- 
ondary effects  of 
the  fuel  on  the  en- 
gine and  accesso- 
ries 

In  all  these  respects  alcohol  differs  so  radically  from  gaso- 
line that  a  comprehensive  research  program  must  include 
consideration  of  all  of  them. 

Metering  of  alcohol,  if  done  in  a  conventional  type  of  car- 
bureter, will  involve  differences  only  in  the  size  of  orifice  or 
the  metering  head  necessary  for  the  correct  air-fuel  ratio. 
Alcohol  in  general  requires  a  larger  orifice  because  of  both 
its  viscosity  and  the  larger  volume  used  per  cubic  foot  of  air. 
Distribution  of  the  charge  with  alcohol  as  fuel  should  pre- 
sent no  serious  difficulties,  provided  the  same  degree  of 
evaporation  is  maintained  as  with  gasoline.  Since  the  boil- 
ing-point of  alcohol  is  lower  and  the  heat  of  vaporization 
much  higher,  the  amount  of  heat  required  in  the  manifold  is 
a  matter  requiring  experiment.  Some  recent  results  show 
that  more  heat  is  required  for  burning  alcohol.  The  tem- 
perature and  the  amount  of  heat  required  to  produce  a  suit- 
able alcohol-air  mixture  calls  for  investigation. 

The  combustion  characteristics  of  alcohol  differ  radically 
from  those  of  gasoline.  One  of  the  main  differences  is  that 
starting  is  more  difficult  with  alcohol  than  gasoline.  Some 
of  the  reasons  have  been  pointed  out  by  R.  E.  Wilson  and 
Daniel  P.  Barnard.1  The  starting  requirements  of  alcohol 
must  be  investigated. 

Fuel  knock  with  alcohol  will  not  occur  except  at  very  high 
compression-pressures.  This  means  that  the  compression- 
pressure  for  alcohol  can  and  should  be  much  higher  than  for 
gasoline.  Pressure  all  the  way  from  110  to  180  lb.  have  been 
recommended.  How  much  higher  this  should  be  for  best  re- 
sults is  a  subject  for  research  and  trial. 

The  range  of  combustibility  is  much  different  from  that 
of  gasoline.  This  is  a  relation  that  has  a  very  important 
bearing  on  possible  fuel-economy.  The  necessity  of  using 
throttle  control  instead  of  controlling  the  fuel  supply  alone 
as  in  the  Diesel  engine  means  low  efficiency  at  part  throttle. 
Alcohol  is  said  to  ignite  at  much  lower  mixture-ratios,  so 
that  it  may  be  possible  to  adopt  a  method  of  control  by  vary- 
ing the  fuel  supply  alone.  This  would  increase  greatly  the 
economy  at  part  load,  and  might  offset  the  inherent  high 
consumption  of  alcohol  per  horsepower.  This  subject  par- 
ticularly requires  laboratory  research  to  determine  the  limits 
of  combustibility  over  the  full  range  of  pressure  and  tem- 
perature, as  well  as  to  show  the  possibility  of  controlling 
power  with  alcohol  by  varying  the  fuel  ratio. 

The  alcohol  mixture-ratios  that  will  afford  maximum  power 
and  economy  differ  from  those  for  gasoline.  Unfortunately 
we  have  only  very  meager  data  even  on  the  latter.  Alcohol 
mixtures  give  maximum  power  when  excessively  rich;  more 
so  than  gasoline.     The  mixtures  for  maximum  economy  have 
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not  been  well  determined;  more  knowledge  here  is  necessary 
for  the  best  development  of  alcohol  engines. 

Carboni  ation  with  alcohol  is  said  to  be  very  small  in- 
deed. Is  this  a  fact?  The  amount  iion  that  has 
been  devoted  to  the  subject  of  carbonization  duo  to  lubri- 
cating oils  would  lead  one  to  suppose  that  I  ho  fuel  lias  not 
much  to  do  with  the  matter;  yet  carbonization  was  not 
troublesome  until  motor  gasoline  acquired  an  end-point  of 
about  :.7o  deg.  fahr.  rhere  is  room  for  some  real  study  of 
the  problem  of  carbonization  with  alcohol  fuel. 

Ignition   temperatures  of  alcohol  ail   mixtures   b 
studied   bj    Professor   Dixon,  of   Manchester   Universitj 
well  as  other  investigators.    This  is  a  phase  of  the  range  of 
combustibility    previously    mentioned.      The    subject    is    one, 
however,  that  could  be  taken  up  further  to  good  advantage 
by    some    university    laboratory.      The    results    should    bi 
value,  as  should  the  research  training  afforded  research 
iits  working  on  such  a  problem. 

The  rate  of  combustion  in  alcohol  mixtures  is  said  to  be 
much  slower  than  in  gasoline  mixtures.  This  has  an  impor 
tant  bearing  on  the  design  of  alcohol  engines.  The  evidence 
<m  this  point  is  conflicting;  moreover,  the  direct  experi- 
mental results  on  ratio  of  flame  speed  under  conditions  com- 
parable to  those  in  an  engine  are  few.  It  would  be  very 
much  worthwhile  for  some  laboratory  interested  in  the  sub- 
ject of  flame  velocity  to  include  alcohol  mixtures  in  its  study. 

The  general  performance  characteristics  of  engines  using 
alcohol  fuel  have  been  studied  to  some  extent,  but  mainly  at 
full  load.  Cylinder-head  design  and  spark-plug  location  are 
probably  important.  More  power  can  be  obtained  sometimes 
from  the  same  cylinder  with  alcohol  than  with  gasoline,  at 
the  same  compression,  and  a  still  greater  excess  at  the  higher 
compression-ratios  permissible  with  alcohol.  Part-load  per- 
formance should  be  studied  as  regards  thermal  efficiencies 
and  mixture  requirements  as  well  as  general  performance 
characteristics. 

The  incidental  effects  of  alcohol  on  the  engine  involve  one 
feature  that  is  particularly  important.  This  is  corrosion  of 
tanks,  pipes  and  fittings.  The  metals  now  used  for  tanks, 
such  as  galvanized  iron  and  tinner  iron,  are  not  suitable  for 
use  with  alcohol  and  its  continued  use  in  these  tanks  will 
usually  cause  trouble.  Some  metals,  such  as  aluminum  and 
monel,  are  not  seriously  affected  and  could  probably  be  used 
with  entire  success.  Brass  used  in  carbureters  and  fittings 
is  not  very  seriously  affected.  There  is  also  some  possi- 
bility of  corrosion  in  cylinders  and  mufflers,  but  the  data  on 


this  are  conflicting.  The  purity  of  the  alcohol  or  its  free- 
dom  from  certain  impurities  probably  determines  the  amount 
of  corrosion.  This  whole  <|iiestion  of  corrosion  is  in  need  of 
very  careful  research,  as  it  is  perhaps  the  most  important 
single  hindrance  to  success  iti  the  use  of  alcohol  fuel. 

Complete  answers  to  the  above-stated  questions  should 
permit,  the  design  of  engines  that  would  use  alcohol  fuel 
with  the  same  degree  of  satisfaction  as  is  now  had  with 
gasoline.  The  foregoing  discussion  has  applied  to  alcohol 
.  but  it  would  apply  to  blends  of  alcohol  with  other 
hydrocarbons.  In  fact,  such  blends  have  some  decided  ad- 
vantages over  either  fuel  alone.  An  ideal  engine  should  be 
capable  of  using  either  gasoline  or  alcohol  or  any  combina- 
tion of  them,  and  of  realizing  the  inherent  advantages  of 
each  with  a  minimum  of  modification  necessary  in  changing 
from  one  fuel  to  another.  Such  engines  should  be  very  pop- 
ular in  countries  where  alcohol  is  cheap  and  gasoline  dear. 
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THE  WASHINGTON  CONFERENCE 


THE  jeopardy  of  war  has  been  most  assuredly  driven  be- 
yond our  generation.  Naval  rivalry  with  England  has 
been  stopped,  with  all  the  implications  which  must  follow 
from  that  rivalry.  The  Anglo-Japanese  Alliance  has  been 
abandoned.  The  points  of  friction  between  ourselves  and 
Japan  have  been  settled.  The  major  difficulties  between 
Japan  and  China  have  been  adjusted  so  that  good  will  may 
replace  hate  in  the  Far  East.  The  tide  of  foreign  aggres- 
sion on  the  frontiers  of  China  has  been  turned  back.  The 
"open  door"  of  commerce  and  industry  of  all  nations  in 
China  has  at  last  been  made  effective.  With  all  these  solu- 
tions, a  vast  growth  of  malign  political  forces  has  been  up- 
rooted, which,  if  unchecked,  would  have  driven  unalterably 
to  war. 

With  half  of  Europe  armed  on  a  basis  that,  in  equal  ratio, 
would  mean  a  standing  army  of  1,500,000  men  in  the  United 
States,  with  twice  this  number  of  reserves,  there  is  little 
hope  of  economic  progress.  The  economic  loss  in  the  decrease 
of  national  production  and  in  the  effect  such  decrease  has 
"n  national  finance  is  one  of  the  great  difficulties  of  Europe. 
Yet  there  is  a  greater  loss  than  all  this,  for  economic  life 
can  thrive  only  in  an  atmosphere  of  peace. 

The  first  effort  of  the  world  should  be  to  reestablish  its 
sadly  lowered  standards  of  living,  recover  employment  for 
it<  workers,   recover   income  to  its   farmers  and  reestablish 


the  prosperity  of  its  manufacturers  and  merchants.  The 
world  is  now,  and  will  be  for  many  years,  short  of  capital 
with  which  to  carry  on  the  development  of  industry  and 
commerce.  America  is  today  the  remaining  great  reservoir 
of  surplus  capital,  and  we  must  remain  strong  and  conserve 
the  rightful  use  of  this  capital  if  the  world  is  to  recover. 
We  shall  need  much  of  it  for  the  upbuilding  of  our  homes 
and  our  public  utilities,  stagnated  today  through  inequalities 
in  readjustment  between  industries.  But  our  surplus  even 
then  is  greater  than  our  needs,  and  it  would  be  a  disaster 
if  it  were  dissipated  in  wasteful  expenditures  abroad. 

All  loans  to  foreign  nations  that  are  not  employed  in  repro- 
ductive work  are  a  destruction  of  the  capital.  It  is  vital 
that  our  bankers  and  our  investors  should  scrutinize  the 
loans  to  which  they  are  asked  to  subscribe,  that  they  may 
make  sure  that  they  are  to  be  employed  for  reproductive 
purposes  or  the  refunding  of  outstanding  obligations.  The 
furnishing  of  raw  materials,  the  construction  of  transpor- 
tation facilities,  public  utilities  and  factories  and  work 
throughout  the  world,  is  a  use  for  Americajn  capital  that 
blesses  both  the  borrower  and  the  lender.  The  upbuilding 
of  the  rest  of  the  world  and  its  consuming  power  adds  pri- 
marily to  world  wellbeing,  but  it  also  adds  to  the  demands 
for  our  own  labor,  for  the  products  of  our  own  farmers  and 
the  services  of  our  own  merchants. — Herbert  Hoover. 
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THE  California  top  is  the  result  of  a  demand  for  a 
convertible  enclosure  that  combines  the  desirable 
features  of  the  open  top  with  the  protection  needed 
at  night  or  in  bad  weather.  The  history  of  its  devel- 
opment is  outlined  and  shows  the  evolution  of  a  top 
that  can  be  stowed  or  removed  quickly  and  that  has 
a  permanent  roof  and  glass  windows.  The  present 
California  top  and  its  construction  is  then  described 
and  illustrated. 

THE  California  top  represents  the  present-day  cul- 
mination of  a  concerted  effort  on  the  part  of  body 
engineers  in  this  Country  to  produce  a  really  sat- 
isfactory type  of  convertible  enclosure.  This  particular 
style  took  its  name  from  the  Pacific  State  since  the  de- 
velopment of  a  readily  convertible  open  car  was  particu- 
larly demanded  in  California  because  of  weather  condi- 


Fig.  1 — Application  of  the  California  Top  to  a  Tourino  Car 

tions  peculiar  to  that  region.  The  days  are  generally 
very  warm  there  and  demand  the  protection  of  an  open 
top  with  ventilation  unhampered  by  windows.  The  even- 
ings, on  the  other  hand,  are  accompanied  by  heavy  dews 
and  a  relatively  large  drop  in  the  temperature  which 
makes  one  uncomfortable  in  an  open  car.  The  car-owners 
seldom  wished  to  lower  their  tops,  disliked  the  saggy  ap- 
pearance of  the  folding  style  and  demanded  something 
more  pleasing  to  the  eye.  The  body-builders  and  de- 
signers recognized  this  demand  for  a  more  durable  and 
satisfactory  type  of  curtain  and  top  than  the  custom- 
ary folding  type  with  celluloid  lights,  and  began  the  de- 
velopment of  what  has  come  to  be  known  as  the  Cali- 
fornia top.  An  example  of  the  present  type  of  top 
applied  to  a  touring  car  is  illustrated  in  Fig.  1. 

Development  History 

The  first  step,  taken  6  or  7  years  ago,  was  to  construct 
a  solid  frame  of  wood  and  cover  it  with  artificial  leather, 
using  glass  lights  in  the  sides  and  rear  instead  of  the 
customary  celluloid.    This  top  did  not  represent  any  great 


1  M.S.A.E.— Body  engineer,  H.  H.  Babcock  Co.,  Watertown,  N.  T. 


improvement  over  the  one-man  top.  It  was  more  rigid, 
to  be  sure,  but  the  bothersome  flapping  storm-curtains 
were  retained  and  were  attached  loosely  by  fasteners  or 
buttons.  Nevertheless,  these  tops  sold  well.  They  were 
something  different  and,  since  most  of  them  were  custom- 
built,  each  particular  owner  had  an  opportunity  to  ex- 
press his  own  fastidious  tastes  in  form  or  color.  The 
natural  result  of  this  self-expression  was  a  conglomera- 
tion of  designs  and  clashing  color  contrasts.  The  bevel- 
edged  plate-glass  windows  in  the  back  and  rear-quarter 
curtains  were  fantastic  in  shape  and  represented  any- 
thing from  a  half-moon  to  a  diamond  or  oval. 

A  few  years  later  a  top  appeared  that  represented  the 
next  stage  in  the  creation  of  the  present-day  California 
top.  Its  outline,  shape  and  trimming  closely  resembled 
the  type  just  described,  but  the  curtains  slipped  or  rolled 
up  into  the  space  between  the  top  deck  and  the  head- 
lining. They  were  concealed  in  this  way  when  not  in 
use  and  made  a  fairly  weather-tight  enclosuse  when 
pulled  down.  There  were  several  serious  faults  in  this 
design,  however.  The  curtains  carried  moisture  into  the 
top  when  rolled  up  after  a  rain-storm,  causing  the  head- 
lining to  become  moldy  and  to  rot.  The  celluloid  lights 
were  dried  out  due  to  the  heat  in  the  top;  they  crystal- 
lized, became  brittle  and  were  soon  fogged  so  that  vision 
through  them  was  impossible.  Although  this  type  proved 
to  be  popular  for  a  time,  the  body  engineers  soon  recog- 
nized it  as  a  mere  stepping-stone  to  the  construction  of 
something  possessing  the  same  utility  but  of  greater 
durability. 

A  body-builder  named  Gould  exhibited  a  closer  ap- 
proach to  the  ideal  convertible  top  at  the  San  Francisco 
Automobile  Show  in  1919.  It  was  meant  to  fulfill  the 
Californian  demand  for  a  top  with  permanent  roof  and 
glass  windows  that  could  be  stowed  or  removed  quickly. 
In  this  design  the  windows  slid  back  into  a  pocket  formed 
in  the  rear-quarter  window,  and  were  concealed  in  this 
way  when  out  of  use.  Fig.  2  shows  the  features  of  this 
design,  but  with  the  details  somewhat  improved  over  the 
original  top  built  and  displayed  by  Mr.  Gould. 

Present  Practice 

This  top  can  be  built  on  any  touring  car  or  phaeton 
open  body.  A  set  of  sills  is  first  screwed  securely  to  the 
body  top-rail  and,  from  this  foundation,  a  slatted  roof 
construction  is  built  up  over  cross-bows,  the  slats  being 
1%  in.  in  width  and  running  lengthwise  of  the  roof.  In 
the  roof  there  are  two  U-channels  with  a  drop  as  shown 
in  Fig.  2.  Each  glass  frame  has  a  lock  fastened  to  the 
top  of  the  frame,  which  slides  in  a  U-channel  and,  as  each 
frame  is  suspended  in  the  U-channel,  they  are  pushed 
forward  until  they  drop  in  the  U-channel  depression.  The 
glass  frame  then  drops  into  its  position  and  becomes 
rigid.  There  is  a  separator  on  the  sill  that  holds  the 
frames  apart.  The  space  between  the  glass  frames  has 
two  rubber  strips  to  keep  out  the  weather.  Each  glass 
frame  can  be  pulled  forward,  or  to  the  rear  quarters,  by 
attached  handles.  When  the  glass  frames  are  in  the  rear 
quarter,  they  are  held  by  a  spring  that  presses   down 
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Fig.   2 — Details  of  the  Construction  of  the  California  Top 


from  the  top  and  prevents  any  rattle.  The  top  is  cov- 
ered with  the  usual  artificial  leather  or  top  material  of 
the  color  desired  and  the  inside  is  trimmed  with  cloth 
or  slip-lining  material  in  a  manner  similar  to  that  used 
for  closed-car  roofs.  The  window  frames  are  covered  in 
the  same  way.  Plate  glass  having  beveled  edges  is  used 
in  the  glass  frames.  When  space  permits,  a  glass-frame 
wind-deflector  is  hinged  to  the  windshield  which  can  be 
opened  or  closed  by  a  quadrant  and  screw.  A  dome  light 
equipped  with  a  switch  is  installed  in  the  roof.  This 
type  of  California  top  is  a  distinct  innovation  in  that 
a  summer  and  winter  top  combined.  It  could  be 
developed  on  a  production  basis  and  reduced  in  price  to 
fit  in  and  sell  between  the  sedan  and  the  touring-car 
types. 

THE  DISCUSSION 

W.  C.  Karns: — What  provision  is  made  on  the  bottom 
of  the  frames  to  keep  the  rain  from  blowing  in ? 

P.  \V.  Steinbeck  : — There  are  two  pieces  of  rubber 
fastened  to  the  glass  frames,  that  close  the  opening  be- 
tween the  frames;  on  the  bottom  or  sill  there  is  a 
weather-strip  on  the  inside  of  the  frame  that  makes  a 
water-tight  job. 

Mr.  Karns: — Do  those  glass  sides  open  with  the  door 
or  must  one  slide  the  glass? 

Mr.  Steinbeck  : — One  must  slide  the  glass.  If  one 
is  inside  the  car,  the  first  movement  in  getting  out  of 
the  door  would  be  to  push  the  glass  back. 

Mr.  Karns: — I  should  think  that  would  be  objection- 
able. 

Mr.  Steinbeck: — With  a  front  and  rear  door  and  a 
space  between  them,  as  shown  in  Fig.  2  of  my  paper, 
only  two  windows  are  required  to  fill  that  space.  There- 
fore, the  windows  must  overlap  the  space  between  the 
two  doors.  Hence,  the  windows  cannot  be  of  the  same 
size  as  the  opening  of  the  doors.  It  is  a  very  easy  mat- 
ter to  pull  the  glass  frame  back  and  get  out.  It  moves 
in  either  direction.  In  driving,  there  are  times  when 
there  is  a  strong  wind  blowing  from  one  side.  The  driver 
is  protected  by  the  windshield  and  the  deflector,  but  the 
occupants  in  the  rear  seat  get  the  whole  force  of  it.  Even 
on  a  nice  day  with  the  wind  blowing  hard,  they  are  un- 


comfortable; if  one  window  frame  is  slid  into  position,  it 
will  protect  the  rear  passengers. 

Mr.  Karns: — -I  think  that  is  an  objectionable  feature. 

Mr.  Steinbeck: — It  is  not  so  objectionable  as  trying 
to  unbutton  or  undo  a  fastener  when  it  sticks,  perhaps 
pulling  the  whole  fastener  off.  Compared  to  entering  a 
car  with  curtained  sides,  when  the  curtains  are  but- 
toned clown  tight,  and  especially  after  they  have  shrunk, 
I  think  the  improvement  would  be  appreciated. 

G.  W.  Kerr: — How  does  the  glass  on  the  front  door 
open? 

Mr.  Steinbeck: — It  slides  on  a  channel.  One  glass 
hangs  on  one  channel  and  the  other  glass  on  another  chan- 
nel.   They  slide  past  each  other.     The  handles  are  flush. 

Mr.  Kerr: — How  is  the  car  ventilated? 

Mr.  Steinbeck: — Through  the  wind  deflector  and  by 
opening  the  windows. 

Chairman  E.  G.  Budd: — Is  the  rail  that  is  used  fixed 
independently  into  each  door? 

Mr.  Steinbeck: — Yes,  but  it  is  screwed  solid  to  the 
body  to  get  a  straight  sliding  space.  We  take  an  or- 
dinary phaeton.  We  must  have  a  certain  space  for  the 
windows  to  slide  in  a  straight  line.  If  one  started  to 
design  a  body,  it  could  be  arranged  to  have  the  line 
straight  and  do  away  with  the  rail.  When  the  glass 
frames  are  in  the  rear  quarter  position  one  cannot  see 
the  individual  windows  because  the  glass  appears  to  be 
one  window;  this  is,  when  all  glass  frames  are  pushed 
back,  making  an  open  car.  There  are  other  ways  of  ac- 
complishing this,  such  as  sliding  on  rods.  I  saw  a  de- 
sign at  the  automobile  show,  by  a  Mr.  Leach.  He  has 
only  a  one-quarter  sliding  glass  frame  and  cannot  go  to 
the  other  quarter  because  he  uses  a  curtain  on  a  roller, 
fastened  above  the  door.  It  is  as  tight  as  a  sedan  and  he 
claims  that  it  does  not  rattle. 

Mr.  Kerr: — What  is  the  approximate  cost? 

Mr.  Steinbeck:  —  Individually,  about  $650,  starting 
from  the  beginning.  For  instance,  if  one  had  an  order 
for  200  or  300  touring  cars  to  be  built  from  the  begin- 
ning, the  tops  probably  could  be  manufactured  for  about 
$250,  or  less.  On  a  single  order  one  would  find  that  all 
phaetons  are  not  alike.  Some  have  sides  longer  than 
others  and  some  have  more  bevel;  that  is,  one  cannot  fit 
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this  top  to  one  body,  take  it  off  and  fit  it  to  any  other 
body.  It  must  be  made  right  and  fitted  to  whatever  body 
is  under  consideration.  Each  top  must  be  laid  out  spe- 
cially and  be  custom-built. 

R.  A.  La  Barre: — What  advantage  is  claimed  for  a 
top  of  this  kind  over  a  regular  sedan  if  it  is  built  from 
the  beginning? 

Mr.  Steinbeck: — One  has  a  regular  phaeton  with  un- 
obstructed view,  and  also  a  closed  car,  which  meets  the 


climatic  changes  of  California  and  other  places  where 
it  is  warm  during  the  day  and  chilly  at  night. 

Mr.  La  Barre: — It  seems  to  me  that  construction  of 
that  kind,  building  from  the  body  up,  would  be  as  expen- 
sive as  a  sedan  body. 

Mr.  Steinbeck: — No,  not  quite,  as  less  and  cheaper 
material  is  used.  These  tops  are  generally  lined  with 
slip-lining  material,  the  labor  cost  is  less  and  they  can 
be  manufactured  in  quantity  for  less  than  the  sedan. 


PHOTOGRAPHIC  RECORDING  OF  ENGINE  DATA 

(Concluded  from  page   356) 


more  important  than  sensitivity.  It  is  easier  to  limit 
oneself  to  periodic  vibrations  heavily  damped  and  to 
obtain  extra  sensitivity  from  some  other  source.  One 
can  get  all  the  sensitivity  one  desires;  the  main  thing  is 
to  watch  the  damping  effect. 

Dr.  Richard  H.  Cunningham  : — Will  Professor  Trow- 
bridge explain  the  air  damping  that  apparently  is  used 
in  this  instrument? 

Professor  Trowbridge: — It  is  electro-magnetic.  The 
air  damping  can  be  disregarded  in  this  instance,  as  it  is 
very  small. 

Doctor  Cunningham  : — I  have  been  using  the  string 
galvanometer  for  many  years  in  the  investigation  of  vari- 
ous phenomena.  I  have  used  many  of  these  short  metallic 
strings,  but  have  found  that  it  is  utterly  impossible  to 
use  them  where  one  must  depend  upon  air  damping.  I 
was  unable  to  get  proper  damping  except  by  using  short- 
period  quartz  fibers.  Since  about  1905  I  have  thought 
that  we  could  use  this  apparatus  in  various  forms  to  great 
advantage  for  the  investigation  of  many  of  the  phe- 
nomena occurring  in  the  automotive  industry. 

Another  instrument  particularly  applicable  to  electrical 
or  ignition  problems  is  the  string  electrometer.  It  can 
be  made  rather  sensitive  for  very  high  periodic  vibrations 
and  will  indicate  faithfully  many  of  the  variations  in 
vibration  that  we  encounter.  I  first  tried  to  use  metallic 
strings  in  that  apparatus,  but  really  was  unable  to  ac- 
complish anything  until  I  used  very  small  quartz  fibers, 
1.0  to  1.5  microms  (0.00003937  to  0.00005905  in.)  in 
diameter,  which  possess  practically  no  weight  at  all.  In 
fact,  they  behave  very  peculiarly.     If  one  is  held  by  the 


fingers  and  released  it  usually  goes  up  in  the  air  instead 
of  to  the  ground,  just  contrary  to  what  one  would  expect. 
One  of  the  points  not  brought  out  by  Professor  Trow- 
bridge relates  to  the  control  curves  obtained  with  these 
metallic  strings  and  the  use  of  proper  resistance  to  get 
a  definite  electro-magnetic  damping.  What  is  the  re- 
sistance of  the  circuit? 

Professor  Trowbridge  : — It  is  utterly  out  of  the  ques- 
tion to  use  quartz-fiber  strings  and  that  sort  of  thing  for 
a  practical  working  instrument.  The  history  of  this  par- 
ticular instrument  is  that,  for  Army  use,  I  had  to  have 
something  absolutely  and  completely  foolproof  and  would 
work  24  hr.  per  day  in  the  hands  of  men  in  dugouts  and 
the  ruined  houses  in  France.  At  that  time  I  did  not 
need  a  highly  damped  and  well-behaved  instrument;  since 
then  I  have  taken  up  this  question  of  damping  and  now 
the  instrument  is  perfectly  damped.  It  can  be  damped  by 
shortening  the  string  so  that,  if  it  moves,  heavy  currents 
will  flow  in  the  string ;  that  is,  it  acts  like  a  dynamo  and, 
when  buzzing,  it  drives  the  current  around  and  therefore 
checks  itself.  One  must  use  a  low  external  resistance 
and  adjust  it  until  the  system  is  practically  periodic. 
Fortunately  it  has  so  much  sensitivity  for  purposes  of 
this  sort  that  one  can  afford  to  throw  away  90  per  cent 
of  the  sensitivity  to  secure  the  complete  impartiality  of 
its  motion;  that  is,  it  has  no  properties  of  its  own  what- 
soever, not  the  slightest.  Whatever  is  recorded  is  due 
to  something  that  has  been  impressed  upon  it.  I  have  a 
record  of  an  oscillating  circuit  obtained  by  breaking  an 
inductive  circuit,  and  its  form  is  exactly  what  the  theory 
demands. 


THE  COTTON  INDUSTRY 


FROM  1870  to  1910  the  general  trend  of  world  cotton 
production  and  consumption  was  very  steady,  manifest- 
ing a  tendency  to  increase  progressively.  During  this  period 
the  per  capita  consumption  of  cotton  the  world  over  increased 
about  three  and  one-half  times.  During  the  decade  begin- 
ning with  1910  fluctuations  of  the  most  violent  sort  became 
common.  During  the  past  10  years  variations  of  from 
2,000,000  to  4,000,000  bales  occurred  on  five  different  occa- 
sions. 

On  the  basis  of  the  world's  consumption  of  cotton  in  the 
past,  it  would  seem  fairly  reasonable  to  assume  that  con- 
sumption for  the  next  few  years  should  be  in  the  neighbor- 
hood of  19,000,000  bales.  With  the  exceptionally  large  stocks 
eliminated  and  the  prospect  of  a  fairly  steady  demand,  there 
apparently  exists  no  fundamental  factor  that  should  bring 
about  any  violent  fluctuation  in  the  price  of  cotton  in  the 
mar  future  other  than  those  resulting  from  crop  conditions. 
The  world's  population  has  undergone  no  material  change 
in  recent  years,  and  new  uses  for  cotton  are  continually 
being   found.     It  should  be   fairly  safe  to   predict   that   as 


conditions  the  world  over  improve  economically  and  politi- 
cally the  dominant  influence  affecting  cotton  should  be  that 
of  a  steady  increase  in  the  demand  for  the  staple  both  at 
home  and  abroad. 

Exports  from  the  United  States  should  be  considered  from 
the  standpoint  of  both  volume  and  value,  although  it  is 
found  that  there  is  a  practically  fixed  proportion  of  the  coun- 
try's crop  exported  over  five-year  periods.  This  proportion 
is  placed  at  66  per  cent  of  the  crops. 

It  would  seem  that  cotton  is  in  a  stronger  position  funda- 
mentally than  it  has  been  in  some  time,  and  that  as  a  con- 
sequence its  price  should  be  fairly  stable  in  the  near  future. 
The  above  conclusion  is  based  upon  the  assumption  that 
there  will  be  no  material  change  one  way  or  the  other  in 
the  production  of  cotton  from  the  volume  and  tendency  that 
were  manifest  in  prewar  years.  Any  arbitrary  change  in 
the  acreage  planted  would,  of  course,  be  a  factor  that  would 
have  to  be  given  due  consideration. — W.  F.  Gephart,  vice- 
president  and  director  of  industrial  service  department, 
First  National  Bank  in  St.  Louis. 
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THE  discussion  of  the  papers  presented  at  the  re- 
cent Annual  Meeting  of  the  Society  included 
written  contributions  submitted  by  members  who 
were  unable  to  be  present  and  the  remarks  made  at  the 
meeting.  In  every  case  an  effort  has  been  made  to  have 
the  authors  of  the  several  papers  reply  to  the  discussion, 
both  oral  and  written,  and  these  comments,  where  re- 
ceived, are  included  in  the  discussions.  For  the  con- 
venience of'  the  members,  a  brief  abstract  of  each  paper 
precedes  the  discussion,  with  a  reference  to  the  issue  of 
The  Journal  in  which  the  paper  appeared,  so  that  mem- 
bers who  desire  to  refer  to  the  complete  text  as  origin- 
ally printed  and  the  illustrations  that  appeared  in  con- 


Papers   at   the 
Meeting 

nection  therewith  can  do  so  with  a  minimum  amount  of 
effort. 

In  addition  to  discussion  given  below  the  discussion  of 
Economics  of  Motor  Transport,  by  M.  C.  Horine;  Recent 
Research  Work  on  Internal-Combustion  Engines,  by 
Harry  R.  Ricardo;  The  California  Top,  by  P.  W.  Stein- 
beck; and  Photographic  Recording  of  Engine  Data,  by 
Prof.  Augustus  Trowbridge,  is  printed  elsewhere  in  this 
issue  of  The  Journal,  following  the  individual  papers, 
The  discussion  following  the  presentation  of  the  paper  by 
Prof.  R.  E.  Wilson  and  D.  P.  Barnard,  4th,  entitled  the 
Mechanism  of  Lubrication,  will,  it  is  expected,  appear  in 
an  early  issue  of  The  Journal,  together  with  the  paper. 


VISCOSITY  AND  FRICTION 


BY   WINSLOW   H.   HERSCHEL 


THE  author  divides  the  study  of  lubrication  into 
different  regimes  in  which  different  properties  of 
the  lubricant  have  the  controlling  influence  and  dis- 
cusses at  length  viscosity  effect  in  the  complete-film- 
lubrication  regime,  including  comment  on  the  proper- 
ties of  lubricants,  units  for  viscosity  measurement,  ab- 
solute viscosity  relation  to  the  readings  of  instruments 
ordinarily  used  and  mathematical  analysis,  with  ref- 
erence to  data  that  are  presented  in  tabular  and  chart 
form. 

Viscosity  estimation  at  one  temperature  from  the 
observed  viscosity  at  another  temperature  is  then 
treated  in  a  somewhat  similar  manner,  inclusive  of  dis- 
cussion bearing  on  complete  film  lubrication,  as  are 
the  subjects  of  journal  friction  and  viscosity  in  which 
the  mathematical  analysis  is  continued,  and  friction 
tests  are  described  briefly,  copious  specific  references 
being  given. 

Consideration  is  given  to  the  transition  point,  the  re- 
lation between  the  different  factors  at  the  transition 
point  and  incomplete  film  lubrication  and  the  oiliness 
of  lubricating  oils,  the  last  including  a  description  of 
Bureau  of  Standards  tests. 

A  lengthy  discussion  of  the  differences  in  oiliness  of 
different  lubricants  shown  by  laboratory  and  service 
tests  follows,  many  references  to  tests  and  testing  ma- 
chines being  cited  and  quotations  made  from  reports. 

Ten  specific  desirable  features  of  oil-friction  testing- 
machines  are  enumerated  and  commented  upon  in  the 
light  of  previous  experiences  that  are  cited,  and  nine 
specific  conclusions  regarding  viscosity  and  friction  are 
stated. — f Printed  in  the  January,  1922,  issue  of  The 
Journal.] 

THE  DISCUSSION 

H.  S.  McDewell: — In  connection  with  the  maximum 
temperature  at  which  the  viscosity  is  desirable  and  in 
regard  to  some  of  my  own  work,  I  had  occasion  to  deter- 
mine approximately  the  temperature  of  the  oil-film  exist- 
ing in  an  Hispano-Suiza  Model-I  aeronautical  engine. 
The  cylinder  construction  of  that  engine  is  such  that  the 
heat  is  transmitted  through  two  metals,  a  steel  cylinder 
and  the  aluminum  body  into  which  the  steel  liner  is 
screwed.  No  matter  how  carefully  the  machine  work 
may  be  done,  there  is  an  infinitesimal  gap  between  the 


two  metals.  Consequently,  the  temperature  existing  in- 
side the  cylinder,  for  a  given  cooling-medium  or  jacket- 
water  temperature,  is  greater  than  in  an  engine  in  which 
the  construction  is  such  that  the  heat  must  be  trans- 
mitted through  only  one  metal.  In  the  comparative  test 
of  two  oils  of  the  same  base  but  of  material  difference 
in  viscosity,  the  oil  consumptions  were  compared  by  a 
cut-and-try  process  on  the  basis  of  the  viscosity  existing 
at  an  assumed  oil-film  temperature.  On  that  basis  it 
was  found  that  the  oil  consumptions  were  exactly  pro- 
portional to  the  respective  fluidities  at  210  deg.  fahr., 
which  are  the  inverse  of  the  viscosities,  thus  giving  a 
probable  temperature  of  oil-film  in  the  neighborhood  of 
210  deg.  fahr.  for  a  Model-I  Hispano-Suiza  engine.  In 
an  engine  of  conventional  cylinder  construction  using 
only  one  metal  the  oil-film  temperature  is  probably  below 
this  figure;  consequently,  Dr.  Herschel's  remark  in  re- 
gard to  the  inadvisability  of  the  determination  at  350 
deg.  fahr.  is  substantiated.  The  reason  that  the  tem- 
perature mentioned  is  so  low  probably  is  that  in  heat 
transmission  there  is  always  a  dead-gas  film  between  the 
source  of  heat  and  the  metal.  In  this  film  the  tempera- 
ture drop  is  very  great.  The  dead-gas  film  in  this  case 
exists  outside  the  oil-film  and  consequently  serves  to  pro- 
tect it.  There  is  no  question  that,  if  the  oil-film  were 
subjected  to  the  temperatures  actually  existing  during 
combustion,  there  would  be  no  oil  left  on  the  cylinder 
walls.     It  would  certainly  be  burned  up. 

T.  E.  Coleman: — Is  there  a  connection  between  vis- 
cosity and  friction,  and  the  clearance  of  a  piston  or  a  bear- 
ing? That  might  come  in  with  reference  to  oiliness,  I 
imagine.  I  have  in  mind  particularly  a  car  guaranteed 
to  run  15,000  miles  without  oil-pumping.  The  salesmen 
inform  me  that  the  aluminum  piston  used  has  less  than 
0.002  in.  clearance  when  cold  and  that  means  of  compen- 
sating for  the  expansion  is  provided.  That  pis.ton  must 
expand  somewhat  and  I  think  there  must  be  some  con- 
nection between  the  kind  of  oil  used  and  the  thickness 
of  the  oil-film. 

Dr.  W.  H.  Herschel:  —  According  to  the  ordinary 
theory  or  definition  of  viscosity,  the  resistance  is  in- 
versely proportional  to  the  thickness  of  the  oil-film;  that 


369 


Vol.  X 


May,  1922 


No.  5 


370 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


is,  the  narrower  the  clearance,  the  greater  the  friction. 
Therefore,  by  reducing  the  clearance  to  a  very  small 
value,  one  would  increase  the  friction,  in  complete  film 
lubrication ;  but,  in  all  probability,  there  is  seldom  if  ever 
complete  film  lubrication  in  the  cylinders.  It  exists  gen- 
erally in  a  journal  bearing  in  which  forced-feed  lubrica- 
tion is  employed,  but  in  cylinder  lubrication,  in  which 
oiliness  rather  than  viscosity  is  the  predominant  factor, 
it  is  very  difficult  to  answer  the  question  accurately  be- 
cause there  is  a  condition  of  incomplete  film  lubrication 
in  the  cylinder.  We  are  subjected  to  laws  of  lubrication 
that  include  this  factor  of  oiliness,  which  is  rather  vague 
and  indefinite,  and  we  cannot  say  with  certainty  just 
what  the  effect  of  the  variation  of  clearance  would  be. 

Dr.  George  W.  Coggeshall: — What  is  Dr.  Herschel's 
opinion  as  to  what  constitutes  oiliness? 

Dr.  Herschel: — Possibly  to  a  chemist  this  paragraph 
from  a  review  of  a  paper  by  W.  B.  Hardy  will  throw 
some  light  on  the  subject.' 

The  relation  between  lubricating  power  and  chem- 
ical constitution  was  investigated  by  measuring  the 
force  required  to  move  a  slider  of  bismuth  over  a  sur- 
face of  the  metal.  The  static  friction  in  a  simple  chem- 
ical series,  such  as  the  fatty  acids,  the  alcohols  and  the 
paraffins,  decreases  with  the  molecular  weight  but  not 
in  a  simple  manner,  the  chemical  constitution  playing 
an  important  part.  At  the  point  in  the  series  where 
the  lubricant  becomes  a  solid  at  the  temperature  of 
observation,  there  is  no  break.  The  more  saturated 
cylic  compounds  are  better  lubricants  than  the  less 
saturated  cylic  compounds,  but  no  ring  compound  is  a 
good  lubricant.  As  lubricants  esters  are  inferior  to 
their  related  free  acids  and  alcohols,  but  to  this  rule 
the  ring  esters  are  exceptions.  The  hydroxy  acids 
have  remarkable  lubricating  power,  but  the  ring  com- 
pounds are  again  exceptional. 

Oiliness,  as  I  defined  it,  is  the  factor  or  factors  due  to 
chemical  composition  or  anything  else  that  will  cause  a 
difference  in  friction  when  two  lubricants  are  used  in  the 
same  machine  under  identical  circumstances.  For  exam- 
ple, with  a  cutting  oil  one  has  very  high  concentrated 
pressure  within  a  small  area.2  This  brings  out  the  effect 
of  oiliness.  Everyone  knows  that  a  lard  oil  is  a  good  cut- 
ting oil.  If  a  mineral  oil  of  the  same  viscosity  as  lard  oil 
is  used,  one  gets  a  comparison  of  the  effect  of  oiliness 
because,  both  being  of  the  same  viscosity,  the  effect  of 
viscosity  is  excluded,  although  I  will  admit  that  there  is 
a  slight  influence  from  the  change  of  viscosity  with  the 
temperature.  We  know  very  little  about  the  tempera- 
tures of  the  oil-film  in  cutting  metal.  We  have  tried 
cutting  off  discs  from  a  steel  bar  with  different  oils.  The 
tool  was  fed  mechanically  so  that  the  conditions  of  use 
were  constant.  With  one  oil  we  have  perfectly  smooth 
discs  that  look  as  if  they  had  been  polished ;  with  another 
oil  we  have  jagged  surfaces.  That  difference,  so  far  as 
I  can  make  out,  is  due  to  the  difference  in  oiliness. 

Dr.  Coggeshall: — Is  there  some  chemical  difference? 

Dr.  Herschel: — The  difference  is  perhaps  in  that  in- 
termediate region  in  which  it  is  difficult  to  determine 
whether  it  is  chemical  or  physical.  Probably  it  is  due 
to  what  is  called  adsorption  or  adhesion.  It  is  the  inter- 
facial  tension  between  the  metal  and  the  lubricant.  It  is 
the  force  with  which  the  lubricant  adheres. 

Dr.  Coggeshall  :  — Would  the  quality  of  the  metal 
have  an  effect? 

Dr.   Herschel  :— The  quality  of  the  metal  certainly 


'  See   Chemical  Abstracts,  vol.    15.  p.    3159  ;    for   original   see   Pro- 
gs of  the  Royal  Institute  of  Great  Britain,  Feb.  27.  1920. 
-  s._e  Bureau  of  Standards  Technologic  Paper  No.  204. 
»  See  Journal  of  the  Society  of  Chemical  Industry,  vol.  39,  p.  51T. 


does  have  an  effect.  There  is  an  enormous  difference  in 
friction  when  one  uses  the  same  lubricant  on  different 
metals.  In  other  words,  if  there  is  an  inter-action  be- 
tween a  lubricant  and  a  metal,  this  inter-action  will  be 
affected  both  by  the  quality  of  the  metal  and  by  the 
quality  of  the  lubricant;  it  is  this  inter-action  between 
the  two  that  makes  the  oil-film  adhere  to  the  metal  and 
determine  the  coefficient  of  friction. 

J.  W.  Stack: — Has  Dr.  Herschel  made  experiments 
in  a  comparative  way  between  the  mineral  and  the  fatty 
oils  as  to  surface  tension  or  liquid  to  solid  angle? 

Dr.  Herschel: — Surface  tension  is  best  explained  in 
the  work  of  Wells  arid  Southcombe."  They  find  that  sur- 
face tension  as  given  in  the  ordinary  tables  has  no  effect, 
because  the  surface  tension  of  all  oils  is  practically  the 
same;  but,  on  the  other  hand,  if  one  measures  what  is 
called  inter-facial  tension  by  the  size  of  a  drop  forming 
under  water,  a  method  developed  by  Donnan  but  used 
by  Wells  and  Southcombe,  one  will  find  great  differences 
between  oils.  It  is  this  inter-facial  tension,  and  not  sur- 
face tension,  correctly  speaking,  that  makes  the  differ- 
ence or  at  least  is  an  indication  of  the  difference  in  oili- 
ness. 

We  are  now  investigating  the  effect  of  variation  in 
the  organic  acidity  of  mineral  oils  due  to  causes  one  can- 
not explain  but  not  due  to  compounding  with  fatty  oils. 
We  are  trying  to  determine  the  effect  of  changes  in  this 
organic  acidity  due  to  petroleum  acids,  on  inter-facial 
tension  and,  hence,  upon  oiliness  and  the  coefficient  of 
friction. 

R.  W.  A.  Brewer: — The  author  refers  to  oil-films  "of 
the  order  of  0.000125  in."  It  seems  to  me  that  the  errors 
in  smoothness  of  surface  due  to  its  mechanical  forma- 
tion are  so  very  great  in  comparison  with  these  very 
small  dimensions  that  it  is  almost  futile  to  talk  commer- 
cially of  oil-films  of  that  thickness. 

Dr.  Herschel:  —  The  information  concerning  the 
thickness  of  oil-films  is  very  meager.  Very  little  work 
has  been  done  on  the  subject.  In  very  few  cases  has  the 
film  thickness  been  measured  and  yet,  as  the  film  thick- 
ness is  one  of  the  factors  that  comes  into  all  equations 
for  determining  the  turning  moment  or  coefficient  of 
friction  or  the  relation  between  viscosity  and  friction,  it 
cannot  be  neglected.  One  cannot  check  the  equation  for 
determining  the  relation  between  viscosity  and  the  co- 
efficient of  friction  unless  one  knows  the  film  thickness. 

Mr.  Brewer: — Do  not  those  film  thicknesses  come  into 
play  at  very  much  larger  dimensions  than  these  that  are 
given?  The  point  I  raise  is  that  the  film  dimensions  are 
so  very  minute.  They  are  much  smaller  than  one  meets 
in  the  ordinary  practice  of  lubrication. 

Dr.  Herschel: — Possibly  Mr.  Brewer  has  overlooked 
the  fact  that  the  thickness  of  oil-film  that  he  cited  was  in 
gear  lubrication,  and  that  in  journal  bearings  the  journal 
is  not  concentric  in  the  bearing  except  at  very  high 
speeds.  At  very  high  speeds  it  approaches  the  concentric 
condition,  but  at  moderate  speeds  the  journal  is  eccentric, 
and  therefore  the  film  thickness  at  its  thinnest  place  is 
less  than  one-half  the  difference  between  the  radii  of  the 
journal  and  the  bearing.  With  metallic  contact,  as  in  the 
case  of  rest,  it  is  obvious  that  there  will  be  practically 
no  film  thickness  at  all,  or  at  least  nothing  but  a  film 
thickness  due  to  the  adsorbed  film.  Therefore,  one  does 
meet  in  practice,  and  certainly  when  approaching  the 
state  of  rest,  film  thicknesses  that  are  as  small  or  smaller 
than  the  values  I  gave. 

Mr.  Brewer: — These  are  only  local  thicknesses,  I  take 
it,  at  the  highest  spots  of  the  two  surfaces. 

Dr.  Herschel: — They  are  at  the  point  of  nearest  ap- 
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proach.  The  condition  is  not  due  to  the  irregularities  in 
the  surface,  but  to  the  fact  that  the  journal  is  eccentric 
in  the  bearing. 

Mr.  BREWER: — Are  the  thicknesses  of  oil-film  measured 
from  the  parts  of  the  metal  that  are  in  closest  contact? 

Dr.  Herschel: — Yes,  at  the  point  of  nearest  approach. 

Xkil  MacCOULL: — Professor  Kingsbury  made  some 
interesting  experiments  several  years  ago  to  determine 
what  constitutes  "oiliness."  When  I  asked  him  whether 
he  found  much  difference  between  oils  as  far  as  oiliness 
is  concerned,  he  asked  me  the  pertinent  question,  "What 
is  oiliness?"  Mr.  Deeley  has  developed  a  machine  in 
England  for  measuring  oiliness;  it  is  apparently  a  ma- 
chine for  measuring  the  static  coefficient  of  friction. 
However,  that  is  not  the  whole  story  because,  when  the 
machine  is  very  heavily  loaded,  all  kinds  of  disturbance 
are  evident  with  an  ordinary  mineral  oil;  but  with  a  fatty 
oil  the  machine  runs  much  more  smoothly.  Prof.  R.  C. 
Carpenter,  of  Cornell  University,  made  experiments 
many  years  ago  in  which  he  tried  to  measure  the  wear  of 
different  bearing-metal  alloys.  His  machine  was  devised 
so  that  he  was  able  to  measure  an  appreciable  amount  of 
wear  after  a  few  hours  of  running.  The  interesting  fact 
was  demonstrated  by  him  that  when  a  series  of  alloys 
having  different  percentages  of  antimony  and  lead  was 
investigated,  the  minimum  wear  was  with  lead,  which 
gave  the  maximum  friction,  and  the  alloy  showing  the 
minimum  coefficient  of  friction  showed  the  maximum 
wear.  Can  we  expect  that,  if  one  oil  is  more  oily  than 
another,  the  wear  that  develops  in  a  bearing  will  be  less 
with  the  oil  that  is  most  oily?  It  may  be  that  the  matter 
of  wear  does  not  vary  in  the  same  direction  as  does 
friction. 

Chairman  H.  C.  Mougey: — Is  there  any  difference  in 
the  oiliness  of  mineral  oils,  or  is  it  necessary  to  add  a 
second  oil  to  the  mineral  oil  to  obtain  this  property  of 
oiliness? 

Dr.  Herschel: — In  considering  what  Mr.  MacCoull 
has  said,  one  should  refer  to  the  portion  of  my  paper  on 
the  friction  testing  of  bearing  metals.  Primarily  I  am 
not  a  metallurgist;  I  am  an  oil  specialist  and  have  not 
emphasized  this  subject  of  testing  bearing  metals  be- 
cause I  am  interested  in  lubricants.  In  my  paper  con- 
cerning the  testing  of  bearing  metals  I  have  quoted  Good- 
man's opinion,  that  all  wear  in  friction  tests  is  due  to 
the  imperfect  fitting  of  the  bearing  and  the  journal. 
Therefore,  I  think  we  must  accept  with  caution  any  con- 
clusions reached  in  regard  to  the  comparative  amount  of 
wear.  If  Goodman  is  correct,  the  wear  observed  is  merely 
an  indication  of  variation  in  fit  between  the  bearing  and 
the  journal,  and  not  an  indication  of  anything  else. 

Chairman  Mougey's  question  regarding  the  necessity 
for  adding  fatty  oils  to  improve  the  oiliness  opens  up  a 
most  interesting  subject;  that  is,  whether  organic  acidity 
due  to  a  petroleum  acid  in  the  oil,  and  not  to  compound- 
ing, is  beneficial  in  the  same  way  as  the  organic  acidity 
due  to  the  compounding  or  addition  of  fatty  oils.  The 
subject  is  under  investigation.  There  is  also  the  ques- 
tion whether,  by  an  addition  of  graphite  in  the  colloidal 
form  so  that  it  will  not  settle  out,  we  may  obtain  the 
same  advantage  in  reducing  the  coefficient  of  friction 
that  is  gained  by  the  addition  of  a  small  percentage  of 
fatty  aeid.  as  found  by  Wells  and  Southcombe. 

CHAIRMAN  Mougey: — If  I  understand  correctly,  there 
would  be  no  difference  in  the  oiliness  of  mineral  oils  ex- 
cept for  the  presence  of  foreign  matter,  possibly  a  pe- 
troleum acid  of  some  kind,  that  is  present  in  one  mineral 
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oil  and  not  in  another.  Does  that  mean  that  the  more 
highly  refined  oils  would  be  inferior  as  lubricants  because 
these  desirable  qualities  have  been  removed  during  the 
process  of  refining? 

Dr.  Herschel: — It  depends  entirely  upon  what  is 
meant  by  the  term  "foreign  matter."  Until  we  know 
the  source  of  the  acid  in  the  test  for  organic  acidity  of 
a  pure  uncompounded  mineral  oil,  we  shall  not  know 
whether  to  classify  oils  of  perceptible  organic  acidity  as 
containing  foreign  matter. 

There  are  several  possibilities  as  to  the  sources  of 
petroleum  acids  in  oils.  They  may  be  in  the  original 
crude;  they  may  be  a  result,  let  us  say,  of  cracking  in  the 
distillation;  they  may  be  a  result  of  treatment  with  sul- 
phuric acid.  If  there  are  certain  hydrocarbons  in  the 
oil  as  a  result  of  any  of  these  processes  of  refining,  it  is 
a  matter  of  very  exact  definition  to  determine  whether 
these  recently  formed  hydrocarbons  should  be  called 
"foreign  matter."  They  perhaps  are  not  present  in  the 
original  petroleum,  but  possibly  are  oxidation  products 
of  the  hydrocarbons  in  it.  Do  they  or  do  they  not  con- 
stitute "foreign  matter?"  We  do  not  know  as  yet 
whether  these  petroleum  acids  are  an  advantage  or  a 
disadvantage. 

There  may  be  such  a  thing  as  over-refining  and  remov- 
ing too  great  an  amount  of  these  acids.  From  that  view- 
point it  is  just  as  bad  to  over-refine  an  oil  as  not  to  re- 
fine it  enough.  We  lack  methods  of  testing  to  indicate 
when  an  oil  is  refined  enough  and  when  it  is  refined  too 
much.  We  need  a  method  of  testing  to  indicate  when 
an  oil  has  been  sufficiently  refined.  It  seems  probable 
that  it  is  a  matter  of  compromise.  Apparently,  we  want 
enough  of  these  unsaturated  products  in  an  oil  to  give 
good  oiliness.  If  we  have  too  many  unsaturated  com- 
pounds in  the  oil,  it  will  have  a  tendency  to  gum.  The 
new  school  of  thought  seems  to  indicate  that  to  give 
good  lubrication  we  should  have  an  oil  that  will  gum. 
Quoting  from  R.  M.  Deeley:' 

It  appears  then  that  the  true  lubricant  is  an  unsat- 
urated compound  possessing  all  the  attributes  of  such 
a  compound;  that  is,  (a)  capacity  to  absorb  iodin, 
bromin,  oxygen  and  so  on;  (b)  solubility  in  strong 
sulphuric  acid;  and  (c)  a  higher  carbon-hydrogen 
ratio  than  the  saturated  derivative. 

That  sounds  very  much  as  if  the  author  were  defining 
a  drying  oil.  According  to  that  definition  we  would  ex- 
pect linseed  oil  to  be  the  best  substance  for  a  lubricant, 
but  common  sense  tells  us  this  is  not  true.  Therefore,  if 
there  is  any  truth  in  this,  we  must  say  that  it  is  a  matter 
of  compromise  between  enough  of  the  unsaturated  com- 
pound to  give  good  lubrication  and  not  enough  to  cause 
gumming. 

Dr.  Coggeshall: — It  is  known  to  be  true,  I  believe, 
that  the  addition  of  fatty  or  organic  acids  to  mineral  oil 
will  increase  the  oiliness.  Have  those  increases  always 
been  determined  on  bearing  metals  subject  to  attack  by 
an  organic  acid?  There  are  a  few  metals  that  are  not 
attackable  by  organic  acids.  Have  any  experiments  been 
made  using  those  metals  as  journal  bearings  and  as 
shafts?  If  a  platinum  journal  were  used,  we  could 
assume,  I  think,  that  there  could  be  no  chemical  action 
between  the  platinum  and  the  organic  acids.  We  do  know- 
that  organic  acids  will  attack  iron  and  other  ferrous 
metals.  If  the  addition  of  organic  acids  to  mineral  oils 
did  not  increase  the  oiliness  on  a  platinum  journal,  we 
could  pretty  nearly  conclude  that  there  was  no  chemical 
combination  between  the  fatty  acids  and  the  journal.  If 
the  addition  of  organic  acids  did   increase  the  oiliness, 
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we  would  be  forced  to  conclude  that  there  was  some 
chemical  change  in  the  lubricant,  rather  than  a  combina- 
tion with  the  metal  of  the  journal.  There  might  be  ad- 
sorption on  platinum  metals  just  as  on  ferrous  metals. 

Dr.  Herschel: — It  seems  to  be  a  question  whether  to 
include  adsorption  with  chemical  or  with  physical  action. 
This  I  will  not  undertake  to  decide.  I  think  it  is  safe  to 
leave  it  that  way:  a  case  of  adsorption.  The  report  of 
the  Lubricants  and  Lubrication  Inquiry  Committee  ex- 
plains the  work  done  in  England.  This  committee  not 
only  obtained  the  results  directly  by  friction  tests  but 
has  used  the  inter-facial-tension  apparatus.  There  is  a 
slight  hiatus  in  the  line  of  argument,  because  it  is  im- 
possible to  detect  directly  the  attraction,  inter-facial 
action,  the  adsorption  or  whatever  one  wishes  to  call  it, 
between  a  lubricant  and  a  bearing  metal.  It  must  be 
determined  by  indirect  means,  by  the  inter-facial  action 
between  a  lubricant  and  water,  but  the  conclusions  de- 
rived from  the  observation  of  drops  of  oil  forming  under 
water  have  been  substantiated  by  tests  made  on  friction- 
testing  machines. 

B.  F.  Tillson: — As  I   understood  him,  Dr.   Herschel 


referred  to  the  saturated  hydrocarbons  as  being  the 
lubricating  bodies  and  later  spoke  of  the  unsaturated 
hydrocarbons  as  contributing  the  lubricating  qualities  to 
an  oil.     This  confuses  me. 

Dr.  Herschel: — It  should  be  "unsaturated  hydro- 
carbons," according  to  the  modern  theory.  These  are 
supposed  to  be  the  valuable  constituents  of  the  oil  as  far 
as  lubrication  is  concerned. 

Mr.  Tillson: — That  is  what  I  have  heard  from  other 
sources.  In  that  respect  it  is  of  interest  to  note  some 
tests  made  of  oils  distilled  from  oil-bearing  shales.  Some 
of  these  oils  show  very  light  viscosities  and  low  densities. 
Their  lubricating  qualities  under  test  conditions  thus  far 
have  seemed  to  be  superior  to  those  of  the  average 
internal-combustion-engine  lubricant.  When  tested  in 
passenger  cars  and  trucks,  greater  mileage  per  pint  of 
oil  consumption  was  shown,  with  an  apparently  greater 
engine  horsepower  in  the  same  engine.  These  oils  are 
from  a  petroleum-base  shale-oil.  In  the  process  of  dis- 
tillation, possibly  due  to  cracking  in  the  retorting  of  the 
shale,  they  probably  contain  a  large  percentage  of  com- 
plex unsaturated  hydrocarbons. 


RELATION  BETWEEN  FLUID  FRICTION  AND 
TRANSMISSION  EFFICIENCY 


BY  NEIL  MACCOULL 


THAT  all  of  the  variable  factors  of  automobile  fric- 
tion-losses such  as  the  quantity  and  viscosity  of  lu- 
bricants, the  efficiency  of  worm-gearing  and  part-load 
modifications  are  not  appreciated,  is  indicated  by  an 
examination  of  the  literature  on  this  subject  which 
reveals  a  lack  of  necessary  data.  Experiments  to  de- 
termine the  mechanical  losses,  including  all  friction 
losses  between  the  working  gases  in  the  engine  and  the 
driving-wheels  of  the  vehicle,  are  described  and  sup- 
plementary data  are  included  from  Professor  Lock- 
wood's  experiments  at  Yale: 

Three  distinct  possibilities  for  increasing  the  fuel 
economy  of  a  motor  vehicle  are  specified  and  enlarged 
upon,  gearset  experiments  to  secure  and  develop  data 
for  a  four-speed  gearset  being  then  described  and 
commented  upon  at  length;  photographs  and  charts  il- 
lustrative of  the  equipment  used  and  the  resultant 
data  are  included.  The  effects  of  varying  the  speed 
under  no-load  and  load  conditions  are  studied,  inclu- 
sive of  mathematical  analysis,  and  the  efficiency  of  the 
gearset  and  noise  measurements  made  in  regard  to  it 
are  discussed.  The  paper  is  then  summarized.  [Printed 
in  the  March,  1922,  issue  of  The  Journal.] 

THE  DISCUSSION 

R.  W.  A.  Brewer: — The  Hopkinson  method  of  carry- 
ing out  a  test  of  this  sort  is  interesting.  Some  30  years 
ago  Dr.  Hopkinson  developed  a  system  of  testing  alter- 
nating-current generators  that  has  been  modified  in  this 
particular  test.  It  seems  to  me  that  this  method  is 
adaptable  to  any  kind  of  rotary  machine  and  should  be 
adopted  very  much  more  widely.  I  am  very  glad  to  see 
that  it  was  used  in  this  case,  and  also  that  results  were 
obtained  which  can  be  relied  upon. 

Fig.  1  of  the  paper  refers  to  the  mechanical  losses  and 
to  wind  resistance  and  tire  losses.  Mr.  MacCoull  thinks 
that  not  much  work  or  investigation  has  been  done  along 
these  lines.  But  much  has  been  done.  Between  1909  and 
1914  I  was  doing  considerable  automobile  racing  on  the 
Brooklands  track.    In  the  course  of  the  work  it  was  nec- 


essary to  design  cars  to  give  a  guaranteed  performance. 
To  do  so  wind  and  other  resistances  had  to  be  consid- 
ered, because  these  resistances  are  the  principal  factors 
in  the  whole  design.  To  determine  the  accuracy  of  the 
design  some  tests  were  made  on  a  single-seat  racing- 
body,  placing  an  ordinary  number-plate  on  the  front  of 
this  body,  and  subsequently  a  four-seat  automobile,  a 
sporting  model,  was  designed  having  a  difference  of  re- 
sistance under  test  conditions  exactly  equal  to  the  resist- 
ance of  that  number-plate.  Tests  of  this  kind  show  that 
designs  for  practically  any  predetermined  wind-resistance 
can  be  made.  Tests  of  that  particular  body  show  that 
one  can  make  automobile-body  forms  to  give  an  extremely 
low  resistance  if  the  proper  method  is  used. 

Mention  was  made  of  variations  in  resistance  in  a 
gearbox  with  varying  quantities  of  oil.  It  is  an  old  rac- 
ing trick  to  put  practically  no  oil  in  the  transmission; 
such  oil  as  does  go  in  is,  as  a  rule,  engine  oil.  That 
makes  a  considerable  difference  in  the  friction  loss. 

Two  points  of  resistance  are  very  important  in  an 
automobile.  One  is  the  propeller-shaft  loss,  which  varies 
with  the  design  of  the  propeller-shaft  and  of  the  univer- 
sal-joints. The  other  loss  is  due  to  faulty  springing  and 
to  wheel-spinning.  It  is  obvious  that  wheel-spin  is  a 
very  prolific  source  of  lost  energy  in  the  propulsion  of  a 
car. 

Prof.  E.  H.  Lockwood: — A  novel  experiment  on  the 
measurement  of  wind  resistance  of  vehicles  is  now  being 
carried  out  at  the  Kansas  State  Agricultural  College, 
Manhattan,  Kan.  The  general  plan  is  to  expose  the  ve- 
hicle in  a  suitable  location  to  the  sweep  of  the  Kansas 
winds,  which  are  said  to  be  both  intense  and  steady  at 
times.  The  test  vehicle  is  placed  on  a  circular  turntable 
floating  on  water  in  a  concrete  reservoir.  In  this  way 
the  vehicle  can  be  oriented  to  face  the  wind,  the  direction 
and  velocity  of  which  are  indicated  by  the  usual  instru- 
ments. The  total  force  of  the  wind  exerted  on  the  vehicle 
is  measured  by  the  dynamometer  pull  on  the  frictionless 
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floating  turntable.  Interesting  and  valuable  results  may 
lie  expected  from  this  equipment. 

Mr.  MacCoulTs  experiments  showing  a  marked  in- 
1  gearbox  friction  at  low  temperatures  have  been 
confirmed  by  dynamometer  tests  at  the  Mason  Labora- 
tory. Yale  University.  In  the  latter  experiments  the  pro- 
cedure was  modified  by  chilling  the  entire  transmission 
to  about  -VI  deg.  fahr.  by  allowing  the  ear  to  stand  over- 
night in  the  open  air.  The  entire  chassis  friction,  both 
front  and  rear,  was  measured  in  the  cold  state,  and  at 
intervals  of  30  min. -thereafter.  The  gears  and  transmis- 
sion were  run  under  load  to  warm-up  the  lubricant,  until 
the  latter  reached  a  temperature  of  about  130  deg.  fahr. 
Two  typical  examples  are  given  to  show  the  extent  of 
friction  variation  produced  in  this  way. 

Quartermaster  Standard  Class-B  truck  No.  432,799 
had  run  3(!00  miles  at  the  time  of  test  and  was  in  excel- 
lent condition.  The  empty  truck  weighed  11,540  lb.,  of 
which  6875  lb.  was  on  the  rear  wheels.  Rolling-resist- 
ance measurements  were  made  with  gearbox  tempera- 
tures at  32  deg.  fahr.,  these  finally  reaching  about  130 
deg.  fahr.  The  cold  test  showed,  for  the  front  wheels, 
80  lb.;  for  the  rear  wheels  and  the  transmission,  166  lb.; 
or  a  total  of  246  lb.  The  hot  test  showed  80  lb.  for  the 
front  wheels;  130  lb.  for  the  rear  wheels  and  the  trans- 
mission; or  a  total  of  210  lb.  The  increase  in  the  total 
rolling  resistance  due  to  chilling  the  lubricant  was  about 
17  per  cent. 

A  similar  test  was  run  with  a  duplicate  Class-B  truck, 
that  had  run  only  300  miles,  in  which  the  engine  and  the 
transmission  gave  evidence  of  excessive  internal  friction. 
The  rolling  resistance  of  this  truck  was  considerably 
greater.  The  cold  test  showed,  for  the  front  wheels,  83  lb. ; 
for  the  rear  wheels  and  the  transmission,  295  lb.;  or  a 
total  of  378  lb.  The  hot  test  showed  83  lb.  for  the  front 
wheels;  190  lb.  for  the  rear  wheels  and  the  transmission; 
or  a  total  of  273  lb.  The  increase  in  the  rolling  resist- 
ance due  to  chilling  the  lubricant  was  39  per  cent.  Inter- 
mediate measurements  showed  that  the  decrease  in  the 
friction  was  rapid  as  the  lubricant  warmed-up,  but  slow 
from  temperatures  of  from  80  to  130  deg.  fahr. 

A  Mf.mber: — In  Fig.  6  of  the  paper,  do  any  of  the 
curves  shown  refer  to  greases?  Were  the  two  trans- 
mission units  that  were  put  together  statically  balanced? 
If  not,  the  ratings  taken  need  to  be  corrected  consider- 
ably. 

Neil  MacCoull: — In  Fig.  6  the  cross-arm  is  over  the 
gearboxes,  with  the  spring-scale  by  which  we  measured 
torque  losses  on  the  left-hand  side.  At  the  right-hand 
side  of  the  gearboxes  large  iron  weights  are  shown  sus- 
pended from  the  end;  these  were  installed  to  balance  the 
gearboxes.  All  our  readings  were  corrected  by  about 
1 '  _■  lb.  to  compensate  for  the  lack  of  balance. 

In  regard  to  the  use  of  greases  I  place  little  re- 
liance on  the  results  I  have  given,  because  it  is  so 
difficult  to  measure  their  temperatures.  We  have  no 
.ranee  whatever  that  the  temperature  of  the  grease 
where  the  thermometer  is  inserted  is  the  same  as  the 
temperature  of  the  grease  around  the  gears.  How- 
ever, the  curve  for  oil  No.  3,  as  it  is  called  in  Fig.  9,  is 
a  grease  that  was  tried,  but  I  question  that  also  to  some 
extent  because,  as  shown  in  the  cross-section  of  the  gear- 
boxes in  Fig.  4,  there  is  a  little  pocket  at  the  left-hand 
end  of  the  gearbox  where  the  engine  shaft  goes  through 
between  two  of  the  roller  bearings.  It  is  very  clear  that 
after  operating  for  some  time  this  space  would  be  filled 
with  the  lubricants  used.  The  tests  we  made  were  of  too 
short  duration  to  make  certain  that  the  grease  got  up 
in  there;  so.  it  may  be  that  the  losses  would  be  higher 


after  a  long  test.  Oil  No.  7  was  a  light  mineral  oil  in 
which  there  was  a  small  percentage  of  grease,  but  not 
enough  to  prevent  it  from  being  fluid.  I  complained 
about  the  difficulty  of  cleaning  out  a  grease,  having  in 
mind  a  particular  grease  that  would  not  flow  of  itself.  It 
can  be  removed  only  by  digging  it  out,  since  it  is  not 
soluble  enough  in  kerosene  or  similar  liquids  to  wash  out 
easily. 

H.  C.  Drake: — In  his  work  on  transmissions  did  Mr. 
MacCoull  make  any  tests  to  determine  the  losses  with 
the  gears  in  neutral? 

Neil  MacCoull: — No,  because  one  would  get  only  the 
readings  from  one  gearbox.  The  same  thing  is  true 
with  a  gearbox  on  an  idler.  That  would  be  interesting, 
of  course ;  our  experiments  were  very  incomplete. 

H.  C.  Dickinson  : — In  discussing  this  very  interesting 
and  valuable  paper  I  should  like  to  call  attention  to  one 
point  that  the  author  seems  to  have  overlooked,  and  that 
may  be  of  considerable  importance.  In  using  the  two 
gearboxes  mounted  in  a  cradle  so  that  the  resultant 
torque  on  them  alone  can  be  measured,  Mr.  MacCoull 
adopted  a  method  that  is  in  accord  with  good  experi- 
mental procedure;  that  is,  he  has  succeeded  in  measur- 
ing directly  the  quantity  that  he  wishes  to  measure  in- 
stead of  deducing  the  result  as  the  difference  between  the 
power  input  and  the  power  output.  The  latter  method 
has  the  inherent  disadvantage  that  both  measurements 
must  be  made  with  extreme  accuracy  to  give  any  reason- 
able accuracy  to  their  difference. 

But,  in  adopting  this  method,  the  apparent  torque  on 
the  gearbox  yoke  system  is  dependent  on  its  center  of 
gravity.  The  grease  or  oil  in  the  gearboxes  is  a  part  of 
the  system  and  any  displacement  of  it  can  change  the 
position  of  the  center  of  gravity  and  thus  change  the  bal- 
ance of  the  system ;  or,  in  other  words,  the  measured 
torque  independently  of  the  actual  torque  applied.  When 
the  gears  rotate,  they  displace  the  oil  in  the  gearcase 
and  change  the  center  of  gravity  by  an  amount  depend- 
ing upon  the  shape  of  the  gearcase,  the  viscosity  of  the 
oil,  the  depth  of  oil,  the  speed  and  direction  of  rotation 
and  perhaps  other  things.  Moreover,  the  system  as  used 
is  not  symmetrical  as  regards  displacement  of  the  oil ; 
hence,  there  is  no  assurance  that  the  displacement  in  one 
of  the  gearcases  will  balance  that  in  the  other.  As  a 
matter  of  fact,  they  will  both  tend  to  change  in  the  same 
direction. 

The  magnitude  of  these  corrections  for  a  Class-B-truck 
transmission  has  been  determined  incidentally  by  S.  von 
Ammon,  of  the  Bureau  of  Standards,  in  connection  with 
a  study  of  efficiencies  in  rear-axle  construction  for  the 
Quartermaster  Corps.  With  this  gearset,  the  horizontal 
displacement  of  the  center  of  gravity  necessitates  cor- 
rections which  are  of  the  same  order  of  magnitude  as 
some  of  the  total  net  torques  measured  by  the  author. 
While  these  errors  may  be  much  less  in  the  gearcases  he 
has  used,  it  is  hardly  safe  to  neglect  them  without  a 
careful  determination  of  their  magnitude.  For  instance, 
it  is  possible  that  the  constant  K,  which  the  author  states 
depends  upon  viscosity  and  oil  level,  is  in  reality  not  a 
characteristic  of  the  gear  and  bearing  friction  at  all,  but 
a  measure  of  the  displacement  of  the  center  of  gravity 
of  the  oil.  At  any  rate  it  has  the  same  general  charac- 
teristics as  the  error  introduced  by  displacement  of  the 
oil. 

Mr.  MacCoull: — The  possible  error  due  to  the  chang- 
ing of  the  center  of  gravity  when  the  gears  displace  oil  is 
very  difficult  to  calculate.  Observations  of  the  effect  of 
gear  rotation  on  the  displacement  of  the  oil  show  that 
the  oil   usually  builds  up  around  the  upper  shaft  as  a 
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symmetrical  mass  having  about  the  same  center  of  grav- 
ity as  the  shaft.  The  oil  thus  picked  up  and  carried  by 
the  gears  has  the  effect  of  lowering  the  level  of  the  re- 
maining oil,  but  no  observations  were  made  to  determine 
the  extent  of  this.  There  is  little  lateral  change  in  the 
center  of  gravity.     It   does  not  seem  possible  that  the 


variation  in  the  height  of  the  center  of  gravity  could  be 
as  great  as  that  caused  by  changing  the  quantity  of  oil 
present  from  4  to  8  qt.,  which  would  introduce  an  error 
slightly  in  excess  of  3  per  cent.  To  eliminate  this  source 
of  possible  error,  further  tests  will  be  made  on  the  effect 
of  changing  the  quantity  of  oil. 


CONTINUOUS  DIE  ROLLING 


BY  G.  R.  NORTON 


THE  process  of  continuous  die  rolling  and  the  prod- 
ucts possible  with  this  method  of  manufacture  are 
described  and  illustrated.  The  improvements  that  have 
been  made  were  the  result  of  efforts  to  produce  more 
complicated  sections  by  this  process,  with  greater  ac- 
curacy, and  these  are  discussed  at  some  length. 

The  physical  characteristics  of  steel  that  must  be 
considered  are  commented  upon  and  forming  that  is 
effected  in  one  pass  is  described,  consideration  being 
given  the  requirements  of  rolled  forging  blanks. 

The  cost  of  operation  is  treated  and  the  equipment 
used  is  discussed,  showing  how  this  process  differs  from 
other  methods  of  making  the  same  things,  as  to  both 
the  operations  necessary  and  the  character  of  the 
product.  [Printed  in  the  January,  1922,  issue  of  The 
Journal.] 

THE  DISCUSSION 

G.  R.  Norton: — To  make  the  process  perfectly  clear, 
I  wish  to  point  out  wherein  it  differs  from  the  other 
rolling  processes  that  are  somewhat  similar.  This  con- 
sists of  the  manner  of  forming  the  variable-section  bars 
which  is  done  entirely  in  the  final  pass  after  the  bar 
has  been  reduced  from  a  billet  through  an  ordinary  roll 
train.  This  final  forming  operation  can  be  made  in  the 
last  stand  of  a  set  of  rolls,  or  in  a  separate  finishing 
stand,  the  latter  being  a  little  more  flexible  and  having 
a  better  arrangement.  The  only  articles  that  have  ever 
been  made  commercially  in  this  way  are  clip-sections, 
wagon-box  straps  and  some  things  of  that  character. 
They  have  been  produced  for  many  years  by  the  Carnegie 
Steel  and  other  companies  but  usually  take  the  form  of 
round  sections  alternating  with  flats,  half-rounds  or  half- 
ovals,  and  no  attempt  is  made  to  put  impressions  in  the 
pair  of  rolls;  one  roll  carries  an  impression  while  the 
other  is  perfectly  flat.  In  the  process  described  in  my 
paper  we  match  the  impressions  in  the  rolls  by   using 


a  set  of  gears  opposite  the  driven  end  of  the  rolls.  We 
can  match  the  rolls  exactly  by  a  method  of  adjustment, 
roll  symmetrical  sections,  make  offsets  and  perform 
similar  operations.  The  improvements  have  been  entirely 
along  these  lines.  There  is  nothing  particularly  novel 
about  the  idea;  in  fact,  it  was  advanced  in  1835.  Except 
for  the  cases  mentioned,  I  think  very  little,  if  anything, 
has  been  put  on  the  market  because  of  the  difficulties 
of  production.  One  limiting  factor  is  the  amount  of  re- 
duction that  can  be  obtained  without  producing  a  flash 
or  over-fill  on  the  bar.  In  the  ordinary  rolling  process 
the  over-fill  cannot  be  taken  care  of,  but  in  many  pieces 
we  regard  that  exactly  the  same  as  the  forging  flash 
produced  in  the  drop  forging. 

J.  H.  Nelson: — The  process  is  exceedingly  interesting 
and,  if  carried  far  enough,  would,  I  think,  be  exceed- 
ingly useful  as  a  preliminary  to  drop  forging.  Just  what 
can  be  done  in  regard  to  it  depends  upon  whether  it 
can  be  made  to  pay.  That  is  the  great  problem,  just  as 
it  is  a  problem  now  in  forging  automobile  parts.  It  is 
necessary,  as  was  stated,  to  forge  down  to  distribute  the 
material  to  the  proper  places.  If  sections  could  be  made 
of  the  proper  shapes,  it  would  save  much  time  in  the 
forge  shop  and  increase  production.  The  effect,  however, 
would  be  to  require  a  stock  of  a  particular  size  and 
character  for  each  job.  In  other  words,  it  would  not 
be  possible  to  stock  up  a  yard  with  a  supply  of  steel. 
It  thus  might  work  a  hardship  on  the  customer,  particu- 
larly during  times  when  only  small  orders  are  placed. 
On  certain  classes  of  orders  requiring  one  exceptionally 
large  number  of  either  identical  cr  very  similar  forgings 
such  a  procedure  might  work  out  very  satisfactorily. 

Chairman  F.  P.  Gilligan  : — What  is  the  etching  sub- 
stance used  on  those  sections? 

Mr.  Norton  : — I  think  it  is  iodin. 


METHODS  OE  MEASURING  DETONATION  IN 

ENGINES 


BY    THOMAS    MIDGLEY,    JR.,   AND   T.    A.    BOYD 


THE  various  methods  employed  to  measure  detona- 
tion or  fuel  knock  in  an  internal-combustion  en- 
gine, such  as  the  listening  indicator,  temperature  and 
bouncing-pin,  are  discussed  and  the  reasons  all  but  the 
last  cannot  be  employed  to  give  satisfactory  indica- 
tions of  the  detonation  tendencies  of  fuels  are  given. 
The  bouncing-pin  method,  which  is  a  combination  of 
the  indicator  developed  by  the  author  and  the  appara- 
tus designed  by  Dr.  H.  C.  Dickinson  at  the  Bureau  of 
Standards,  is  illustrated  and  described.  In  this  method 
the  evolution  of  gas  from  an  electrolytic  cell  contain- 
ing sulphuric  acid  and  distilled  water  measures  the 
bouncing-pin  fluctuations  in  a  given  period  of  .time. 
The  accuracy  of  this  method  of  comparison  is  brought 
out  in  a   table. 

The  qualities  that  a  standard  fuel  must  possess  are 


explained  and  the  objections  to  a  special  gasoline  are 
pointed  out.  The  use  of  a  combination  of  a  non-de- 
tonating and  a  detonating  fuel  as  the  standard  is  de- 
veloped and  the  reasons  that  led  to  the  use  of  hexane 
with  diethyl  selenide  and  isopropyl  nitrite  for  a  fuel 
standard  are  mentioned.  [Printed  in  the  January, 
1922,  issue  of  The  Journal.] 

THE  DISCUSSION 

A.  C.  Bockmann: — In  the  matter  of  a  standard  of 
comparison  for  apparatus  for  measuring  detonation,  I 
gather  that  there  would  be  some  variation.  How  is  that 
determined? 

T.  A.  Boyd: — A  standard  fuel,  the  characteristics  of 
which  are  known,  is  always  used  as  a  basis  of  compari- 
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son,  mi  account  of  the  condition  to  which  Mr.  Bockmann 
refers.  By  running  the  standard  fuel  at  the  same  time 
and  under  the  same  conditions  as  the  fuel  under  examina- 
tion, the  variables  introduced  by  changing  engine  con- 
ditions and  necessarily  always  present  are  ironed  out. 

Thomas  Midgley,  Jr.: — The  method  adopted  is  that 
of  measuring  the  fuel,  not  the  engine.  When  applying 
the  measurement  to  the  engine,  we  can  compare  any 
engine  with  any  other.  By  this  method  we  can  determine 
very  accurately  a  blend  of  the  standard  fuels  that  would 
just  verge  on  detonation  in  a  given  engine.  Let  us 
assume  that  it  has  a  40  to  60  value.  We  can  then  take 
the  same  mixtures  to  another  engine  and  determine  the 
value  for  that  engine,  obtaining,  say,  a  50  to  50  value. 
These  terms  would  then  express  the  measurements  of 
the  engines.  Thus,  measuring  the  engine  gives  us  prac- 
tically the  same  results  concerning  detonation  as  meas- 
uring the  difference  in  fuel  oils. 

Chairman  A.  L.  Nelson: — My  understanding  is  that 
with  two  standard  fuels  we  determine  two  points,  an 
upper  and  a  lower  point  after  detonation.  Are  the  inter- 
mediate points  on  a  straight  line? 

Mr.  Boyd: — They  very  seldom  lie  exactly  in  a  straight 
line,  but  usually  in  a  smooth  curve.  As  many  concentra- 
tions of  the  standard  with  which  comparison  is  being 
made  can  be  employed  as  is  necessary  or  advisable.  A 
smooth  curve,  which  never  has  a  great  deal  of  curvative, 
can  then  be  drawn  through  these  points;  or,  if  a  high 
degree  of  accuracy  is  desired,  such  concentrations  of  the 
standard  may  be  used  as  lie  so  close  to  the  fuel  under 
examination  in  detonating  characteristics  that  the  points 
can  be  joined  by  a  straight  line  without  introducing  any 
measurable  error.     Thus,  for  example,   in  the  cases  re- 


ported in  the  paper,  in  which  the  operator  was  endeavor- 
ing to  determine  the  composition  of  unknown  blends  of 
kerosene  and  gasoline,  he  proceeded  as  follows:  From 
the  stock  of  the  same  ingredients  he  prepared  by  trial 
two  blends,  one  of  which  had  a  very  slightly  greater  de- 
tonating tendency  than  the  fuel  under  examination,  as 
measured  by  the  amount  of  gas  evolved,  and  one  of  which 
had  a  slightly  less  tendency  to  detonate.  A  number  of 
runs  were  then  made  with  each  of  the  fuels,  checking 
them  against  one  another  and  averaging  the  results. 
The  averages  thus  obtained  from  each  of  the  fuels  of 
known  composition  were  plotted  on  a  chart  having  the 
amount  of  gas  evolved  and  the  relative  kerosene-gasoline 
composition  as  its  vertical  and  horizontal  axes,  re- 
spectively, and  the  two  points  were  joined  by  a  straight 
line.  Projecting  down  from  the  point  at  which  this  line 
crossed  the  horizontal  line  corresponding  to  the  volume 
of  gas  evolved  by  the  fuel  under  examination  then  gave 
its  composition  directly,  and  with  a  surprising  degree 
of  accuracy. 

A  Member: — We  have  here  a  definite  addition  to  the 
methods  of  ascertaining  the  nature  of  detonation.  There 
have  been  many  misgivings  as  to  just  what  detonation 
is.  Any  means  that  will  help  determine  the  line  of  de- 
markation  between  detonation  and  highly  intensive  burn- 
ing is  of  value.  Perhaps  some  portions  of  Mr.  Ricardo's 
paper  concerned  a  near  approach  to  detonation  that  was 
not  detonation.  It  may  be  that  after  more  work  shall 
have  been  done  upon  the  subject  we  shall  be  placed  in 
possession  of  an  instrument  that  will  be  capable  of  telling 
us  exactly  what  occurs,  and  we  shall  be  able  to  find  some 
line  of  demarkation  where  detonation  stops  and  highly 
intensive  burning  begins. 


PERTINENT  FACTS  CONCERNING  MALLEABLE 

IRON  CASTINGS 


BY  ENRIQUE  TOUCEDA 


ADDRESSING  the  structural  engineer  and  the  pur- 
chasing agent  particularly,  the  author  discusses 
the  relationship  between  them  and  the  foundryman 
with  regard  to  malleable-iron  castings  and  enumerates 
foundry  difficulties.  The  characteristics  necessitating 
adequate  gating  for  such  castings  are  described  and 
illustrated,  inclusive  of  considerations  regarding  pat- 
tern design,  followed  by  a  statement  of  the  considera- 
tions that  should  influence  the  purchasing  agent  when 
dealing  with  foundrymen. 

Possible  casting  defects  are  described,  illustrated  and 
discussed,  comment  being  made  upon  casting  shrinkage 
and  machinability.  Improvements  in  annealing-oven 
construction  and  operation  are  reviewed  and  the  rec- 
ords of  100  consecutive  heats  in  different  plants  are 
tabulated.  The  materials  for  casting  that  compete  with 
malleable  iron  are  mentioned  and  its  physical  charac- 
teristics are  considered  in  some  detail. 

Emphasis  is  placed  upon  the  necessity  for  the  elim- 
ination of  casting  shrinkage  and  a  brief  summary  is 
made  of  the  most  important  features  of  the  paper. 
[Printed  in  the  January,  1922,  issue  of  The  Journal.] 

THE  DISCUSSION 

R.  H.  Sherry: — Mr.  Touceda  should  have  laid  more 
stress  upon  the  matter  of  the  design  of  malleable  cast- 
ings. Some  very  peculiar  things  appear  in  the  old  books 
on  automobile  design.  For  example,  one  will  find  the 
steering-knuckle  represented  as  being  machined  at  right 
angles,  which  would  cause  it  to  fracture  after  compara- 


tively short  service.  Some  of  the  things  perpetrated  in 
tools  show  the  same  faulty  design  that  often  is  exhibited 
in  castings.  It  should  be  one  of  the  duties  of  the  metal- 
lurgist to  use  his  best  judgment  in  examining  the  designs 
for  malleable  castings,  before  he  even  undertakes  their 
consideration. 

I  have  in  mind  one  casting  that  was  stated  by  a  promi- 
nent automobile  engineer  to  be  impossible  to  make,  but 
by  a  minor  change,  I  think  it  was  an  increase  in  thickness 
of  about  y&  in.,  a  considerable  sum  of  money  was  saved 
by  using  that  part.  I  recall  also  the  clutch  hub  of  a  cer- 
tain popular  car  which  is  a  malleable  casting  with 
cyanided  splines.  A  number  of  them  are  placed  on  a  steel 
rod  and  rotated  over  the  cyanide  pot.  The  malleable  iron 
cyanided  very  readily  and  with  perfect  satisfaction.  I 
believe  this  form  of  hub  can  be  made  at  much  less  cost 
than  any  other. 

Enrique  Touceda: — The  design  of  malleable-iron 
castings  with  sections  disproportionate  in  such  a  way  as 
to  make  them  almost  impossible  to  be  cast  free  from 
shrinkage  is  the  one  big  difficulty  that  confronts  the 
foundryman.  To  produce  sound  castings  he  is  forced  to 
resort  to  almost  every  expedient  known  to  the  molding 
art.  A  complicated  casting  of  disproportionate  sections 
should  not  be  regarded  in  the  light  of  a  single  casting 
having  one  or  perhaps  two  gates,  but  as  a  mass  of  metal 
made  up  of  a  lot  of  separate  castings  united  by  thinner 
sections  that  may  be  considered  as  gates  joining  heavier 
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parts  and  actually  a  part  of  the  casting  itself.  If  two 
heavy  parts  are  united  by  one  that  is  too  thin,  as  is  the 
case  with  many  automobile  castings,  the  thin  portion  will 
freeze  before  the  others  have  had  their  full  quota  of 
metal.  If  the  uniting  part  is  thickened  slightly,  this 
defect  can  be  overcome. 

C.  S.  SCHROEDER: — With  reference  to  the  approximate 
limiting  thickness  of  a  malleable  casting,  how  thick  can 
such  a  casting  be  made  and  still  retain  the  high  tensile- 
strength  and  elongation  that  are  obtained  with  V2-in. 
sections  ? 

Mr.  Touceda: — In  the  case  of  sections  having  a  thick- 
ness of  1  in.,  it  is  not  believed  that  any  consequential 
variations  in  strength  will  be  found  in  any  part  of  the 
section.  In  a  section  2  in.  thick,  some  difference  in 
strength  would  be  found  between  a  specimen  taken  close 
to  the  surface  and  one  from  the  center  of  the  section. 
This  might  amount  to  as  much  as  4000  lb. ;  but,  inasmuch 
as  the  average  ultimate-strength  of  malleable  cast-iron  is 
53,000  lb.  per  sq.  in.,  the  strength  of  the  bar  cut  from 
the  center  would  still  be  much  higher  than  the  require- 
ments laid  down  by  the  American  Society  for  Testing 
Materials.  Being  cut  from  metal  all  of  which  is  very 
near  to  the  neutral  axis,  the  loss  in  strength  would  be 
negligible.  There  is  no  difficulty  in  the  breaking-up  of 
the  hard  iron  carbides  during  the  annealing,  irrespec- 
tive of  the  thickness  of  section,  as  this  conversion  is  a 
function  of  time  and  temperature  and  will  be  complete 
in  all  cases,  provided  the  composition  is  correct  from  a 
metallurgical  viewpoint. 

Mr.  Schroeder: — But  is  not  the  outer  structure  ruined 
by  prolonged  annealing? 

Mr.  Touceda: — Not  at  all.  Many  believe  that  the 
strength  of  malleable  iron  lies  mainly  in  the  skin,  owing 


to  the  surface  metal  being  decarbonized,  but  many  tests 
on  machined  samples  prove  that  this  is  not  so.  It  is 
really  a  matter  of  soundness  whether  duplicate  bars,  one 
machined  and  the  other  not,  will  show  a  difference  in 
strength.  One  reason  for  the  old  belief  was  that  tests 
were  made  on  bars  that  lacked  soundness  due  to  shrink- 
age. When  the  skin  was  removed  by  machining,  the  test 
was  made  on  that  part  of  the  bar  that  lacked  strength 
because  of  this  defect.  The  great  value  of  the  malleable 
casting  lies  not  only  in  its  high  strength  and  ductility  but 
in  the  ease  with  which  it  can  be  machined.  There  is  no 
other  ferrous  product  that  can  be  machined  at  such  a 
high  rate  of  speed.  Many  companies  attain  a  rate  of 
150  ft.  per  min. 

Chairman  F.  P.  Gilligan: — Do  automobile  engineers 
show  any  lack  of  response  to  requests  for  alterations  of 
design  that  will  affect  their  products? 

Mr.  Touceda: — There  has  been  an  improvement  within 
the  last  year.  Engineers  are  beginning  to  realize  more 
fully  the  reasonableness  of  such  requests.  We  can  cer- 
tainly produce  better  results  if  designs  are  better. 

Chairman  Gilligan: — Has  there  been  any  trouble 
with  the  factory  people  in  that  respect? 

Mr.  Touceda: — The  trouble  is  all  along  the  line  and  not 
with  the  manufacturer  particularly.  In  his  design  the 
engineer  considers  mainly  what  sections  he  must  have 
to  assure  sufficient  strength  in  service,  in  many  cases 
without  realization  of  or  regard  for  the  problems  that 
may  arise  in  connection  with  the  production  of  the  cast- 
ings. I  am  glad  to  state  that  our  requests  for  modifica- 
tions in  the  design  of  patterns  are  now  met  in  a  much 
more  tolerant  manner  than  formerly.  In  one  recent  in- 
stance a  pattern  was  changed  at  our  request  and  success 
immediatelv  followed. 


PASSENGER-CAR  BRAKES 


BY   J.   EDWARD  SCHIPPER 


STATING  that  the  problem  of  deceleration  is  just  as 
important  and  necessary  of  solution  as  is  the  one  of 
providing  car-acceleration  ability,  the  author  gives  a 
comprehensive  survey  of  present  braking  practice  and 
outlines  future  requirements  and  possibilities. 

Design  factors  are  considered  at  length,  as  well  as 
the  subject  of  what  constitutes  uniform  and  effective 
braking-power,  various  illustrations  and  descriptions 
being  included  of  different  types  of  brake.  Brake- 
actuating  means,  the  calculation  of  brake-drum  size, 
car-stoppage  ability,  brake  equalizers  and  brake-linings 
are  commented  upon  in  some  detail. 

The  future  of  brakes  is  discussed  with  reference  to 
the  use  of  the  engine  as  a  brake,  four-wheel  and  front- 
wheel  brakes,  the  servo  principle  of  brake  operation 
and  various  novel  braking  methods.  A  brief  summary 
of  what  is  considered  good  practice  with  regard  to  truck 
brakes  is  appended.  [Printed  in  the  April,  1922,  issue 
of  The  Journal.] 

THE  DISCUSSION 

H.  W.  SLAUSON : — I  was  much  interested  in  Mr.  Schip- 
per's  reference  to  the  effect  on  the  transmission  and 
clutch  bearings  of  using  the  engine  as  a  brake.  It  seems 
to  me  that  this  use  of  the  engine  is  necessary,  even  though 
we  do  have  sufficient  heat-dissipating  design  in  the  brakes 
themselves,  especially  on  steep  grades.  If  the  transmis- 
sion is  in  second,  in  low  or  even  in  high  gear  and  the  skid 
starts,  to  let  the  clutch  back  in  and  start  the  wheels 
z-evolving  gives  a  much  greater  factor  of  safety  in  de- 
scending a  steep  hill  than  if  the  gears  were  in  neutral. 
If  the  transmission  and  clutch  bearings  are  of  sufficient 


capacity  to  drive  a  car  up  a  steep  hill  without  becoming 
overheated,  why  is  it  that  they  cannot  take  the  reverse 
thrust? 

One  weakness  in  the  design  of  some  brakes  is  the  ten- 
dency of  the  anchorage  to  break;  that  is,  the  point  at 
which  the  brake-band  is  secured  and  prevented  from  re- 
volving when  the  brake  is  applied. 

William  R.  McCulla: — In  regard  to  using  the  engine 
as  a  brake,  I  have  had  considerable  experience  in  contest 
work  in  endeavoring  to  get  a  large  number  of  miles  per 
gallon  of  gasoline.  In  one  recent  test  a  light  car  traveled 
106  miles  per  gal.  under  official  supervision.  The  previ- 
ous day  it  traveled  114  miles  per  gal.  I  have  been  ad- 
vised that  this  car  can  travel  160  miles  per  gal.,  but  this 
is  accomplished  by  stunt  driving.  Another  make  of  car 
that  was  attempting  to  beat  this  record  recently  was 
equipped  with  an  over-running  clutch,  which  was  most 
satisfactory.  Most  of  the  economy  was  obtained  by 
changing  the  gears  into  neutral  and  coasting  nearly  % 
mile  after  a  certain  speed  had  been  attained.  In  driv- 
ing in  the  mountains,  if  the  engine  is  used  as  a  brake,  the 
gasoline  consumption  is  increased  very  materially.  Pro- 
vision should  be  made  for  proper  brakes  instead  of  de- 
pending upon  the  engine.  In  one  English  car,  when  the 
engine  was  used  as  a  brake,  the  carbureter  admitted  pure 
air  instead  of  a  mixture  of  gasoline  and  air.  This  was 
of  great  assistance  in  cooling  when  driving  in  mountain- 
ous regions  and,  of  course,  it  did  not  increase  the  gaso- 
line consumption  or  affect  the  lubrication  by  sucking 
raw  gasoline  through  the  combustion-chamber. 
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X.  L.  Dod: — The  insurance  interests  are  considering 
using  the  acceleration  and  deceleration  values  for  liability 
insurance  against  collisions.  The  present  high-priced 
values  are  due  to  the  fact  that  the  dollar-for-dollar  value 
of  materials  in  cars  seems  to  be  about  an  average. 

The  Formulas  that  have  been  submitted  are  too  compli- 
cated or  have  indeterminate  values  that  involve  a  judg- 
ment factor,  to  be  determined  by  the  man  doing  the 
rating,  which  of  course  is  not  advisable.  We  have  made 
experiments  with  four-wheel  brakes  and  find  that  in  going 
down-hill  the  greater  proportion  of  the  load  of  the  car 
is  transferred  to  the  front-wheel  brakes;  so,  if  the  front- 
wheel  brake-drag  with  a  certain  weight  of  car  is  of  the 
same  capacity  as  the  drag  on  the  rear-wheel  brakes,  the 
breaking  efficiency  probably  would  be  50  per  cent  greater 
than  with  the  same  total  braking  capacity  on  the  rear 
wheels  alone. 

Propeller-Shaft  Brakes 

CHAIRMAN  11.  W.  Alden: — Mr.  Schipper  says  that  pro- 
peller-shaft brakes  are  coming  in.  I  think  there  is  no 
doubt  about  it,  particularly  on  the  smaller  and  lighter 
cars. 

K.  G.  Howell: — My  experience  with  propeller-shaft 
brakes  covers  some  30,000  miles.  During  that  time  I 
have  never  had  a  particle  of  skid  caused  by  the  applica- 
tion of  the  brake,  which  has  a  drum  12  in.  in  diameter 
and  about  3  in.  wide.  I  have  had  some  trouble  with 
brake-lining,  but  one  company  manufactures  a  lining  that 
is  entirely  satisfactory.  I  have  found  that  a  transmission 
brake  is  most  satisfactory  on  the  average  road.  I  usually 
drive  at  an  average  speed  of  45  m.p.h.  and  my  experience 
covers  6  years.  The  transmission  brake  can  always  be 
depended  upon  on  a  wet,  slippery  surface  and  on  a  turn. 
It  has  the  easiest  type  of  adjustment;  a  small  wing-nut 
adjustment  is  necessary  only  once  in  about  2000  miles  of 
travel. 

R.  W.  A.  Brewer: — It  seems  to  me  that  an  engine  is 
for  propelling  a  car  and  that  a  brake  is  for  stopping  it. 
It  surely  is  within  the  province  of  the  engineer  to  design 
some  mechanism  that  will  operate  satisfactorily  for  the 
purpose  for  which  it  is  designed.  In  this  country  we 
are  more  familiar  with  the  type  of  brake  that  is  attached 
to  the  rear  wheels,  but  there  is  some  interest  now  in  the 
direction  of  a  proper  propeller-shaft  brake.  I  endorse 
what  Mr.  Unwell  has  said  about  the  propeller-shaft  brake. 
From  many  viewpoints  it  opens  possibilities  for  good  en- 
gineering design  that  cannot  be  attained  in  the  ordinary 
type  of  rear-wheel  brake.  To  mention  a  few  of  these 
points,  one  is  the  variable  amount  of  friction  that  cannot 
he  avoided  with  the  rear-wheel  type  of  brake.  This  fric- 
tion varies  with  weather  conditions.  For  example,  one 
cannot  depend  upon  getting  the  brake  into  effect  when 
the  brake-bands  become  wet.  Furthermore,  in  many  de- 
signs of  the  rear-wheel  type  of  brake,  the  adjustment 
and  consequently  the  braking  effort  vary  with  the  num- 
ber of  people  in  the  rear  end  of  the  car.  That  makes  it 
always  a  matter  of  more  or  less  uncertainty  how  the 
brakes  will  operate  in  an  emergency.  With  a  propeller- 
shaft  brake  those  conditions  do  not  obtain;  one  always 
has  the  same  coefficient  of  friction  on  the  brake-drum. 
In  many  designs  one  can  adjust  the  brake-drum  from  the 
driving-seat,  which  is  an  advantage  in  mountainous 
country. 

In  hilly  countries  the  problem  is  entirely  different  than 
in  the  major  portion  of  American  motoring,  but  we  must 
design  cars  for  any  sort  of  condition  that  reasonably  may 
be  expected.  One  cannot  say  that  because  90  per  cent  of 
the  cars  run  on  smooth,  level  roads  the  other  10  per  cent 


can  be  neglected.  During  four  years  of  driving  in  Cali- 
fornia I  used  four  different  cars  and  believe  that  not 
one  of  them  delivered  what  should  reasonably  be  expected 
from  a  reliable  braking  system.  ,The  brakes  could  not  be 
depended  upon  to  operate  through  a  day's  run  without 
cooling  them  in  a  stream  or  using  the  engine  as  a  brake. 
Aiting  as  referee  for  the  American  Automobile  Associa- 
tion Contest  Board  in  California  on  reliability  runs,  I 
have  penalized  the  drivers  in  many  cases  for  doing  the 
very  things  that  I  mention.  The  standard  cars  would 
not  negotiate  the  grades  met  in  an  ordinary  day's  run 
without  the  necessity  for  stopping  and  doing  something 
to  the  brakes. 

Sanford  Evans: — The  brake  is  primarily  a  means  of 
dissipating,  as  heat,  the  energy  that  is  stored  up  in  a 
car  when  it  has  gained  a  certain  momentum,  but  many 
braking  systems  seem  to  indicate  that  we  have  forgotten 
this.  Many  of  the  present  brakes  will  stop  a  car  readily 
enough  and  many  engineers  test  cars  on  the  basis  of  at- 
taining a  certain  speed,  applying  the  brakes  and  seeing 
how  quickly  they  will  stop  the  car.  It  appears  to  me  that 
the  reason  we  use  the  engine  as  a  brake  is  that  ordinary 
'brakes  will  not  withstand  the  constant  drag  that  obtains 
in  going  down  a  long  hill.  The  energy  stored  in  the  car 
requires  sufficient  heat-radiating  surface.  Almost  any 
brake-lining  will  overheat.  In  my  opinion,  it  injures 
an  engine  to  run  it  at  high  speed  when  driving  down-hill 
with  the  ignition  either  shut  off  or  on.  We  would  not 
open  the  throttle  when  the  car  is  standing  still  and  let 
the  engine  turn  over  at  1200  or  1500  r.p.m.  under  abso- 
lutely no  load.  I  believe  that  braking  with  the  engine 
causes  even  more  harm  than  idling  the  engine  at  a  high 
speed.  If  the  transmission  brake,  which  is  probably  the 
only  "equalizer"  that  approaches  perfect  equalization,  can 
be  designed  to  radiate  the  heat  that  must  be  dissipated 
through  the  brake,  it  is  a  promising  medium  of  experi- 
ment. 

H.  M.  Crane:— Mr.  Schipper  reproduced  in  Fig.  25  of 
his  paper  a  brake  design  that  we  recently  developed,  and 
I  wish  to  explain  the  principles  upon  which  this  brake 
design  was  evolved. 

For  a  smooth-acting  friction-device  of  any  kind,  the 
thing  of  greatest  importance  is  low  unit-pressure.  That 
is  attained  in  a  variety  of  ways,  such  as  having  large 
areas  or  having  the  areas  traversed  at  high  speed.  That 
is  an  advantage  obtained  with  the  transmission  brake 
that  operates  on  American  cars,  at  from  3%  to  5  times 
the  speed  of  a  rear-wheel  brake.  It  is  attained  also  by 
being  certain  that  the  apparent  pressure  is  uniformly 
distributed  over  all  the  braking  surface.  That  is  one  of 
the  most  important  considerations  and  it  is  where  the 
shoe  type  of  brake  invariably  fails.  It  is  a  place  also 
where  many  of  the  band  brakes  fail,  due  to  a  design  of 
anchorage,  that  causes  a  wedging  at  the  anchorage,  or  to 
a  design  that  creates  excessive  pressures  at  the  point 
where  the  bands  take  hold. 

On  the  service  brake  we  have  only  4  to  5  in.  of  pedal 
motion  with  which  to  work.  If  we  use  more  pedal  travel, 
the  car  becomes  uncomfortable  to  drive.  We  also  have 
a  limiting  pressure.  We  are  limited  to  a  pressure  that 
can  be  applied  by  a  driver  comfortably.  Many  drivers 
are  women  who  are  neither  heavy  in  weight  nor  powerful 
in  muscle.  We  must  see  that  this  4  to  5  in.  of  pedal 
motion  is  transferred  in  the  form  of  motion  and  multi- 
plied to  the  necessary  amount  at  the  friction  surfaces 
without  loss.  If  there  is  springing  of  the  parts  or  lost 
motion,  in  just  that  degree  we  are  reducing  the  possible 
multiplication  that  allows  the  use  of  a  low  pedal-pressure. 

On  the  transmission  brake  shown  in  Fig.  25  of  Mr. 
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'Schipper's  paper,  the  actual  figures  on  a  5500-lb.  car 
weighing  6000  lb.  with  a  normal  number  of  passengers 
show  that  it  will  slide  the  rear  wheels  of  the  car  with  less 
than  50-lb.  pressure  on  the  brake-pedal.  Part  of  this 
result  is  due  to  the  fact  that  the  entire  multiplication  is 
obtained  at  the  point  of  application  of  the  power,  so  that 
there  is  practically  no  strain  in  the  controlling  parts; 
part  is  because  the  rear-axle  ratio  is  4  to  1,  which  gives 
a  very  high  peripheral  speed  on  the  drum;  and  part  is 
for  the  reason  that  the  drums  in  question  on  this  trans- 
mission shaft  are  as  large  in  diameter  and  area  as  the 
rear-wheel  drums  on  many  American  cars  of  5  or  6  years 
ago.  They  are  not  so  large  in  diameter  as  some  rear- 
wheel  brakes  on  the  present  cars,  but  they  are  as  large  as 
one  can  locate  safely  under  the  floor  of  a  car,  and  that  is 
where  the  transmission  brake  must  go. 

As  a  designer  of  heavy  cars,  I  say  that  the  idea  that  a 
brake  can  be  or  should  be  designed  for  maximum  possible 
conditions  in  mountainous  countries  without  the  assist- 
ance of  the  engine  is  an  impossible  consideration.  With 
a  car  weighing  3  tons  in  its  running  condition  and 
figuring  the  amount  of  heat  that  must  be  dissipated,  the 
result  shows  immediately  that  no  size  of  drum  that  can 
be  placed  readily  in  the  car,  even  with  the  assistance  of 
water-cooling,  can  be  expected  to  take  care  of  the  braking 
requirements.  On  the  other  hand,  in  the  well-designed 
engine  we  have  everything  present  that  is  needed  to  make 
a  good  brake.  The  resistance  of  an  engine  turning  at 
high  speed  with  the  throttle  closed,  as  it  should  be  in 
braking,  is  very  largely  due  to  the  pumping  action  of  the 
cylinders.  In  other  words,  we  have  a  reversed  airbrake. 
We  have  an  efficient  oiling  system  taking  care  of  all  the 
moving  parts.  We  have  a  radiator  that  might  as  well  be 
used  and  that  would  otherwise  be  doing  nothing.  There 
is  no  question  that  this  can  be  done  with  impunity  in  a 
well-designed  engine.  I  have  records  of  cars  used  in 
Alpine  work  where  no  difficulties  of  any  kind  ensued 
when  using  the  engine  as  a  brake;  there  were  no  oiling 
troubles,  no  excessive  wear  and  no  troubles  of  any  other 
kind.  There  is  probably  enough  room  on  very  small 
cars  to  put  on  brakes  that  will  do  the  work. 

To  revert  to  the  small  amount  of  pedal  motion  avail- 
able, this  increases  very  greatly  the  efficiency  of  the 
transmission  brake  as  compared  to  rear-wheel  brakes 
because  one  deals  with  a  single  set  of  operating  parts 
and  not  two  sets.  The  multiplication  of  the  number  of 
operating  parts  means  more  lost  motion,  and  makes  it 
impossible  to  use  the  same  degree  of  multiplication  that 
one  would  use  on  a  single  set  of  parts.  To  go  further, 
I  call  attention  to  the  serious  effect  that  this  has  on  the 
attempt  to  use  four-wheel  brakes.  With  four-wheel 
brakes  it  is  almost  impossible  to  get  the  adjustments  such 
that  the  braking  system  is  really  efficient,  unless  this  is 
done  by  experts.  I  think  that  the  four-wheel  brake  is 
not  desirable  in  any  sense  for  the  average  man  and  that, 
in  the  main,  it  will  result  in  more  accidents  than  it  will 
ever  prevent. 

L.  F.  Howard: — -Recently,  we  have  developed  an  air- 
brake for  automobiles.  Will  Mr.  Schipper  give  his  rea- 
sons for  saying  that  "the  hydraulic  system  probably 
shows  the  greatest  promise  at  present  because  of  its 
simplicity  and  also  from  the  standpoint  of  perfect  equal- 
ization"? 

Four-Wheel  Brakes 

F.  S.  Duesenberg: — I  do  not  agree  with  Mr.  Crane 
that  four-wheel  brakes  might  be  the  cause  of  more  acci- 
dents. I  feel  that  a  four-wheel  brake  is  likely  to  avoid 
accidents,  provided  it  is  kept  reasonably  well  adjusted 
and  equalized. 


I  made  a  trip  about  2  years  ago  that  included  many 
hills  from  3  to  4  miles  long,  with  a  standard  car  having 
two  rear-wheel  brakes.  The  emergency  brake  had  an 
inner  and  an  outer  band.  In  going  down  hills  I  would 
use  one  brake  until  the  drum  was  red-hot;  then  I  would 
apply  the  other  brake  and  burn  that  lining.  When  I 
approached  the  bottom  of  the  hill  I  had  no  brakes  and, 
consequently,  I  used  the  engine  as  a  brake.  The  car  was 
not  in  the  best  of  condition,  but  the  trouble  was  that  a 
large  quantity  of  oil  was  pumped.  I  was  pretty  thor- 
oughly disgusted  with  the  two-wheel  brake.  When  we 
decided  to  adopt  the  four-wheel  brake,  the  first  trial  was 
made  on  those  same  hills.  In  going  down  we  found  that 
we  could  travel  at  any  desired  speed  and  when  we  reached 
the  foot  of  the  hill  the  brakes  were  no  hotter  than  would 
allow  one  to  hold  one's  hand  on  the  drums. 

We  are  using  drums  that  are  drop-forged  and  rather 
expensive  to  make.  We  rib  them  very  heavily.  In  that 
way  we  get  a  cooling  capacity  that  we  consider  is  10  to 
12  times  greater  than  one  can  possibly  get  on  a  two- 
wheel  brake  having  an  inner  and  an  outer  band;  with 
the  latter  type  one  cannot  get  rid  of  the  heat.  We  are 
using  a  hand-lever  with  the  propeller-shaft  brake,  but 
have  experienced  some  trouble.  We  did  not  realize  at 
first  how  great  the  pressures  and  service  are  that  are 
put  on  the  bearings  and  the  other  parts  that  are  con- 
nected to  the  propeller-shaft.  However,  after  the  test 
we  have  made  recently,  we  feel  satisfied  that  this  is  only 
a  point  of  minor  importance  and  easy  to  overcome. 

We  feel  that  we  can  stop  a  car  with  four-wheel  brakes 
in  practically  one-third  the  distance  required  with  a  two- 
wheel  brake.  That  is  true  particularly  on  slippery  pave- 
ment. Many  say  that  the  four-wheel  brake  should  give 
different  service  front  and  rear.  We  did  not  consider 
that  of  any  importance  at  first  but  after  experimenting 
decided  to  put  a  stiffer  spring  on  the  front  brakes  so 
that  the  rear  brakes  would  be  applied  first.  Since  we 
have  been  doing  that  there  has  been  absolutely  no  objec- 
tion to  the  braking. 

We  have  tried  the  transmission  brake  on  some  long 
hills.  Unless  one  uses  metal  lining,  which  I  think  is 
objectionable  in  most  cases  on  account  of  the  noise,  there 
is  a  considerable  tendency  toward  burning  if  one  uses  no 
other  brakes.  We  never  use  the  hand-brake  except  for 
locking  the  car.  Many  things  can  be  said  in  favor  of 
the  hydraulic  brake,  but  I  believe  that  a  mechanical 
brake,  properly  applied  and  possible  of  being  equalized 
easily,  should  be  about  as  satisfactory  as  a  hydraulic 
brake,  except  that  the  hydraulic  brake  eliminates  many 
moving  parts  and  lessens  the  chance  of  unequal  braking. 

Brake  Area  Formula 

E.  Favary: — The  practice  of  manufacturers  of  an- 
nouncing in  their  literature  that  their  cars  are  equipped 
with  a  certain  brake  area,  gives  no  indication  of  the  effi- 
ciency of  the  braking  system.  Unless  it  is  known  how 
far  this  brake  area  is  located  from  the  center  of  the 
wheel,  it  is  impossible  to  find  the  effort  required,  or  the 
necessary  pressure  between  the  brake-band  and  the  brake- 
lining  to  lock  the  wheels.  For  this  reason  I  think  that 
the  formula  for  finding  the  diameter  of  the  brake-drum, 
given  in  Mr.  Schipper's  paper,  is  of  little  value  to  the 
designer.  I  present  two  examples  to  show  how  mislead- 
ing any  formula  is  that  enables  us  to  find  only  the  brake 
area,  assuming  in  one  case  a  brake  width  of  1%  in-  and 
in  the  other  case  a  width  of  2%  in. 

With  a  brake  width  of  1%  in.  and  a  maximum  car- 
weight  of  4000  lb.,  we  have  according  to  Mr.  Schipper's 
formula. 
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i.i     -  (2  X  1.750)]+1.500  't   -J- ir  =  16.800  in. 

This  is  the  diameter  of  the  drum.  It"  the  brake  width 
5  in.,  the  drum  diameter  is  ll.it  in.  The  surface  area 
of  the  brake  is  approximately  90  sq.  in.  in  each  case, 
the  brake-drum  diameters  differ  greatly.  Assuming  the 
wheel  diameter  to  be  34  in.,  the  radius,  R,  then  being  17 
in.,  and  the  load  on  each  rear  wheel  to  be  1250  lb.,  when 
the  wheels  are  locked  there  is  a  pull  at  the  surface  of  the 
1250  x  0.6  750  lb.,  where  0.6  is  the  coefficient 
of  friction  between  the  tire  and  the  road  surface.  The 
torque  created  by  the  wheel  is  750ft  =  12,750  lb-in. 
To  find  the  force  required  at  the  periphery  of  the  brake- 
drum  to  lock  the  wheels,  the  torque  must  be  divided  by 
the  radius  of  the  brake-drum,  which  is  8.4  in.;  hence, 
this  force  is  1">14  lb.  If  the  coefficient  of  friction  be- 
tween the  brake-lining  and  the  brake-drum  is  0.25,  the 
normal  pressure  between  the  brake-drum  and  the  brake- 
lining  in  1514-^0.25  =  6056  lb.,  and  the  actual  pressure 
is  6056  -4-  90,  or  67  lb.  per  sq.  in.  approximately. 

In  the  second  ease,  where  the  brake-drum  diameter  is 
1 1.9  in.,  we  find  a  pressure  of  95  lb.  per  sq.  in.  between 
the  brake-lining  and  the  brake-drum  by  carrying  the 
calculations  through  in  the  same  manner.  This  is  almost 
50  per  cent  more  than  in  the  first  case,  while  the  radiat- 
ing surface,  that  of  the  flange  attached  to  the  wheel,  is 
smaller  by  j  0.7854  X  16.8:)  —  (.0.7854  X  H-9')]  =  HO 
sq.  in.  Hence,  the  lining  will  wear-out  sooner,  the  drum 
will  become  hot  more  readily  and,  if  the  operating  linkage 
is  the  same,  the  foot-pedal  pressure  would  need  to  be  50 
per  cent  greater  to  lock  the  wheels.  I  think  that  a  much 
better  indication  of  brake  efficiency  is  the  pressure  per 
square  inch  between  the  brake-lining  and  the  brake-drum 
that  is  required  to  lock  the  wheels  when  the  car  is  fully 
loaded  and  traveling  on  a  level  road. 

A.  M.  Wolf: — In  the  Saurer  construction  the  engine 
has  a  sliding  camshaft  that  alters  the  normal  operating 
cycle  of  the  engine  and  makes  it  more  efficient  for  braking 
purposes. 

At  the  end  of  Mr.  Schipper's  paper  reference  is  made  to 
motor-truck  brakes.  In  this  connection  I  firmly  believe 
that,  where  a  large  amount  of  energy  is  to  be  absorbed  in 
the  brake,  the  Mack  and  the  White  construction  of  mak- 
ing the  brake  a  separate  unit  is  very  commendable.  In 
this  way  the  brake  can  be  supported  adequately  at  each 
side  by  a  bearing  and  great  rigidity  secured,  which  is 
not  possible  in  the  ordinary  overhanging  propeller-shaft 
brake. 

On  some  cars  using  a  torque-tube  and  a  transmission 
brake  the  universal-joint  is  relieved  of  braking  stresses 
by  placing  the  brake  to  the  rear  of  the  joint,  supporting 
it  by  the  front  end  of  the  torque-tube  instead  of  by  the 
transmission. 

We  find  two  forms  of  construction  in  the  mounting  of 
the  brake-drum  on  the  rear-axle  hub.  I  believe  that  we 
should  mount  the  drum  adjacent  to  the  integral  flange 
on  the  hub  that,  necessarily,  must  be  toward  the  inside  in 
this  construction.  Where  the  flange  is  on  the  outside,  the 
drum  is  bolted  against  the  wooden  hub  of  the  wheel.  This 
cannot  be  relied  upon  for  such  accuracy  as  when  it  is 
mounted  adjacent  to  the  integral  flange. 


The  ordinary  stamped  brake-drum  is,  in  many  in- 
stances, kicking  i entricity,  which  of  course  pre- 
vents proper  brake  operation.  Sometimes  the  braking 
surfaces  of  the  drum  are  machined,  which  insures  proper 
operation.  Where  the  expense  is  permissible,  there  is  no 
doubt  that  the  best  construction  is  obtained  by  the  use 
of  the  forged  drum  with  radiating  ribs  on  the  exterior, 
which  stiffens  the  drum  at  the  same  time;  also,  the  brak- 
ing surface  can  lie  machined  or  ground. 

Mr.  Schipper's  paper  makes  no  mention  of  the  multiple- 
disc  type  of  brake,  such  as  was  introduced  by  Lanches- 
ter  in  England  and  by  .Met/,  and  Parker  in  this  Country. 
Sufficient  surface  is  obtained  easily  by  this  method,  and  I 
believe  it  has  great  possibilities.  Located  at  the  back  of 
the  transmission,  where  there  is  plenty  of  room,  and 
w/here  it  also  becomes  unsprung  weight,  this  construction 
should  make  an  ideal  service-brake. 

Care  should  be  used  in  the  lubrication  of  the  brake 
rigging.  The  practice  of  locating  grease-cups  where  they 
are  absolutely  inaccessible  should  be  replaced  by  other 
construction  such  as  the  use  of  self-lubricating  bearings. 

Two  other  methods  of  energy  absorption  have  been 
used.  These  are  the  Saurer  fan  brake  that  dissipates 
energy  in  a  similar  manner  to  that  of  a  fan  dynamometer, 
and  the  hydraulic  method  as  exemplified  by  a  construction 
in  which  the  constant-mesh  gears  of  the  transmission  are 
encased  so  as  to  form  a  gear  pump,  braking  being  secured 
by  a  valve  retarding  the  flow  of  oil  between  the  inlet  and 
outlet  of  the  pump. 

J.  E.  Schipper: — Mr.  Dod  spoke  of  the  greater  effi- 
ciency of  the  front-wheel  brake  when  four-wheel  brakes 
are  used.  The  efficiency  of  the  front-wheel  brake  is  not 
determined  exactly  by  the  division  of  weight  between  the 
front  and  rear  axles.  The  front-wheel  brake  has  the 
effect  of  the  forward  rotating  movement  in  addition  to 
the  weight  of  the  car.  This  tends  to  throw  the  car  over 
on  its  forward  end  when  the  front-wheel  brake  .is  ap- 
plied, and  that  is  a  very  considerable  factor.  In  a  number 
of  the  letters  received  on  four-wheel  braking  I  notice 
that  the  engineers  believe  that  the  front-wheel  brakes 
should  be  made  a  little  less  efficient  than  the  rear-wheel 
brakes  to  facilitate  steering.  It  is  noticeable  that  a  man 
who  is  accustomed  to  rear-wheel  brakes  alone  will  have 
trouble  in  steering  if  he  tries  to  apply  his  brakes  at  the 
time  he  is  rounding  a  corner,  as  he  would  do  when  operat- 
ing rear-wheel  brakes.  This  will  tend  to  throw  the  car 
into  a  kind  of  front-wheel  skid.  After  practice  he  will 
apply  his  four-wheel  brakes  before  he  reaches  a  curve. 

With  reference  to  Mr.  Evans'  remarks  on  using  the 
engine  as  a  brake,  how  many  of  us  would  like  to  drive 
our  cars  in  second  gear  at  the  rate  of  20  to  25  m.p.h. 
for  any  extended  length  of  time  without  something  to 
hold  the  transmission  from  jumping  out  of  the  chassis? 

In  answer  to  Mr.  Howard's  question  on  hydraulic  brakes 
as  compared  with  airbrakes,  I  might  amend  my  paper  to 
read,  "a  fluid  system,"  instead  of  "hydraulic,"  because 
the  principle  that  I  wanted  to  bring  out  applies  equally 
to  air,  water  or  oil.  I  wished  to  emphasize  that  in  a 
fluid  system  the  pressure  is  balanced  at  all  points  by  the 
very  nature  of  its  fluidity,  this  providing  equalization. 


DROP-FORGING  PRACTICE 


BY    J.    H.    NELSON 


THE  author  discusses  drop-forging  practice  from  the 
standpoint  of  the  materials  used,  and  strongly  ad- 
vocates a  more  rigid  inspection  and  testing  of  raw 
products  to  determine  their  fitness  for  use  in  making 
automatic  forgings. 


Seven  specific  possibilities  of  actual  difference  be- 
tween drop-forgings  that  are  apparently  identical  are 
stated,  the  requirements  of  the  inspection  of  raw  stock 
are  commented  upon,  and  the  heat-treatment  and  test- 
ing of  finished  forgings  are  considered  at  some  length. 
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Tabular  data  of  the  chemical  analyses  and  physical 
properties  of  107  different  heats  of  carbon-steel  used 
recently  are  presented  and  show  a  variation  in  draw- 
ing temperatures  of  140  deg.  fahr.  in  steels  of  practi- 
cally the  same  chemical  composition  to  meet  the  same 
physical-property  specification,  based  on  more  than 
1000  tests  on  this  grade  of  steel  taken  from  production 
stock.  The  concluding  summary  has  five  specific  divi- 
sions.—[Printed  in  the  March,  1922,  issue  of  The 
Journal.] 

THE  DISCUSSION 

J.  H.  Nelson  : — We  have  found  from  our  experience  in 
producing  quality  drop-forgings  that  it  is  not  safe  to  say 
that  all  steel  conforming  to  a  certain  chemical  specifi- 
cation will  respond  in  exactly  the  same  way  in  all  heats 
of  that  particular  grade.  In  fact,  we  have  found  from 
our  experience  that  the  result  is  contrary  to  that.  That 
a  steel  is  classed  as  a  0.40  to  0.50-per  cent  carbon-steel 
does  not  mean  that  a  melt  of  this  particular  steel  will 
respond  in  a  like  manner  to  one  from  the  next  shipment 
received  from  the  same  or  another  mill.  To  minimize 
our  losses  in  the  shop  and  give  our  customers  the  quality 
they  desire,  we  have  found  it  absolutely  necessary  to  in- 
spect very  closely  and  to  keep  segregated  throughout  the 
yard  and  shop,  every  melt  of  steel  that  is  received  from 
the  mill.  Within  the  last  year,  I  have  been  keeping 
accurate  records  of  our  operations  to  determine  exactly 
whether  our  losses  are  due  to  improper  heat-treatment 
or  whether  they  are  chargeable  to  the  steel.  I  have  com- 
piled the  information  given  in  this  paper  from  these 
records,  thinking  that  it  might  be  of  some  assistance  to 
others  who  find  their  heat-treatment  losses  running 
rather  high. 

The  two  causes  of  heat-treatment  losses  are  imperfect 
or  mixed  stock  and  imperfect  equipment.  We  are  satis- 
fied that,  while  our  heat-treating  equipment  is  not  per- 
fect, it  is  far  above  the  average  and  tests  made  on  pro- 
duction work  have  proved  that  with  a  uniform  heat  of 
steel  we  can  turn  out  a  uniform  product.  We  have  elimi- 
nated the  personal  equation  by  placing  our  furnaces 
under  automatic  control  so  that  the  over-running  of  heat 
is  eliminated.  Therefore,  to  study  these  losses,  we  have 
kept  accurate  records  of  the  Brinell-hardness  of  every 
piece  treated,  as  well  as  of  the  physical  tests  on  each 
furnace-charge.  From  these  I  have  compiled  the  results 
given  in  Table  1,  which  includes  107  different  melts  of 
steels  received  from  a  number  of  steel  mills.  I  have 
grouped  these  according  to  the  draw  heat  necessary  to 
meet  a  definite  specification.  We  have  found,  as  shown, 
that  in  order  to  minimize  our  losses  it  is  necessary  to 
draw  from  980  to  1120  deg.  fahr.  and  to  keep  within  the 
Brinell-hardness  limit  specified,  namely,  228  to  248.  To 
emphasize  that  more  forcefully,  Table  2  summarizes  the 
results  of  Table  1,  giving  the  average  of  both  the  chemi- 
cal and  physical  properties  of  the  different  groups  and 
showing  the  number  of  tests  made. 

Better  physical  properties  could  be  produced  on  these 
steels  if  we  were  allowed  a  higher  Brinell  hardness. 
However,  it  is  to  be  noted  that  the  average,  representing 
nearly  1100  tests,  gives  a  variation  between  the  maxi- 
mum and  the  minimum  elastic-limits  of  about  5000  lb. 
per  sq.  in.,  and  in  tensile-strength  a  difference  of  about 
6000  lb.  per  sq.  in.  This  is  conclusive  proof  that  the 
draw  heats  used  were  necessary  to  bring  these  steels  to 
the  common  basis.  It  is  also  to  be  noted  that  the  Brinell 
hardness  of  these  steels  is  very  close. 

This  demonstrates  clearly  the  dangers  of  attempting 
to  draw  conclusions  from  a  single  melt  of  steel.  If  some 
one  had  been  investigating  0.40  to  0.50-per  cent  carbon- 


steels  to  produce  certain  results  and  had  used  a  melt  of 
steel  from  Group  A,  his  conclusion  would  have  been  that 
980  deg.  fahr.  is  the  necessary  drawing  temperature  on. 
all  0.40  to  0.50-per  cent  carbon-steels  to  meet  this  definite 
specification.  If  another  investigator  had  been  using 
Group  H,  he  would  have  arrived  at  an  entirely  different 
conclusion  with  respect  to  draw  heats;  so,  in  discussing 
the  relative  values  of  steels,  to  my  mind  it  is  very  neces- 
sary that  a  large  number  of  different  heats  be  investi- 
gated, in  order  to  determine  the  average  condition  that 
can  be  obtained.  Nothing  of  conclusive  value  can  be  pro- 
duced from  a  few  tests  on  a  single  heat  or  melt. 

R.  H.  Sherry: — In  what  type  of  furnace  were  these 
draw  heats  made? 

Mr.  Nelson  : — In  an  under-fired  furnace. 

Mr.  Sherry: — In  drawing  hardened  pieces  of  the 
nature  of  crankshafts  we  have  got  away  from  some  of 
this  variation  in  Brinell  hardness  and  in  the  physical 
properties  of  the  same  type  of  steel  by  the  use  of  the 
lead  pot  on  a  large  scale,  one  from  6  to  7  ft.  long  and  20 
to  24  in.  wide.  Of  course,  we  do  have  the  variation  that 
Mr.  Nelson  mentions,  but  I  wonder  if  there  is  not  some 
further  chance  for  research  along  this  line  that  will  give 
a  direct  comparison.  These  data  are  very  valuable  from 
the  furnace  standpoint,  but  so  far  as  I  have  been  able  to 
ascertain,  it  is  very  difficult  to  obtain  a  uniform  draw  in 
the  several  varieties  of  furnaces  that  seem  to  be  uniform 
in  control.  By  the  use  of  the  lead  pot  with  its  exact 
temperatures,  in  the  case  of  heavy  pieces  using  two  pots 
and  carrying  from  one  to  the  other,  we  have  been  able  to 
hold  that  range  considerably  closer  than  I  notice  has 
been  done  in  this  particular  type  of  furnace.  Has  Mr. 
Nelson  had  experience  along  that  line  and  is  that  not  a 
factor  in  the  variation  of  the  figures? 

Mr.  Nelson: — I  am  a  firm  believer  in  the  physical 
properties,  including  Brinell  hardness  and  functions  of 
temperature,  rather  than  in  the  means  of  obtaining  that 
temperature.  To  my  mind  it  is  immaterial  whether  one 
uses  a  lead  pot,  or  an  electric,  gas,  oil  or  other  type  of 
furnace,  provided  one  produces  the  temperature  with 
which  one  is  working.  These  furnaces  are  balanced  very 
carefully  before  they  are  turned  over  for  production 
work.  They  are  balanced  by  using  pyrometers  that  have 
been  checked  accurately.  A  pyrometer  is  placed  in  each 
corner  of  the  furnace,  which  is  the  part  most  difficult  to 
heat,  and  also  in  the  front  and  in  the  rear  center  of  the 
furnace.  These  six  pyrometers  must  agree  within  5  deg. 
before  the  furnace  is  turned  over  to  production  work. 

In  our  control  we  have  furnaces  that  are-  run  by  two 
pyrometers;  one  in  the  front  center  and  one  in  the  rear 
center.  We  can  throw  our  control  instrument  on  either 
fire-end.  When  a  charge  is  pulled  and  a  new  charge  is 
put  into  the  furnace,  the  front  of  the  furnace  cools  down 
more  rapidly  than  the  rear  and  the  control  instrument  is 
thrown  on  the  rear  end  when  the  furnace  starts  up.  A 
two-point  recording  instrument  shows  a  slight  variation 
between  the  front  and  the  rear  until  the  desired  tem- 
perature is  reached,  after  which  the  two  fire-ends  run  a 
straight  line,  which  demonstrates  clearly  that  we  are 
actually  holding  to  the  temperatures  indicated. 

Mr.  Sherry: — I  realize  that  Mr.  Nelson  has  perfect 
control  in  those  furnaces  because  I  have  heard  much 
about  them  but,  regardless  of  pyrometer  control,  we  had 
an  experience  with  a  certain  type  of  furnace  that  was 
absolutely  uniform.  I  ran  it  with  six  or  seven  thermo- 
couples under  different  portions  of  the  furnace  and  yet 
obtained  variations.  There  are  other  factors  beside  pyro- 
metric  control.  For  instance,  with  two  large  sections 
piled  one  on  top  of  the  other,  which  sometimes  occurs,  it 
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takes  longer  to  heat  through  from  steel  to  Bteel  than  it 
does  to  heat  with  a  direct  application  of  the  heat  to  the 
surface  of  the  steel.  I  mention  this  as  being  possible.  I 
found  variations  in  the  very  best  types  of  furnace,  those 
having  the  most  uniformity. 

W.  F.  Graham  : — Without  questioning  the  accuracy  of 
the  control  that  Mr.  Nelson  mentions,  which  is  un- 
doubtedly very  good,  I  support  Mr.  Sherry  in  his  idea 
that  lead-pot  furnaces  do  give  a  remarkable  accuracy 
compared  with  any  other  type  in  which  the  heat  is  not 
conveyed  to  the  metal  by  molten  metal.  My  experience 
on  fairly  large  forgings  running  in  the  neighborhood  of 
0.35  or  0.45  per  cent  carbon  has  been  that  the  most  accur- 
ate results  are  obtained  when  those  forgings  are  quenched 
from  a  lead  pot  and  drawn  in  a  lead  pot.  The  more 
intimate  contact  of  the  heating  medium  with  the  work, 
particularly  when  it  is  put  through  in  a  commercial  way 
and  there  is  more  than  one  piece  in  the  pot,  gives  a  more 
uniform  hardness. 

Are  not  these  variations  that  Mr.  Nelson  mentions, 
ations  in  hardness  that  will  occur  unless  one  varies 
the  drawing  temperature,  a  function  of  the  carbon  and 
the  manganese-content  of  the  material?  With  both  the 
carbon  and  the  manganese  on  the  low  side  of  the  specifi- 
cation, one  cannot  expect  to  get  the  same  result  as  when 
one  has  them  both  on  the  high  side.  This  comes  back  to 
the  old  argument  that  is  advanced  for  a  five-point  range 
in  carbon,  which  we  know  is  practically  impossible  to  ob- 
tain on  a  commercial  scale  from  the  steel  companies;  in 
fact,  the  heats  will  not  run  as  uniformly  as  that  in  many 
cases.  My  experience  is  that  it  is  absolutely  necessary 
to  take  into  account  the  percentage  of  carbon  and  man- 
ganese, and  to  vary  the  drawing  temperatures  accord- 
ingly over  a  range  of  about  200  deg.  in  medium-carbon 
steels.  In  this  connection  I  have  found  that  on  hardened 
and  drawn  work  covering  the  range  of  S.A.E.  No.  1035 
steel,  at  about  0.30  per  cent  carbon  there  is  a  very  sharp 
drop  in  the  hardening  power.  If  the  steel  runs  a  little 
below  that  in  carbon,  with  the  manganese  down  fairly 
well,  one  cannot  expect  to  get  good  results.  One  prac- 
tically would  need  to  eliminate  the  draw  to  obtain  the 
average  specification  of  hardness  on  which  one  is  work- 
ing. 

With  the  S.A.E.  Standard  range  of  10  points  of  carbon 
and  the  manganese  from  0.50  to  0.80  per  cent,  although 
Mr.  Nelson  says  he  uses  a  manganese  range  of  0.60  to 
0.80  per  cent,  I  have  found  that  the  drawing  temperatures 
necessarily  will  be  varied  in  proportion  to  the  manganese 
and  carbon-contents  for  all  practical  purposes,  unless  the 
work  is  put  through  in  individual  heats,  which  is  the  de- 
sirable condition.  On  small  lots  I  have  made  it  a  prac- 
tice to  divide  the  work  into  three  classes;  to  take  a  0.30 
to  0.40-per  cent  carbon-steel  and  group  the  heat  into 
three  classes,  from  0.30  to  0.33,  from  0.33  to  0.37  and 
from  0.37  to  0.40  per  cent,  taking  into  account  the  man- 
ganese-content. How  does  that  correspond  with  Mr. 
Nelson's  idea  of  it? 

Mr.  Nelson: — The  chemical  composition  of  every  in- 
dividual heat  is  given  in  Table  1  of  my  paper.  In  Table 
2,  which  is  the  average  of  the  chemical  composition  in 
the  various  groups  as  well  as  of  the  physical  properties, 
we  find  the  variation  in  carbon-content  from  Groups  A 
to  H  to  be  0.43  to  0.47  per  cent.  The  averages  being  so 
close  must  mean  that  the  carbons  in  the  particular  group 
are  very  nearly  the  same  or  that  there  is  a  certain  pro- 
portion in  each  group  that  is  high  and  a  certain  propor- 
tion that  is  low,  to  give  us  the  same  average;  conse- 
quently, it  is  sufficient  to  examine  Table  2.  Hence,  we 
find  a  variation  in  carbon  from  0.43  to  0.47  per  cent. 


In  manganese,  we  find  a  greater  variation.  Group  A 
is  0.G-")  and  Group  H  is  0.77  per  cent  but,  if  we  eliminate 
Groups  A  and  H  and  compare  from  Groups  B  to  G,  we 
find  from  0.69  to  0.75  per  cent  is  t he  maximum  variation. 
The  fact  that  a  steel  is  analyzed  and  found  to  contain 
about  0.40  per  nut  carbon  and  another  contains  0.50  per 
cent  carbon  does  not  mean  at  all  that  the  one  which  con- 
tains 0.50  per  cent  carbon  will  require  a  higher  draw 
than  the  0.40-per  cent  carbon-steel. 

Mr.  Graham: — In  Table  2,  have  Groups  A  and  B  as 
compared  with  Groups  G  and  H  received  the  same  quench 
and  the  same  draw? 

Mb.  Nelson: — Groups  .1  and  B  have  received  the  same 
quench  but  Group  A  is  drawn  at  980  deg.  fahr. ;  Group  B 
is  drawn  at  1000  deg.  fahr.  to  meet  the  required  specifi- 
cations.   We  use  the  same  quench  on  all  these  steels. 

Mr.  Graham: — Is  that  a  standard  treatment  or  is  it 
varied  with  each  individual  heat? 

Mr.  Nelson: — We  investigate  every  individual  heat 
and  determine  what  heat-treatment  it  must  receive. 

Mr.  Graham  : — Then  this  is  really  an  average  of  the 
heat-treatments  as  well  as  an  average  of  the  other  results? 

Mr.  Nelson: — Group  A,  as  given  in  Table  2,  is  an 
average  of  six  different  heats  of  steel  in  Table  1.  All 
these  different  melts  of  steel  in  Table  1,  Group  A,  re- 
ceived a  980  deg.  fahr.  draw  to  comply  with  the  specifi- 
cations, and  so  on  throughout.  It  was  absolutely  neces- 
sary to  use  that  heat  because,  if  drawn  at  a  higher  or  a 
lower  heat,  one  would  lose  a  certain  percentage  of  the 
product.  This  is  the  best  average  heat  we  could  get  to 
maintain  a  minimum  loss. 

With  regard  to  Mr.  Sherry's  remarks,  we  do  not  pile 
materials  in  our  furnaces.  Materials  are  put  into  the 
furnace  in  an  orderly  manner  so  that  we  can  get  a  uni- 
form heat.  I  agree  with  him  that,  if  materials  are  piled 
in  a  furnace,  uniform  heating  is  difficult  to  attain.  Our 
furnace  charge  is  not  a  hit-or-miss  proposition;  it  is 
composed  of  crankshafts  of  the  same  kind.  One  row  is 
placed  across  the  hearth  of  the  furnace  in  the  rear  and 
another  across  the  hearth  of  the  furnace  in  front;  there 
is  no  piling. 

Mr.  Sherry:— That  particular  case  I  mentioned  was 
rather  a  form  of  illustration.  I  believe  that  if  one 
should  look  into  the  average  drawing  furnace,  where  the 
product  is  at  a  visible  red  heat  such  as  I  have  seen  on 
crankshafts  calling  for  higher  temperatures  on  the  draw 
heat,  even  with  the  best  regulation  one  would  see  some 
variation  in  the  color  indicating  a  variation  in  temper- 
ature, merely  from  a  slight  change  in  the  position  of  the 
shafts.  It  does,  happen.  On  the  Liberty-engine  crank- 
shaft, drawn  in  a  very  accurately  built  furnace  giving 
a  high  degree  of  heat  uniformity  and  held  under  thorough 
control,  it  was  found  necessary  to  run  many  through  a 
second  time. 

H.  J.  Stagg: — Mr.  Nelson  has  told  of  variations  that 
occur,  but  it  seems  that  these  variations  do  not  occur  in 
his  shop.  The  conclusions  that  the  steel  manufacturer 
must  reach  is  that  the  variations  are  due  to  manufacture. 
Has  Mr.  Nelson  any  thoughts  on  the  why  and  wherefore 
of  these  difficulties  he  has  pointed  out? 

Mr.  Nelson: — I  look  upon  steel  manufacturing  as  be- 
ing very  much  on  the  same  order  as  bread  baking;  that 
is,  the  chemistry  of  a  loaf  of  bread  may  be  perfect  but 
in  the  baking  of  that  loaf  of  bread,  if  the  heat  is  raised  a 
little  too  fast,  is  too  high  or  not  high  enough,  one  would 
not  get  good  bread.  In  the  same  way  I  believe  that  the 
matter  of  heating  and  other  things  in  furnace  control 
that  influence  the  making  of  a  heat  of  steel  have  a  de- 
cided effect  on  the  physical  properties  of  the  steel  pro- 
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duced.  We  will  occasionally  get  a  heat  of  0.40  to  0.50-per 
cent  carbon-steel  that  will  give  exceptionally  high  values. 
We  will  then  get  another  heat  of  steel  that  we  cannot 
use;  both  will  analyze  perfectly,  chemically.  Again,  we 
will  get  a  heat  of  a  0.30  to  0.40-per  cent  carbon-steel 
that  will  give  us  better  physical  properties  than  can  be 
produced  with  the  average  0.40  to  0.50-per  cent  carbon- 
steel.  But  it  has  so  happened,  I  believe,  that  there  was 
a  balanced  condition  in  the  furnace.  The  steel  manufac- 
turer probably  knows  just  what  that  balanced  condition 
is. 

Mr.  Stagg: — Has  Mr.  Nelson  been  able  to  detect  any 
difference  in  the  raw  materials  coming  from  the  mill; 
that  is,  any  physical  or  microscopic  difference  in  the 
material  with  which  he  started  that  would  enable  him  to 
predict  what  result  he  would  get,  what  the  material  would 
do?  One  must  be  able  to  tell  what  that  difference  is; 
things  are  not  so  intangible  that  we  cannot  determine 
them. 

Mr.  Nelson: — I  agree  with  Mr.  Stagg,  although  I  am 
not  ready  to  state  what  the  difficulty  is.  However,  I  am 
keeping  very  accurate  records  as  to  the  practice  of  the 
different  mills  in  addition  to  these  other  records.  We 
find  that  Mill  A  will  invariably  require  a  low  heat,  Mill  B 
will  require  a  high  heat  and  Mill  C  will  strike  a  middle 
point;  that  is,  for  the  same  identical  chemical  composi- 
tion, there  is  a  difference  in  the  practice  in  the  different 
mills  such  that  one  can  trace  them  in  that  way. 

C.  N.  Dawe: — With  regard  to  this  variation  that  Mr. 
Nelson  mentions,  I  note  that  his  Brinell  hardness  is  held 
to  about  10  points  in  all  these  tests;  in  some  classes  of 
our  work  we  allow  a  range  of  50  points  in  Brinell  hard- 
ness. If  we  decide  on  a  certain  draw  heat  for  a  particu- 
lar class  of  steel,  the  variation  in  the  Brinell  hardness 
may  be  as  stated ;  but,  if  we  tied  it  down  to  10  points, 
we  would  need  vary  our  draw  heats  too  much. 

In  answer  to  Mr.  Stagg,  I  would  say  that  I  have  seen 
a  heat  of  crankshaft  steel  that  had  the  proper  chemical 
composition  and,  so  far  as  we  could  find  out,  was  metal- 
lurgically  correct,  but  we  could  not  harden  it.  A  repre- 
sentative of  the  Carnegie  Steel  Co.  tried  two  or  three 
times  to  harden  these  crankshafts;  he  even  used  special 
care  to  pick  out  the  crankshafts  that  fell  midway  between 
the  limits,  but  we  could  not  harden  them.  The  company 
took  some  of  the  crankshafts  back  to  the  mill,  and  stated 
that  it  could  not  answer  the  question.  The  peculiar  thing 
about  it  is  that,  after  the  crankshafts  lay  around  the  yard 
for  a  number  of  months,  we  treated  them  and  they  came 
through  all  right.  Recently,  we  have  heard  of  the  season- 
ing of  forgings.  There  was  a  claim  current  that  by 
allowing  gear  forgings  to  season  for  a  certain  length  of 
time,  much  of  the  warpage  would  be  eliminated.  It  is 
logical  to  assume  such  a  thing.  I  can  vouch  pretty  well 
for  the  furnaces  that  we  ran  the  crankshafts  in  later; 
they  are  very  carefully  watched  and  checked.  Those  are 
the  facts  of  the  case.  The  point  I  was  trying  to  bring 
out  is  that  there  was  apparently  no  method  of  accounting 
for  the  action  of  this  particular  heat.  I  have  heard  of 
taking  heats  that  have  been  allowed  to  stand  in  the  open 
hearth  longer  than  they  ought  to ;  but  one  cannot  get  the 
results  out  of  those  particular  heats,  although  one  per- 
haps may  never  detect  it  in  the  analysis.  I  am  not  suffi- 
ciently informed  in  that  direction;  there  may  have  been 
something  of  that  nature  which  caused  it. 


Mr.  Sherry: — Did  Mr.  Dawe  use  oil  or  water  in 
quenching  crankshafts?  I  presume  Mr.  Nelson  used 
water. 

Mr.  Dawe: — We  used  temperatures  on  0.40-per  cent 
carbon-steel  from  1525  deg.  fahr.  up,  and  went  as  high 
as  1700  deg.  fahr.  to  harden  this  particular  heat  without 
success.  Water  was  used  as  a  quenching  medium  in  this 
particular  instance. 

Mr.  Sherry: — We  experienced  the  same  thing  in  that 
stock  and  found  later  that  we  could  put  it  through,  but  I 
believe  Mr.  Nelson  is  referring  to  current  practice  day 
in  and  day  out. 

Thomas  H.  Wickenden  : — I  had  a  similar  experience 
that  bears  Mr.  Nelson  out.  During  the  war  we  made  a 
large  quantity  of  road  track  links  for  tanks.  The  steel 
used  was  of  the  same  analysis  that  we  are  dealing  with 
here,  the  physical  properties  required  were  similar  and, 
if  I  recall  correctly,  the  Brinell-hardness  limits  were  the 
same.  The  lower  Brinell-hardness  limit  placed  on  it  by 
the  Government  inspector  was  228 ;  the  upper  limit  of 
248  was  placed  on  it  by  the  shop  to  eliminate  trouble  in 
machining.  Rockwell  furnaces  of  the  latest  design  were 
used  in  which  the  temperature  throughout  was  found  to 
be  very  even.  The  heats  were  controlled  by  pyrometers 
and  we  feel  reasonably  sure  that  our  temperature  read- 
ings were  accurate.  The  men  handling  these  furnaces 
are  doing  it  every  day  and  become  expert  at  it.  We  kept 
a  record  of  the  number  of  links  that  were  inspected  for 
Brinell  hardness  that  would  pass  within  the  specification 
the  first  time  and,  after  a  little  experience,  98  and  99  per 
cent  of  these  links  would  pass  inspection  with  one  draw- 
ing heat.  We  found  that  low  carbon  and  low  manganese 
will  explain  much  of  the  difference  required  in  drawing 
temperatures,  but  we  also  found  heats  with  exactly  the 
same  analysis  that  would  require  a  drawing  temperature 
perhaps  100-deg.  fahr.  higher  than  with  another  heat  of 
steel  to  secure  the  same  properties.  We  found  also  that, 
by  using  the  same  temperatures  on  batches  from  the 
same  heat,  we  duplicated  our  results  without  much  dif- 
ficulty. 

Mr.  Nelson: — I  wish  to  confirm  what  Mr.  Dawe  said 
with  regard  to  heats  that  are  wild.  We  find  those  occa- 
sionally, not  only  in  the  carbon-steel,  but  in  chrome- 
nickel  steel.  In  our  inspection  work  we  have  adopted  the 
practice  of  using  a  2V2-in.  coupon;  it  is  Brinelled  on  the 
outside  and,  when  the  coupon  is  split  to  cut  the  test- 
specimen,  it  is  also  Brinelled  on  the  center.  Thus,  a 
comparison  between  the  outside  and  the  center  Brinell- 
hardness  numbers  will  account  for  much  of  the  variation. 
In  other  words,  there  is  great  variation  in  the  hardening 
capacity  of  the  same  steels.  A  0.40  to  0.50-per  cent 
carbon-steel  may  harden  through  perfectly;  another  0.40 
to  0.50-per  cent  carbon-steel  may  have  very  imperfect 
hardening  capacity,  and  that  is  true  also  of  chrome- 
nickel  steels.  Usually,  a  chrome-nickel  steel  or  any  alloy- 
steel  2%  in.  in  diameter  will  harden  through  fairly  well. 
Occasionally,  we  get  heats  that  are  simply  impossible  to 
harden  except  to  perhaps  %  in.  depth;  inside  of  that  % 
in.  the  steel  is  perfectly  soft. 

Chairman  F.  P.  Gilligan: — The  foregoing  discussion 
shows  that  it  is  desirable  to  make  preliminary  tests  be- 
fore going  into  heavy  production  based  upon  such  physi- 
cal properties  as  may  be  published  for  the  purpose  of 
guidance  only. 


Vol.   \ 


May,  1928 


No.  ■'• 


DISCUSSION   OF   PAPERS  AT  THE    \\M   \l.   MEETING 


:?83 


SPECTROSCOPIC    INVESTIGATION    OF 

COMBUSTION 


INTER XAI 


BY  THOMAS   MIDC.LKY,   JR.,  AND  \V.    K.  GILKEY 


'T'HE  paper  is  designed  to  familiarize  automotive  en- 

1     -r,.i ra  with   the  general   subjecl    of  opy, 

pointing  out  the  various  methods  that  can  be  employed 
to  determine  the  actual  instantaneous  pressures  ob- 
tained in  normal  combustion,  the  temperature-time 
card  of  the  internal-combustion  engine  and  the  prog- 
ress of  the  chemical  reactions  involved  in  normal  and 
abnormal  combustion. 

The  subject  of  spectroscopy  is  outlined  and  explained, 
illustrations  being  presented  of  different  types  of  spec- 
tra, and  spectroscopes  and  their  principles  are  dis- 
cussed. 

The  remainder  of  the  paper  is  devoted  to  an  outline 
of  what  the  spectroscope  can  reveal  about  the  nature 
of  combustion.  [Printed  in  the  March,  1922,  issue  of 
Tut  Journal.] 

THE  DISCUSSION 

Thomas  Midgley,  Jr.: — In  our  mental  picture  we  al- 
ways have  imagined  that  the  high  pressure  area  of  the 
wave-front  of  detonation  was  a  hot  luminous  region; 
that,  necessarily,  high  pressures  were  in  regions  that 
were  hot,  consequently  luminous,  and  therefore  that  they 
could  be  studied  with  a  spectroscope.  The  spectroscope 
is  of  little  use  in  studying  cold  and  non-luminous  gases. 
Recently  we  have  done  some  work  which  seems  to  prove 
that  the  high-pressure  portion  of  the  wave-front  of  deto- 
nation is  actually  cold,  and  among  the  unburned  gases; 
that,  as  the  gases  burn,  the  pressure  drops.  This  con- 
clusion has  been  reached  mathematically.  The  spectro- 
scope will  give  negative  evidence  of  high  pressure  under 
these  conditions. 

Some  optical  indications  of  high  pressure  have  been 
obtained  in  our  attempts  to  measure  the  detonation 
pressures.  The  spectroscope  was  focused  to  give  the  two 
sodium  lines  of  normal  combustion  as  indicated  in  Fig.  5 
of  our  paper.  Photographs  were  taken  under  normal 
combustion  without  any  knock.  The  plate  when  devel- 
oped was  found  to  contain  two  very  black  lines.  The 
plate  then  was  remounted  in  precisely  the  same  position 
it  had  when  the  photograph  was  taken  and  a  micrometer 
screw  was  used  so  that  these  two  lines  might  be  shifted 
a  little  to  the  right  or  to  the  left.  The  engine  then  was 
set  to  knocking.  The  sodium  lines  immediately  broadened 
on  both  sides  of  the  two  black  lines.  The  broadening  of 
a  line  indicates  increase  of  partial  pressure.  The  shift- 
ing of  the  line  bodily  indicates  an  increase  of  total  pres- 
sure. These  are  facts.  But  we  did  not  see  that  the  line 
shifted  to  one  side  or  the  other;  it  simply  broadened. 
The  source  of  sodium  in  the  internal-combustion  engine 
is  simply  the  sodium  in  the  air.  We  could  not  use  addi- 
tional sodium. 

This  result  was  rather  disconcerting;  we  expected  the 
lines  to  shift  toward  the  red.  By  means  of  the  microm- 
eter screw  the  plate  was  moved  toward  the  right  and 
toward  the  left.  We  found  that,  while  the  lines  appar- 
ently widened  on  both  sides,  there  seemed  to  be  a  sharp 
position  toward  the  red  side  where  the  light  changed 
from  an  intense  yellow  to  just  a  dull  splash,  while  toward 
the  violet  position  this  did  not  appear  to  exist.  Assum- 
ing this  to  be  the  shifted  position,  calculations  show  that 
the  pressure  in  the  flame-front  of  detonation  was  either 
2960  lb.  per  sq.  in.,  plus  or  minus  200  lb.;  or  4660  lb. 


per  sq.  in.,  plus  or  minus  200  lb.  The  discrepancy  be- 
tween 2960  and  1660  lb,  per  sq.  in.  is  accounted  for  on 
two  assumptions:  either  that  the  line  is  narrow  or  that 
the  line  is  as  broad  as  the  original.  This  would  make  the 
difference.  We  felt  that  a  photograph  would  be  proof. 
To  get  the  photograph  it  was  necessary  to  use  a  strobo- 
scope in  connection  with  the  spectroscope,  and  to  show  a 
portion  of  the  line  in  synchronism  with  the  crank  angle. 

A  photograph  of  a  single  explosion  is  very  difficult  to 
secure.  The  width  of  the  slit  through  which  light  is  ad- 
mitted must  be  reduced  to  0.001  in.;  the  available  light, 
therefore,  comes  through  a  slit  0.500  in.  long  and  0.001 
in.  wide.  The  most  sensitive  film  we  could  get  required 
2000  such  explosions  to  give  results.  A  spectroscopic 
photograph  of  a  single  explosion  seems  within  the  realm 
of  possibility,  but  we  have  not  been  able  to  get  it  yet. 
Meanwhile,  we  shall  endeavor  to  show  that  the  high  pres- 
sure, as  indicated  by  the  spectroscope,  wall  be  less  than 
that  indicated  by  other  means.  This  will  prove  that  the 
high-pressure  portion  is  in  the  cold  part  of  the  charge. 

Spectroscopic  investigation  by  men  properly  qualified 
will  yield  an  enormous  amount  of  data  on  internal  com- 
bustion. This  paper  is  presented  rather  to  indicate  what 
things  might  be  found  out  with  proper  instruments  and 
methods  than  to  present  any  new  and  startling  facts. 

C.  S.  Pucker: — Were  panchromatic  or  the  ordinary 
type  of  photographic  films  used? 

Mr.  Midgley  :  —  The  films  were  panchromatic  when 
working  in  the  sodium  region,  because  ordinary  films  are 
not  sensitive  to  yellow  light.  Not  only  was  the  panchro- 
matic film  used  alone,  but  the  film  was  sensitized. 

C.  H.  Sharp: — I  question  whether  the  authors  have 
made  their  point  as  to  the  great  utility  of  the  spectro- 
scope in  the  study  of  these  problems.  Admittedly,  the 
pressure  effect  as  shown  by  the  spectroscope  is  very  in- 
definite. As  given  in  the  paper,  the  effect  of  12  atmos- 
pheres of  pressure  is  to  shift  a  line  about  0.1  of  an 
Angstrom  unit.  That  is  a  very  small  amount  and  very 
careful  comparison  would  be  required  to  determine  it. 
The  wave-length  of  sodium  light  being  about  5900  Ang- 
strom units,  a  shift  of  0.1  unit  is  about  1  part  in  59,000. 
A  very  powerful  and  well-constructed  spectroscope  would 
be  required  to  show  it  at  all,  and  evidently  nothing  very 
definite  along  those  lines  has  been  obtained. 

We  should  note  that  the  law  on  which  the  measure- 
ment of  temperature  as  made  by  the  authors  is  based  is 
itself  based  on  the  assumption  that  the  radiating  body  is 
a  black  body  or  a  complete  radiator.  When  a  deduction 
is  made  as  to  the  temperature  of  an  alcohol-air  explo- 
sion-flame on  the  basis  of  its  being  a  black  body,  it  seems 
to  me  that  we  are  straining  things  considerably.  An 
alcohol  flame,  which  may  be  different  under  high  com- 
pression, does  not  approach  being  a  black  body  in  the 
air;  in  fact,  it  is  scarcely  luminous  at  all.  With  a  flame 
containing  an  excess  of  carbon  like  an  ordinary  oil  or 
gasoline  flame,  we  have  conditions  which  approach  black- 
body  radiation.  This  displacement  law  may  be  applied 
in  this  way  but,  for  alcohol,  certainly,  the  results  ascer- 
tained would  hardly  prove  anything  one  way  or  another. 
Tn  that  case  the  radiation  would  be  largely  the  radiation 
of  water  vapor,  I  imagine.    We  know  that  water  vapor  is 
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a  fairly  good  radiator  in  the  infra-red  region,  and  very 
likely  it  is  the  superheated  steam  that  is  doing  a  large 
amount  of  this  radiation. 

Why  not  use  the  other  law  of  temperature  and  light, 
according  to  which  the  whiteness  of  the  light  emitted  in- 
creases with  an  increase  of  temperature?  By  putting 
a  stroboscopic  disc  in  front  of  the  window  and  comparing 
the  color  of  the  light  as  given  out  by  the  explosion  with 
the  color  of  the  light  of  an  incandescent  lamp  having  a 
rheostat  in  series  with  it  until  a  color  match  is  obtained. 
why  is  it  not  possible  to  get  a  measure  of  the  average 
temperature  of  the  exploding  gases  at  the  instant  the 
window  is  uncovered  by  the  stroboscopic  disc?  In  other 
lines  of  work,  we  know  that  a  very  close  comparison  can 
be  made  between  two  temperature  measurements  in  this 
way  when  the  radiating  body  is  a  black  body  or  a  gray 
body  that  is  not  a  selective  radiator.  Note  that  I  suggest 
a  "color"  match  and  not  a  "brightness"  match  as  in  or- 
dinary pyrometry.  I  think  that  the  difficulties  of  carry- 
ing out  this  method  would  be  far  less  than  those  of 
carrying  out  the  determination  of  the  position  of  the 
wave-length  of  maximum  radiation,  which,  after  all,  is 
not  a  very  definite  thing.  One  must  get  the  top  of  the 
curve,  and  it  is  more  or  less  flat-topped,  especially  in  the 
infra-red;  it  is  not  extremely  definite,  but  the  color  match 
is  a  reasonably  definite  thing  and  fairly  easy  to  make.  It 
might  very  well  be  applied  to  measurements  of  what  goes 
on  during  the  explosion  in  an  engine  cylinder. 

Mr.  Midgley: — I  think  we  do  not  differ  greatly  in 
opinion,  except  as  to  the  possible  value  of  continued  spec- 
troscopic work.  I  think  Mr.  Sharp  has  repeated  some  of 
the  limitations  I  put  upon  it.  On  the  other  hand,  except 
from  Henry  Lord  and  Prof.  A.  Trowbridge,  we  have  re- 
ceived nothing  but  discouragement  from  people  really 
qualified  to  carry  on  the  work.  Therefore  I  ask  the  mem- 
bers to  get  behind  and  push  forward  instead  of  getting 
in  front  and  pushing  backward. 

E.  R.  Hewitt  : — Has  it  occurred  to  Mr.  Midgley  to  sen- 
sitize his  film  in  lines,  each  line  being  sensitive  to  a 
certain  wave-length?  A  number  of  years  ago  Captain 
Abney  took  photographs  of  a  pot  of  boiling  water  in  a 
room  at  a  distance  of  10  ft.  without  difficulty,  and  the 
films  have  been  sensitized  from  the  temperature  of  boil- 
ing water.  It  would  be  possible  to  sensitize  a  film  in  a 
series  of  lines,  each  one  being  sensitive  to  some  definite 
temperature  or  some  particular  wave-length.  In  that 
way,  if  photographs  were  taken  as  has  been  described, 
one  would  get  a  series  of  bright  spots  on  the  film  sensi- 
tized for  the  particular  wave-length.  One  would  be  able 
to  form  a  very  good  opinion  without  the  use  of  any  other 
instrument,  lenses  or  prisms.  I  think  that  much  more 
accurate  results  could  be  obtained  in  this  way. 

Mr.  Midgley: — I  shall  be  glad  to  try  if  Mr.  Hewitt 
will  send  me  the  references  as  to  where  I  can  find  out 
just  how  to  do  it. 

A  Member: — We  ought  not  to  be  discouraged  because 


the  displacement  is  small.  I  discovered  a  man  in  Chi- 
cago who  could  divide  a  wave-length  of  green  light  into 
1,000,000  parts.  I  have  seen  those  parts  and  counted 
some  of  them.  So  I  think  Mr.  Midgley  is  right.  Possibly 
it  may  be  necessary  to  call  in  someone  else  to  help,  but 
he  is  well  within  the  range  of  measurement,  I  think, 
judging  also  from  the  wonderful  results  Dr.  Michaelson 
has  achieved  in  measuring  the  flexibility  of  the  earth's 
crust  and  in  his  complete  investigations  of  the  tides  in 
the  region  of  the  Great  Lakes. 

Mr.  Midgley: — There  should  be  no  difficulty  in  meas- 
uring 0.1  Angstrom  unit.  The  pressure  should  be  of  such 
magnitude  that  it  would  give  a  shift  of  3  Angstrom 
units.  Consequently,  0.1  Angstrom  unit  only  represents 
an  error  of  about  3  per  cent. 

J.  H.  Hunt  : — I  can  add  nothing  to  the  data  as  applied 
to  the  gasoline  engine,  but  it  is  worthwhile  to  call  atten- 
tion to  the  fact  that  Messrs.  Midgley  and  Gilkey  are 
really  starting  exploration  work. 

Scientists  can  raise  questions  as  to  the  possibilities  of 
this  work.  Two  classes  of  scientists  are  doing  a  great 
deal  of  work  with  spectroscopy.  One  group  is  using 
spectroscopic  methods  to  determine  phenomena  on  the 
sun  and  even  on  the  very  distant  stars,  in  the  case  of 
which  no  other  methods  are  available.  Another  group 
has  been  studying  the  relations  between  the  wave-lengths 
of  light  emitted  under  various  circumstances  by  sub- 
stances under  test  and  attempting  to  get  information 
from  the  relation  of  these  wave-lengths  that  will  tell 
them  what  the  actual  structure  may  be  in  the  atom 
emitting  the  light. 

There  has  not  been  very  much  work  in  spectroscopy 
along  lines  directly  applying  to  engineering.  It  will 
probably  result  that,  as  the  work  is  carried  farther,  Mr. 
Midgley  and  others  working  along  this  line  can  take 
definite  questions  to  the  experts  in  spectroscopy  for  them 
to  work  out.  Many  of  these  experts  would  be  just  as 
willing  to  work  on  a  question  in  spectroscopy  that  would 
have  engineering  applications  as  on  problems  they  are 
attacking.  There  are  many  able  workers  in  so-called 
pure  science  who  are  studying  problems  having  no  imme- 
diate application.  They  would  gladly  gather  information 
that  we  could  use  at  once  if  the  need  of  solving  these 
special  problems  were  brought  to  their  attention.  There- 
fore, I  think  that  this  exceedingly  interesting  work  will 
be  very  valuable  in  the  end,  because  it  will  bring  to  some 
of  these  scientists  questions  that  they  have  not  thought 
of,  the  answers  to  which  would  be  of  very  great  assist- 
ance to  us. 

Some  of  Mr.  Midgley's  work  on  the  anti-knock  com- 
pounds raised  questions  in  chemistry  that  the  chemists 
had  not  answered  but  were  of  great  interest  to  the  chem- 
ists. Encouraging  workers  in  pure  science  to  give  more 
attention  to  some  of  the  problems  having  a  direct  rela- 
tion to  everyday  engineering  work  will  contribute 
greatly  to  our  progress. 


CHROME-MOLYBDENUM-STEEL  APPLICATIONS 
FROM  THE  CONSUMER'S  VIEWPOINT 


BY  C.  N.  DA  WE 


THIS  paper  gives  a  plain  statement  of  facts  regard- 
ing the  application  of  chrome-molybdenum  steels, 
as  noted  by  a  large  manufacturer  of  automobiles,  more 
than  2000  tons  of  molybdenum  steels  of  various  com- 
positions having  been  consumed  in  tests  and  the  manu- 
facture of  all  the  important  steel  parts  such  as  trans- 


mission and  differential  gears,  rear-axle  shafts,  trans- 
mission shafts,  steering-knuckles,  steering-knuckle  pins, 
and  the  like.  The  data  of  an  extensive  set  of  physical 
tests  are  given,  comparing  medium-carbon,  chrome- 
molybdenum,  chrome-vanadium,  chrome-nickel  and 
chrome  steels,  and  the  results  are  expressed  by  means 
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of  a  merit  index,  taking:  into  consideration  yield-point, 

ultimate-strength,  elongation  and  reduction  of  area. 

The    case-hardening'    grades    of    steel    are    discussed, 

difficulties  that  were  encountered  in  the  use  of  the  low- 

K>n  chrome-molybdenum  steel  in  this  connection  be- 

ing  specified.     The   possibilities  of   nickel-molybdenum 

hardening   purposes   are  considered,   the 

results  so  far  indicating  that  it  is  a  strong  rival  of  low 

chrome-nickel  steel,  which  is  considered  the  best  steel 

al  case-hardening  at  present.     [Printed  in 

the  January,  1922,  issue  of  THE  Jul  knal.  ] 

THE  DISCUSSION 

R.  M.  Bird  : — In  the  comparative  tests  shown  Mr.  Dawe 
refers  to  chrome-nickel  steel;  the  analysis  that  he  gives 
corresponds  practically  to  that  of  steels  in  the  No.  3100 
grade.  Have  any  comparisons  been  made  on  the  basis  of 
the  No.  3200  grade? 

\\  Dawk: — No,  not  in  this  particular  test. 

R.  H.  Sherry  : — Has  Mr.  Dawe  tried  any  chrome-nickel 
steel  of  about  0.35  per  cent  carbon? 

Mk.  Dawe:— No,  not  in  this  test,  although  I  have  some 
information  on  the  subject. 

Mr.  Sherry: — I  ask  that  because,  as  a  rule,  if  one  runs 
below  0.30  per  cent  carbon  the  results  may  seem  to  be 
somewhat  misleading  in  regard  to  the  merit  index.  It 
might  be  worthwhile  to  carry  this  farther  with  0.35- 
per  cent  carbon  chrome-nickel  steel  for  comparison. 

Mr.  Dawe: — It  would  be  interesting  to  run  a  series 
of  tests  along  the  same  lines  as  given  in  this  paper  on 
the  different  compositions  of  chrome-nickel  steels.  How- 
ever, I  have  applied  this  formula  to  a  number  of  combi- 
nations of  physical  properties  obtained  by  others  with 
chrome-nickel  steels  of  both  the  No.  3200  and  the  No. 
3300  series  and  the  results  obtained  corroborate  certain 
conclusions  that  can  be  made  from  the  tests  given  here. 
These  results  indicate  that,  as  a  general  rule,  the  merit- 
index  number  increases  and  decreases  inversely  with  the 
Brinell  hardness.  To  compare  one  steel  with  another,  the 
merit-index  figures,  apparently,  must  be  compared  where 
the  hardness  of  both  is  relatively  the  same.  As  an  illus- 
tration, I  have  a  merit-index  figure  of  a  chrome-nickel 
steel  of  approximately  the  same  composition  as  the 
chrome-nickel  steel  used  in  this  test,  except  that  the 
carbon  is  0.35  per  cent  and  the  Brinell-hardness  number 
is  207.  This  should  be  compared  to  the  last  one  given  in 
Table  •>,  which  has  a  Brinell-hardness  number  average 
of  209.  The  0.35-per  cent  carbon-steel  has  a  merit  index 
of  95  as  against  73.4,  which  would  be  expected  because  of 
the  higher  carbon.  Likewise,  I  have  a  merit-index  num- 
ber of  88.3  for  a  0.24-per  cent  carbon,  3.19-per  cent 
nickel  and  a  1.01-per  cent  chrome  steel  of  a  Brinell-hard- 
ness number  of  248;  while  the  merit-index  number  of  the 
chrome-nickel  steel  used  in  this  test,  of  which  the  aver- 
age Brinell-hardness  number  is  254  as  appears  on  line 
No.  8  in  Table  3,  is  65.2.  According  to  our  theory,  the 
greater  merit-index  number  is  due  to  the  superior 
anal; 

A  peculiarity  I  have  noticed  is  that  a  No.  3300  series 
steel  in  the  neighborhood  of  0.25  per  cent  carbon  shows 
a  much  greater  merit-index  figure  than  a  No.  3300  series 
steel  in  the  neighborhood  of  0.35  to  0.40  per  cent  carbon, 
provided  both  have  approximately  the  same  Brinell  hard- 
ness. The  former  is  the  only  one  that  approaches  the 
results  obtained  with  chrome-molybdenum  or  chrome- 
vanadium  steels  in  this  test.  If  this  merit-index  formula 
means  anj  thing,  does  not  the  above  suggest  that  we  may 
have  overlooked  something? 

Mr.  S  merry: — We  made  a  few  tests  on  these  steels  and 
found  approximately  that,  if  we  had  about  0.28  to  0.30 


per  cent  molybdenum,  the  results  compared  very  closely 
with  those  of  the  chrome-nickel  steel  of  about  0.35  per 
cent  carbon.  The  nickel  and  chromium  contents  were 
a  little  higher  in  that  sample.  It  might  be  well  to  check 
that  also,  because  this  is  at  the  lower  end  of  that  No. 
3135  series. 

Mr.  Dawe: — Have  you  ever  applied  this  formula  to 
your  results? 

Mr.  Sherry: — No.  Some  other  factors  do  not  seem 
to  be  covered  by  the  merit  index.  There  are  steels  which 
had  a  rather  poor  merit  index  that  gave  good  results 
under  actual  production  tests;  and  steels  that  had  a  high 
merit  index  that  gave  poor  results. 

J.  H.  Nelson: — The  Brinell-hardness  value  of  these 
various  steels  would  add  considerable  value  to  this  tabu- 
lation. Surely  the  Brinell  hardness  of  chrome-molyb- 
denum steel,  having  an  elastic-limit  of  146,000  lb.  per 
sq.  in.  is  hardly  to  be  compared  with  that  of  steel  having 
an  elastic-limit  of  100,000  lb.  per  sq.  in. 

In  furnishing  forgings  to  customers  we  are  held  very 
closely  to  Brinell-hardness  tests.  It  seems  to  me  that  a 
fair  comparison  would  be  between  steels  having  the  same 
Brinell  hardness;  that  is,  it  matters  little  what  we  are 
able  to  produce  in  a  steel  with  regard  to  physical  prop- 
erties if  the  hardness  is  such  that  machining  is  out  of 
the  question.  We  must  deal  entirely  with  steels  that  will 
give  production  results.  Brinell  hardness  is  a  very  im- 
portant factor  in  the  consideration  of  these  results.  We 
agree  with  Mr.  Sherry  in  regard  to  the  particular 
chrome-nickel  steels  selected;  the  carbon  and  chromium 
contents  are  low.  If  the  chromium-content  of  this  steel 
were  raised,  as  well  as  the  carbon-content,  there  would 
be  no  difficulty  in  producing  the  same  result  as  shown 
with  the  chrome-molybdenum  steel  and,  as  we  find,  the 
same  Brinell  hardness;  but  the  Brinell  hardness  which 
we  are  allowed  to  use  is  such  that  the  full  physical 
properties  that  can  be  developed  are  not  available. 

With  regard  to  the  merit  index,  the  results  presented 
show  very  clearly  that  this  merit-index  equation  is  far 
from  satisfactory.  For  instance,  the  first  chrome-molyb- 
denum steel  given  in  Table  2  of  Mr.  Dawe's  paper,  having 
an  elastic-limit  of  146,850  lb.  per  sq.  in.  combined  with 
55.6  per  cent  reduction  in  area,  is  not  so  good  a  steel 
according  to  the  merit  index  as  the  first  one  reported 
in  Table  5,  which  is  a  chrome-molybdenum  steel  having 
an  elastic-limit  of  108,500  lb.  per  sq.  in.  and  a  62-per  cent 
reduction  in  area.  To  my  mind  the  steel  given  in  Table 
2  is  far  superior.  I  agree  thoroughly  with  Mr.  Dawe 
that  reduction  in  area  is  a  very  good  measure  of  ductility. 
A  steel  such  as  that  cited  in  Table  2  is  in  better  condition 
to  resist  stress  or  do  work  than  the  latter  steel  having 
a  merit  index  of  85.  This  clearly  shows  that  the  merit- 
index  equation  should  be  used  with  caution. 

I  cannot  agree  with  Mr.  Dawe  that  there  is  any  definite 
relation  between  contraction  and  impact  value.  That  is 
dependent  entirely  upon  the  particular  steel  with  which 
one  is  dealing.  One  may  have  a  chrome-nickel  steel  of 
high  elastic-limit  and  high  contraction,  but  exceedingly 
low  impact  value;  another  steel  of  identical  analysis  may 
produce  identical  physical  properties,  with  the  exception 
of  impact.  In  other  words,  one  may  have  a  steel  of  55 
or  60-per  cent  contraction  that  will  give  from  35  to 
60  ft-lb.  impact  value.  Another  steel  may  have  identical 
physical  properties  but  an  impact  value  of  about  4  ft-lb.; 
that  is,  the  relation  between  contraction  and  impact  de- 
pends entirely  upon  the  kind  of  steel  with  which  one  is 
dealing. 

.Mr.  Dawk: — I  have  tried  to  present  some  facts  regard- 
ing chrome-molybdenum  steel.     The  chrome-nickel  steel 
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listed  on  the  last  line  of  Table  3  of  my  paper  has  a  merit 
index  of  65.2;  the  average  Brinell  hardness  of  all  those 
tests  was  234.  The  chrome-molybdenum  steel  above  has 
a  merit  index  of  88.3;  the  average  Brinell  hardness  was 
244.  These  are  not  far  apart,  of  course,  and  two  or  three 
other  combinations  might  be  given. 

Regarding  Mr.  Nelson's  opinion  that  the  chrome- 
molybdenum  steel  in  Table  2  having  a  146,850-lb.  per  sq. 
in.  elastic-limit,  is  better  than  that  having  108,500-lb. 
per  sq.  in.  elastic-limit,  in  Table  5,  the  merit  index  of 
the  latter,  85.0,  is  considerably  over  the  merit  index  of 
the  former,  72.8.  Apparently  the  ratio  between  the 
toughness  and  the  elastic-limit  is  greater  in  one  case 
than  in  the  other. 

Mr.  Nelson  : — Table  2  of  Mr.  Dawe's  paper  does  not 
show  a  single  reduction  in  area  below  54.  If  we  compare 
the  merit  index  of  this  table  with  that  of  Table  5,  we 
find  that  the  latter  is  higher.  However,  I  prefer  every 
steel  given  in  Table  2  to  those  of  Table  5.  It  seems 
to  me  that  this  equation  must  be  improved  before  it 
will  give  a  real  merit  index  of  steels. 

Mr.  Dawe: — Regarding  impact,  my  conclusions  are 
based  upon  a  test  of  chrome-nickel  steel  and,  as  I  have 
said,  may  not  have  been  carried  far  enough,  although 
the  conclusions  are  made  on  pretty  good  authority.  The 
impact  tests  follow  the  reduction-of-area  values  pretty 
closely.  When  the  reduction  of  area  increases,  the  im- 
pact value  increases,  and  vice  versa.  I  made  some  impact 
tests  on  case-hardened  steel  that  indicate  the  above  con- 
clusions. 

Mr.  Nelson: — Mr.  Dawe  and  I  agree,  but  we  are  talk- 
ing about  different  things.  He  is  speaking,  I  believe, 
of  tests  he  made  on  steel  from  the  same  melt.  Un- 
doubtedly, in  the  case  of  steel  from  the  same  melt,  the 
greater  the  ductility  is,  the  greater  the  impact  values. 
I  referred  to  different  heats. 

We  have  made  many  hundreds  of  thousands  of  impact 
tests  and  not  yet  arrived  at  any  conclusion  as  to  their 
meaning,  but  we  have  found  that  the  method  of  making 
the  steel  is  a  large  factor  in  connection  with  impact  value; 
that  is,  we  have  yet  to  find  a  steel  made  by  a  basic  process, 
speaking  now  of  alloy-steels  and  particularly  of  chrome- 
nickel  steels,  that  has  a  poor  impact  value.  In  like 
manner  it  is  rare  to  find  a  steel  made  by  the  acid  process 
that  has  a  good  impact  value.  The  same  is  true  of 
carbon-steels,  but  in  the  reverse  order;  that  is,  we  find, 
as  a  general  rule,  that  we  get  better  impact  values  with 
a  0.40  to  0.50-per  cent  carbon-steel  made  by  the  acid 
process,  while  the  corresponding  values  with  basic- 
process  steel  are  decidedly  erratic  and  poor.  One  may 
get  an  impact  value  on  a  0.40  to  0.50-per  cent  carbon- 
steel  as  high  as  80  ft-lb.  but,  as  a  general  rule,  it  will 
be  about  8  ft-lb.;  consequently,  we  have  not  been  able 
to  correlate  the  impact  values  with  ductility  or  any  other 
physical  property. 

G.  L.  Norris: — Will  Mr.  Dawe  tell  us  whether  the 
tests  on  the  steels  reported  in  the  tables  were  made  on 
rolled  bars  in  all  cases,  as  in  Table  3  for  1-in.  rounds? 

Mr.  Dawe: — Except  for  a  few  tests  all  the  2-in.  square 
bars  were  rolled;  the  others  were  forged  from  2-in.  bars. 

.Mr.  Norris: — How  is  it  done? 

Mr.  Dawe: — On  a  small  hammer. 

.Mr.  Norris: — What  are  the  different  methods  of 
making  molybdenum  steel?  Is  it  ever  made  with  calcium- 
molybdenate?  Does  that  give  the  same  results  as  ferro- 
molybdenum  ? 

Mr.  Dawe: — I  cannot  answer  the  last  questions.  All 
the  steel  we  used  was  made  from  ferromolybdenum. 

George  William   Sargent: — Mr.   Dawe's  paper  pre- 


sents the  features  of  molybdenum  steels  from  a  viewpoint 
that  is  very  interesting  to  the  automotive  engineer  and, 
in  fact,  to  any  engineer  engaged  in  the  manufacture  of 
equipment  and  machines  in  which  steel  is  employed.  He 
represents  the  consumer  of  a  very  large  quantity  of  steel. 
The  automobile  is  subjected  to  very  severe  service;  it 
taxes  to  the  utmost  many  of  the  steel  parts  comprising 
it.  Hence,  the  suitability  of  the  molybdenum  steels  for 
automobile  parts  is  a  strong  recommendation.  The  old 
saying  regarding  the  pudding  is  the  basis  of  his  view- 
point. He  has  not  only  eaten,  but  taken  a  second  helping, 
perhaps  several  more.  I  refer  to  the  tables  showing  the 
quality  values  of  the  chrome-molybdenum  steels  in  com- 
parison with  other  alloy-steels  and  their  similarity  to 
quality-value  tables  previously  published. 

I  call  attention  to  Mr.  Dawe's  statement  regarding  the 
small  demand  for  a  steel  requiring  proper  and  satisfac- 
tory heat-treatment  through  a  wide  range  of  temperature. 
His  position  is  well  taken  in  view  of  the  modern  instru- 
ments for  controlling  heat-treatment.  But  the  automo- 
bile builder  does  not  handle  large  pieces  which  require 
huge  furnaces  and  quenching  baths,  where  a  wide  range 
of  temperature  becomes  very  important.  We  .are  at  the 
threshold  of  the  adoption  of  alloy-steels  for  huge  struc- 
tures, such  as  bridges,  the  parts  of  which  are  60  ft.  or 
more  in  length  and  correspondingly  large  in  other  dimen- 
sions. Furnaces  possessing  a  uniform  temperature 
throughout  and  capable  of  holding  such  pieces  are  costly 
and  difficult  to  build.  In  such  instances  molybdenum 
alloy-steels  show  to  advantage  through  having  a  wide 
heat-treating  temperature  range.  We  have  found  this 
feature  most  beneficial  in  making  large  rolling-mill  rolls, 
gun  tubes  and  other  forgings  and  castings.  Further- 
more, the  saying,  "There's  many  a  slip  'twixt  the  cup 
and  the  lip,"  is  all  too  true  in  heat-treated-steel  products, 
and  the  wider  heat-treating  ranges  permissible  with  these 
molybdenum  alloy-steels,  as  a  whole,  add  to  the  assurance 
of  the  quality  of  the  product. 

By  "cracker  shearing"  I  presume  Mr.  Dawe  refers'  to 
the  shearing  employed  on  drop  forgings  where  a  trimmer 
die  is  used  that  leaves  the  forging  with  a  flange  or  flash, 
or  in  some  cases  a  tear  extending  a  slight  distance  into 
the  body  of  the  forging.  Such  pieces  are  liable  to  develop 
hardening  cracks,  particularly  if  the  steel  contains  hard- 
ening elements  to  such  a  degree  that  it  hardens  too 
intensely.  Hence,  as  Mr.  Dawe  points  out,  there  is  need 
to  use  steel  containing  limited  amounts  of  carbon, 
chromium  and  molybdenum,  as  well  as  manganese,  phos- 
phorus and  sulphur,  in  such  forgings  as  are  to  be  heat- 
treated. 

Referring  to  case-hardening  grades,  chrome-molyb- 
denum steel  gives  a  very  tough  and  strong  core  with  a 
very  hard  case  when  heated  to  926  deg.  cent.  (1702  deg. 
fahr.)  and  quenched  in  oil  after  having  been  carbonized 
at  900  to  926  deg.  cent.  (1652  to  1702  deg.  fahr.).  When 
drawn  at  400  deg.  fahr.,  this  toughness  is  increased. 
The  high  temperature  employed  to  quench  increases 
warpage  and,  as  Mr.  Dawe  points  out,  is  commercially 
impractical  with  pieces  of  irregular  shape  and  non- 
uniform section,  such  as  gears.  It  is  presumed  that 
this  is  partly  on  account  of  the  injurious  effect  of  such 
high  temperatures  upon  the  metal  pots  containing  the 
lead  or  salt  baths. 

Nickel  lowers  the  Ac,  point  of  steel  and  this,  no  doubt, 
caused  Mr.  Dawe  to  turn  to  nickel-molybdenum  steel  in 
order  to  preserve  the  good  features  of  molybdenum.  I 
should  like  to  see  what  results  would  follow  the  use  of 
manganese  instead  of  nickel.  Its  effect  on  the  Ac3  point  is 
very  marked.     Molybdenum  has  a  counter  effect  to  that 
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of  manganese,  the  latter  tending  to  narrow  the  heal 
tment  range  and  increase  grain-growth,  producing 
brittleness.  Such  steel,  in  view  of  the  lower  cosi  of 
manganese,  would  be  less  expensive.  1  suggest  thai  the 
manganese  content  be  around  1.20  per  cenl  and  that  the 
quenching  medium  be  oil  or  warm  water. 

Mr.  Dawe  calls  attention  to  the  better  case-hardening 
properties  of  steel  containing  molybdenum,  and  sfc 
that  a  rolled  bar  carburized  and  quenched  in  oil  will  show 
greater  hardness  than  any  other  hot-rolled  steel  so 
ted.  Might  not  this  characteristic  ot'  the  molyb- 
denum steels  be  due  in  part  to  their  greater  freedom 
from  scale'.'  He  notes  that  they  forge  easily  and  that  the 
scale  formed  breaks  away  readily.  In  hot-rolling  also 
this  tendency  of  molybdenum  steel  to  tree  itself  from 
scale  is  marked,  and  cleaner  steel  would  carburize  n 
readily.  The  greater  hardness  of  molybdenum  chrome 
or  manganese  carbide  would  account  for  the  further  dif- 
ference in  hardnes>  noted.  This  feature  offers  a  field  for 
the  production  of  hot-rolled,  case-carburized  and  hard- 
ened parts  with  little  or  no  grinding  or  further  work. 
Such  parts,  when  used  in  crushers,  dredges,  conveying 
machinery  of  certain  types  and  coal-cutting  machines, 
and  in  fact  any  hot-rolled  steel  products  where  service 
ditions  require  a  hard  surface  to  resist  abrasion, 
would  be  improved  if  made  of  molybdenum  steel,  case- 
carburized  and  quenched. 

J.  D.  Cutter: — I  think  that  Mr.  Dawe  did  not  intend 
to  convey  the  idea  that  this  merit-index  formula  could  be 
used  as  an  absolute  standard  of  merit  to  be  applied  to 
comparing  any  two  sets  of  tests  without  regard  to  the 
conditions  under  which  the  tests  were  made.  Mr.  Nelson 
called  attention  to  the  fact  that  the  results  cited  at  the 
top  of  Table  2  would  be  preferred  to  those  at  the  top  of 
Table  5,  though  the  merit  index  of  the  former  is  lower 
than  that  of  the  latter.     I  think  that  all  will  agree  with 


him  in  that  statement.  The  tests  in  Table  5  were  made 
on  2-in.  square  sections  and  those  in  Table  2  on  "s-in. 
sections.  The  merit  index  cannot  be  used  to  compare 
sets  of  tests  made  under  such  dissimilar  conditions. 
However,  it  offers  figures  that  are  useful  in  comparing 
different  steels  when  broad  averages  are  taken.  I  believe 
that  in  the  average  curves  presented  by  Mr.  Dawe  in 
Fig.  1  of  his  paper,  the  sections  are  all  average  and  the 
drawing  temperatures  averaged  in  the  curves  in  Fig.  2, 
so  the  curves  have  much  merit  as  a  basis  of  comparison. 

So  far  as  my  experience  goes,  calcium  molybdenate 
can  be  used  in  the  manufacture  of  molybdenum  steel  with 
as  good  results  as  with  ferromolybdenum.  I  think  that 
no  steel  using  calcium  molybdenate  has  been  made  in  the 
last  18  months. 

Mr.  Sherry: — I  think  if  Mr.  Dawe  would  add  to  his 
paper  the  Brinell-hardness  numbers  that  he  obtained  with 
these  individual  tests,  they  would  be  of  considerable 
value.  We  found  there  was  considerable  variation  in  the 
Brinell  hardness. 

Mr.  Dawe: — The  average  Brinell  hardness  for  each 
set  of  tests  is  appended  herewith,  the  table  numbers  cor- 
responding, respectively,  with  those  given  in  the  paper. 

AVERAGE    BRINELL-HARDNESS    VALUES 


Grade  of  Steel 

Table  2 

Table  3 

Table  4 

Table 

Chrome  Molybdenum 

349 

336 

343 

288 

Chrome  Vanadium 

335 

324 

307 

286 

Chrome 

294 

291 

281 

256 

Chrome  Nickel 

286 

281 

284 

256 

Chrome  Molybdenum 

299 

277 

295 

281 

Chrome  Vanadium 

294 

289 

302 

289 

Chrome 

258 

243 

242 

220 

Chrome  Nickel 

270 

254 

255 

220 

Chrome  Molybdenum 

262 

244 

247 

263 

Chrome  Vanadium 

283 

236 

268 

259 

Chrome 

229 

238 

229 

207 

Chrome  Nickel 

233 

234 

229 

209 

DEVELOPING  A  METHOD  FOR  TESTING 

BRAKE-LININGS 


BY    S.    VON    AMMON 


AS  a  result  of  the  general  policy  of  the  Motor  Trans- 
port Corps  to  standardize  the  materials  used  for 
automotive  vehicles  for  Army  Service,  in  cooperation 
with  the  Bureau  of  Standards,  the  Society  of  Automo- 
tive Engineers  and  the  automotive  industry,  the  Bureau 
of  Standards  has  been  engaged  for  some  time  in  de- 
veloping a  standard  method  for  testing  brake-linings. 
While  the  work  is  not  completed,  much  information 
has  been  gained.  This  paper  reports  the  progress  of 
the   work. 

The  equipment  developed  and  the  methods  used  for 
both  main  and  supplementary  tests  are  described.  In- 
formation is  given  regarding  the  coefficient  of  friction, 
as  influenced  by  various  factors.  The  endurance  test, 
showing  the  comparative  behavior  of  linings  under 
conditions  similar  to  those  of  severe  service,  is  believed 
to  be  satisfactory  as  developed.  Further  work  is  neces- 
-ary  before  recommending  the  conditions  for  the  other 
intended  to  determine  the  relative  endurance  under 
ordinary  or  light  service.  In  work  done  so  far  with  a 
cooled  drum  and  over  a  very  wide  range  of  power  ab- 
sorption and  speed,  difficulties  arising  from  the  accumu- 
lation in  the  lining  of  particles  of  steel  cut  from  the 
ilium  have  persisted.  Supplementary  tests  covering  the 
tendency  of  a  lining  to  stick  when  brakes  are  left 
applied  on  a  hot  drum,  and  to  ascertain  the  relative 
absorption    of   oil    and   water,   are   described.     The    in- 


fluence of  oil  and  water  on  the  coefficient  of  friction  is 
shown. — [Printed  in  the  March,  1922,  issue  of  The 
Journal.] 

THE  DISCUSSION 

A.  M.  Wolf: — Will  Mr.  von  Ammon  state  what  was 
observed  in  regard  to  the  brake-drums  insofar  as  abra- 
sion and  distortion  are  concerned?  Was  the  condition 
of  the  drum  surface  the  same  at  the  beginning  of  each 
test?  There  is  no  doubt  that  a  difference  might  result 
in  the  life  of  a  brake,  depending  on  the  type  and  material 
of  the  drum.  The  ordinary  soft-steel  stamped  drum 
would  be  at  a  disadvantage  compared  with  some  of  the 
machined  drop-forged  types. 

S.  von  Ammon: — The  drum  was  ground  after  each 
test  to  establish  a  smooth  working  surface  for  the  next 
test.  It  is  believed  that  the  type  and  material  of  the 
drum  may  have  a  marked  influence  on  the  life  of  the  lin- 
ing; and,  to  make  results  comparable,  the  drums  used 
should  be  closely  similar.  This  consideration  led  to  the 
adoption  of  the  standard  low-carbon-steel  drum  used.  It 
is  planned  to  investigate  later  the  influence  of  the  drum 
material. 

We  have  not  been  able  to  investigate  the  quality  of 


Vol.  X 


May,  1922 


No.  5 


888 


THE  JOURNAL  OF  THE  SOCEETY  OF  AUTOMOTIVE  ENGINEERS 


asbestos  or  impregnating  compounds.  It  has  been  neces- 
sary so  far  to  confine  our  work  to  developing  the  method 
of  testing. 

Any  operator,  using  for  the  first  time  a  new  type  of 
apparatus,  is  apt  to  encounter  difficulties.  The  following 
suggestions  may  prove  helpful  in  anticipating  them.  To 
reduce  vibration  the  brake-drum  should  run  true  and  its 
surface  should  be  smooth.  Before  using  a  new  drum  the 
scale  should  be  removed  and  after  each  test  the  drum 
should  be  ground  to  remove  any  deposit  and  to  provide 
a  smooth  surface  for  the  next  test.  This  grinding  we 
have  done  by  hand  with  a  piece  of  carborundum,  using 
proper  precautions.  The  samples  should  be  mounted  in 
their  proper  positions  in  the  flexible  steel  shoes,  and  have 
good  contact. 

To  reduce  as  much  as  possible  the  influence  of  uneven 
mounting  of  the  sample  on  the  wear  factor,  we  sub- 
jected the  samples  to  an  initial  pressure  while  the  drum 
was  stationary  by  applying  a  150-lb.  tension  between 
the  pressure-arms.  This  was  measured  by  a  spring- 
balance.  After  a  few  minutes  this  pressure  was  re- 
leased; then  a  50-lb.  pressure  was  applied.  The  dis- 
tance C  between  the  marks  on  the  pressure-arms  was 
measured  and,  after  again  releasing  the  pressure,  the 
test  began.     Other  measurements  of  C  were  made  after 


each  stop,  the  pressure  during  the  run  being  entirely 
released  and  then  increased  again  to  50  lb.  The  daily 
test  was  discontinued  when,  near  the  regular  stopping 
time,  a  wear  of  C,  —  C,  =  1.25  in.,  or  approximately  that, 
indicated.  To  secure  accurate  data  on  the  minimum  value 
of  the  coefficient  of  friction,  readings  should  be  taken  at 
least  every  5  min.  during  the  early  part  of  the  run. 
Later,  when  variations  are  small  and  operation  is  smooth, 
readings  at  10-min.  intervals  are  usually  sufficient.  It 
is  well  to  check  the  spring-balance  occasionally  and,  when 
the  wear  of  the  pinion  and  rack  affects  the  readings,  to 
replace  them  by  spares,  which  may  be  obtained  from  the 
maker. 

As  a  few  machines  were  built  with  torque-arms  35  in. 
in  length  in  accordance  with  the  Bureau's  first  equip- 
ment, as  against  the  later  28-in.  arm,  it  may  be  well  to 
point  out  that,  for  6  hp.  at  600  r.p.m.,  the  force  acting  at 
the  end  of  the  torque-arm  designated  by  W  in  the  paper 
should  be  18  lb.  for  a  35-in.  arm  and  22.5  lb.  for  a  28-in. 
arm. 

The  reduced  heat  capacity  of  a  much  worn  drum  tends 
to  shorten  materially  the  life  of  the  lining  and  it  is  there- 
fore recommended  that  a  test  drum  be  discarded  when 
the  rim  has  been  worn  to  two-thirds  its  original  thick- 
ness, and  preferably  sooner. 


MANUFACTURE    AND    APPLICATION    OF 
AUTOMOBILE  VARNISHES  AND  PAINTS 


BY  L.  VALENTINE  PULSIFER 


DIVIDING  the  ability  of  an  automobile  finish  to 
remain  new  into  the  elements  of  proper  quality 
of  the  materials,  engineering  of  application  systems, 
methods  of  application  and  care  of  the  finish,  the  author 
states  that  the  responsibility  for  them  rests  jointly 
upon  the  manufacturer  of  the  varnishes  and  paints,  the 
builder  of  the  automobile  and  the  owner  of  the  finished 
product.  Five  basic  materials  that  are  necessary  in 
automobile  painting  are  specified  and  discussed. 

Engineering  systems  of  application  and  the  actual 
methods  of  application  are  treated  in  some  detail,  in- 
clusive of  drying,  and  of  surfacing  or  rubbing.  The 
care  of  the  finish  is  important  and  the  precautions 
necessary  in  this  regard  are  outlined.  The  paper 
deals  with  the  application  and  not  the  manufacture  of 
the  different  varnishes  and  paints  that  are  mentioned. 
— [Printed  in  the  January,  1922,  issue  of  The  Jour- 
nal.] 

THE  DISCUSSION 

L.  V.  Pulsifer: — I  will  supplement  my  paper  by  present- 
ing some  additional  data  on  the  materials  used  in  varnish 
manufacture,  the  engineering  of  an  automobile  painting 
system  and  methods   of  paint  and  varnish   application. 

To  many  persons  not  com'ersant  with  the  details  of 
scientific  varnish  manufacture  the  purchase  of  a  barrel 
of  oil,  a  case  of  gum,  a  keg  or  two  of  driers  and  a  drum 
of  spirits  of  turpentine  or  turpentine  substitute  and  their 
haphazard  combination  in  a  copper  kettle  probably  con- 
stitute their  idea  of  how  varnish  is  made.  The  condition 
indicated  existed  in  the  old  days  when  the  itinerant  var- 
nish-maker went  from  one  carriage-shop  to  another  with 
his  little  stock  of  materials  and  primitive  apparatus  and 
made  several  months'  stock  of  varnish  on  the  job. 

As  an  illustration  of  how  the  industry  has  progressed 
from  its  primitive  beginning,  I  will  discuss  three  sets  of 
materials. 

The    first    set    includes    typical    driers    and   thinners: 


namely,  litharge,  red  lead,  cobalt  acetate  and  manganese 
borate,  compounds  of  the  three  metals  commonly  used  as 
driers  or  catalyzers  for  oleo-resinous  varnishes ;  also,  re- 
distilled spirits  of  turpentine  and  a  highly  refined  special 
fraction  of  volatile  mineral  hydrocarbon  used  at  times  in 
conjunction  with  spirits  of  turpentine  to  obtain  differing 
rates  of  thinner  evaporation. 

The  second  set  includes  six  typical  gum  resins  that  are 
used  in  varnish  manufacture.  These  range  from  Batavia 
Damar,  that  is  used  in  making  varnish  which,  in  conjunc- 
tion with  zinc  oxide,  produces  the  whitest  of  interior 
enamels,  to  Egyptian  asphaltum,  the  highest  grade  of 
asphaltum  in  use  in  the  manufacture  of  various  types  of 
black  japans.  Other  typical  examples  are  Zanzibar  gum 
which  50  to  75  years  ago  was  the  standard  for  high- 
grade  varnish,  Kauri  gum,  black  Kauri  gum  and  Congo 
gum,  the  last  being  a  fossil  resin  from  the  region  of  the 
Congo  in  Africa. 

The  third  set  includes  eight  examples.  First  comes 
the  flaxseed  as  it  reaches  the  oil  refiner;  before  dirt, 
straw,  foreign  seeds  and  the  like  have  been  removed. 
The  second  is  the  raw  linseed-oil  as  it  reaches  the  var- 
nish manufacturer,  still  cloudy  from  suspended  "foots." 
The  third  stage  is  the  same  raw  oil  after  it  has  been  set- 
tled clear  in  aging  tanks,  a  process  requiring  several 
months.  This  settled  oil  is  then  refined  by  using  either 
acids  or  alkalis,  depending  upon  what  use  is  to  be  made 
of  the  oil.  Fourth  comes  the  refined  oil.  The  refining 
process  is  necessary  to  remove  the  "break,"  such  as  the 
mucilaginous  matter  and  various  earth  salts,  that  would 
otherwise  become  separated  when  the  oil  was  heated  for 
conversion  into  varnish  oil.  The  fifth  step  in  the  process 
is  this  refined  oil  after  it  has  been  bleached  by  rapidly 
heating  it  to  about  560  deg.  fahr.  After  other  impurities 
have  been  removed  by  chilling  the  oil  to  20  deg.  fahr.  it 
is  known  as  bleached  oil.     The  oil  is  bodied  by  again 
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heating  it  to  about  560  deg.  Eahr.  and  holding  it  at  Hint 
temperature  for  from  5  to  6  hr.  The  oil  has  then  about 
the  viscosity  of  chemically  pure  glycerine,  and  is  ready  to 
be  made  into  varnish.  A  quicker  and  cheaper  process  of 
bodying  the  oil,  by  blowing  air  through  it  while  hot  but 
using  a  much  lower  temperature  than  560  deg.  fahr.,  pro- 
duces what  is  known  as  "blown  oil."  While  this  pro 
saves  time  and  cuts  down  the  "cooking  loss"  on  the  oil  to 
almost  nothing,  its  use  in  varnishes  tends  to  cause  prema- 
ture deadening  or  dulling.  The  final  step  of  the  process 
gives  the  completed  wearing  body  varnish,  the  time  con- 
sumed in  its  production  from  the  arrival  of  the  raw 
linseed-oil  at  the  plant  to  the  final  testing  of  the  finished 
product  averaging  at  least  a  year.  When  it  is  consid- 
ered that  the  oil  is  tested  in  the  laboratory,  both  chemi- 
cally and  physically,  on  its  arrival  at  the  plant  and  at 
each  subsequent  stage  of  its  treatment,  the  above  outline 
will  indicate  the  work  necessary  to  be  done  on  only  one 
of  the  raw  materials  entering  into  the  production  of  high- 
grade  varnish. 

The  importance  of  the  above  procedure  was  illustrated 
in  a  panel  finished  with  two  body  varnishes  identical  in 
formula,  process  and  material,  with  the  single  exception 
that  one  contained  an  oil  properly  refined  and  treated 
and  the  other  an  oil  refined  in  such  a  manner  that  the 
flowing  qualities  of  the  oil  were  destroyed.  This  panel 
was  finished  in  a  vertical  position  by  working  and  brush- 
ing these  two  varnishes  in  exactly  the  same  manner  and 
finishing  with  a  horizontal  brush-stroke.  The  varnish 
made  with  the  properly  treated  oil  flowed  out  to  a  smooth 
even  surface;  but  the  other  varnish  presented  a  series  of 
bad  "sags"  or  "curtains"  and  in  places  showed  signs  of 
"silking." 

A  painting  system  can  bring  out  inherent  defects  of 
engineering  by  showing  the  relations  of  the  elasticity  of 
the  various  coats  to  each  other  and  to  the  completed 
system. 

In  Figs.  1  and  2  each  coat  is  represented  by  a  hori 
zontal  line  and  the  elasticities  of  the  various  materials  by 
the  length  of  the  lines.  The  ends  of  these  lines  are  con- 
nected by  a  line  representing  the  "elasticity  curve"  of  the 
system.  The  curve  should  be  a  smooth  one  as  is  brought 
out  in  Fig.  1,  which  shows  that  one  should  start  with  the 
primer  and  build  down  in  elasticity  to  the  flat  color,  and, 
starting  at  the  flat  color,  build  wp  gradually  in  elasticity 
to  the  finishing  coat.  If  the  materials  are  right,  such 
an  elasticity  curve  will  indicate  the  durability  and  safety 
of  the  completed  job. 

Fig.  2  shows  a  system  where  the  engineering  was  not 
properly  done  and  was  an  actual  case  that  we  investi- 
gated. The  layout  was  plotted  approximately  from  the 
system  in  use.  There  was  a  good  primer,  the  "half-and- 
half"  and  roughstuff  were  right,  but  the  combination 
used  for  the  flat  color  was  too  elastic;  it  was  much  more 
elastic  than  any  of  the  rubbing  coats  that  followed.  Or- 
dinary japan  color  was  used  and  to  it  was  added  a  con- 
siderable ^mount  of  an  elastic  sealer  as  a  binder.  This 
sealer  was  a  material  of  high  elasticity  and  enough  of  it 
was  added  to  the  flat  color  to  make  the  flat  color  two  or 
three  times  as  elastic  as  the  subsequent  coats  of  rubbing 
varnish.  The  result  was  that  the  system  pulled  apart, 
due  to  the  too  elastic  intermediate  material.  The  fin- 
ishing coat  was  torn  and  went  to  pieces  in  about  one- 
third  the  normal  time  that  would  have  been  required  if 
the  flat  color  coat  had  been  of  proper  elasticity.  With  a 
"sandwich"  of  that  sort,  an  elastic  coat  between  two 
brittle  ones,  one  can  upset  the  curve  anywhere  and  cause 
trouble.  If  the  rubbing  coats  are  reversed,  placing  the 
least  elastic  one  on  top,  trouble  is  sure  to  appear  in  the 


-Proper  Corelation  op  Elasticity  in-  the  Various 
Coats  Is  Shown  in  This  Instance 

premature  breakdown  of  the  finish.  Figs.  1  and  2  show 
a  study  of  the  engineering  layout  of  a  foolproof  painting 
system  and  the  proper  information  as  to  the  elasticity  of 
the  various  coats. 

The  third  subject  is  one  of  considerable  importance  at 
present:  namely,  the  comparative  results  obtained  by 
brushing  on  and  by  flow-coating  the  rubbing  and  finish- 
ing coats.  To  compare  results  and  show  in  figures  ex- 
actly what  takes  place  in  the  application  of  varnish  by 
these  two  methods,  the  four  glass  panels  shown  in  Fig.  3, 
each  2  ft.  square,  were  prepared.  Two  of  these  panels 
were  varnished  with  automobile  rubbing-varnish;  one 
by  flow-coating  the  rubbing  varnish  on,  and  the  other  by 
brushing,  by  a  good  brush-hand.  The  other  two  panels 
were  varnished  with  wearing  body-varnish;  one  by  flow- 
coating  and  the  other  by  brushing.  Glass  panels  were 
used  in  order  to  measure  the  thickness  of  the  dried  var- 
nish film,  which  was  done  in  the  following  manner.  A 
small  cut  was  made  in  the  varnish,  going  through  to  the 
surface  of  the  glass  underneath.  The  panel  was  then 
placed  under  a  microscope,  using  a  lens  magnifying  about 
500  diameters.  First,  the  surface  of  the  varnish  and 
then  the  surface  of  the  glass  were  brought  into  focus. 
The  difference  between  these  two  positions,  read  on  the 
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micrometer  adjustment  of  the  microscope,  gave  the  thick- 
ness of  the  varnish  film  at  that  particular  point  in 
microms.  When  it  is  remembered  that  25  microms  are 
equal  to  0.001  in.,  the  following  figures  read  from  the 
four  glass  panels  will  be  readily  understood.  The  figures 
for  the  upper  left-hand  panel  in  Fig.  3,  on  which  the 
rubbing  varnish  was  flow-coated,  are  as  follows:  The 
thickness  at  %  in.  from  the  top  edge  was  18  microms. 
About  3  in.  from  the  top  a  series  of  thickness  measure- 
ments across  the  panel  ran  22,  23,  23  and  23;  the  middle 
of  the  panel  gave  values  of  41  and  38;  3  in.  from  the 
bottom  showed  53,  54  and  52;  and  the  bottom  showed 
56  microms.  In  other  words,  the  rubbing  varnish  at  the 
bottom  was  practically  three  times  as  thick  as  at  the 
top.  It  was  too  thin  at  the  top  for  proper  rubbing  and 
much  too  thick  at  the  bottom  for  proper  hardening.  If 
two  or  three  similar  coats  were  flowed  on  and  the  panel 
were  finished  in  the  normal  way,  the  finish  would  begin 
to  "alligator"  from  the  bottom  of  the  panel  up;  great 
cracks  would  appear  at  the  bottom  where  the  rubbing 
varnish  was  too  thick.  Not  only  does  the  thickness  vary 
but,  when  one  section  of  a  panel  is  backed  up  with  black, 
marked  vertical  "silks"  will  show  in  the  rubbing  varnish 
when  the  latter  is  flow-coated  on. 

In  the  upper  right-hand  panel,  in  Fig.  3,  the  rubbing 
varnish  was  brushed-on  by  a  good  brush-hand  and  meas- 
urements similar  to  those  that  were  obtained  on  the  pre- 
vious panel  are  given.  In  this  case  the  thickness  %  in- 
from  the  top  is  25  microms,  or  about  0.001  in.,  which  is  a 
fairly  normal  thickness  for  a  rubbing  varnish.  At  3  in. 
down  it  was  24,  23,  31  and  27  microms.  In  the  middle 
it  showed  25  and  26  microms ;  3  in.  from  the  bottom  it 
showed  35,  35  and  34;  and  at  the  bottom  edge  where  the 
last  cross-stroke  of  the  brush  took  place  it  was  32 
microms.  This  gives  a  difference  of  from  25  to  32 
microms  between  the  top  and  the  bottom,  as  against  the 
difference  in  the  flowed-on  coated  panel  of  from  18  to  56 
microms. 

The  same  results  were  obtained  with  finishing  var- 
nish. The  micrometer  measurements  of  a  wearing  body 
varnish  flowed-on  to  a  duplicate  set  of  panels  to  the  two 
just  described  read  as  follows.  The  lower  left-hand  panel 
in  Fig.  3  showed  19  microms  at  the  top.  That  is  much 
too  thin  for  suitable  durability  of  the  finishing  coat  and, 
unfortunately,  it  comes  at  the  place  of  the  hardest  wear. 
In  other  words,  the  top  of  the  panel  gets  the  strongest 
sunlight,  the  worst  hand  abrasion  and  the  like.  Under 
the  flow-coat  method  the  varnish  is  the  thinnest  at  the 
top.  At  3  in.  down  it  showed,  28,  29  and  30;  in  the 
middle,  49  and  49;  3  in.  from  the  bottom,  56,  56  and  58; 
and  62  microms  at  the  bottom.  The  variation  in  the 
thickness  of  film  is  from  19  to  62  microms. 

The  lower  right-hand  panel  in  Fig.  3,  on  which  the 
wearing  body  varnish  was  brushed-on,  shows  a  measure- 
ment of  32  microms  at  the  top.  At  3  in.  down,  the  read- 
ings are  34,  36  and  38;  in  the  middle,  the  film  thickness 
is  41  and  40;  3  in.  from  the  bottom  the  measurements 
are  44,  43  and  42;  and  at  the  bottom  of  the  panel,  44 
microms.  Here  we  have  a  variation  of  only  12  microms, 
the  minimum  at  the  top  being  32  and  the  maximum  at 
the  bottom  44.  In  the  case  of  the  finishing  varnish  that 
was  flow-coated  on,  there  was  a  difference  of  43  microms, 
or  more  than  200  per  cent. 

It  is  well  known  that  a  uniform  film  is  highly  essential 
to  both  appearance  and  durability.  Other  things  being 
equal,  the  durability  of  the  final  coat  of  varnish  varies 
almost  directly  with  its  thickness.  In  other  words,  up 
to  a  point  where  it  is  not  too  thick  to  harden  properly. 
its  durability  would  vary  almost  directly  with  its  thick- 


ness. If  it  is  one-half  as  thick  as  it  should  be,  it  will  be 
only  one-half  as  durable.  The  fullness  of  the  finish  at 
the  top  of  the  panel  will  also  be  far  below  par,  as  the 
finishing  varnish  would  have  only  about  50  per  cent  of 
its  normal  thickness  at  that  point. 

I  hope  that  what  I  have  said  will  tend  to  start  a  more 
scientific  study  of  some  of  the  problems  I  have  outlined, 
on  the  part  of  the  automobile  builders,  and  that  it  will 
lead  to  greater  cooperation  between  the  makers  of  auto- 
mobile finishing  materials  and  those  who  use  them. 

W.  C.  Karns: — From  my  experience,  I  think  that  not 
enough  time  is  given  to  the  ground  coats  for  drying. 
The  color  coat,  which  is  generally  japan  color,  usually  is 
applied  as  a  base  coat  and  it  invariably  causes  trouble 
with  the  coats  that  are  applied  afterward.  By  eliminat- 
ing the  japan  color  coat,  which  I  find  can  be  done  by 
using  for  ground  work  practically  the  same  colors  as  one 
uses  for  the  finished  job,  a  more  durable  and  a  more  sub- 
stantial job  of  painting  is  produced  in  the  end.  Is  it 
considered  practicable  to  do  that?  I  have  done  it  with 
good  results  and  watched  it  very  carefully.  I  deem  the 
flat  color  coat  a  trouble  coat  in  most  painting. 

Mr.  Pulsifer: — There  is  confusion  of  terms  as  to  what 
the  color  coat  is.  Some  people  speak  of  flat  color,  others 
of  japan  color,  others  of  body  color  and  others  use  differ- 
ent names.  It  is  impossible  to  eliminate  the  color  coats 
for  the  reason  that  the  color  varnish,  as  a  rule,  does  not 
cover  solid ;  but,  the  fewer  the  number  of  flat  color  coats 
put  on,  the  better  it  is  and,  if  the  ground  work  can  be 
made  to  serve  the  purpose  of  completely  coloring  the 
body  so  that  the  next  coat  will  be  the  color  varnish,  pos- 
sible trouble  that  might  be  caused  by  piling  on  too  many 
coats  of  so-called  japan  color  or  ground  color  will  be 
eliminated.  Some  of  the  old  painting  systems  called  for 
a  coat  of  ground  color  and  two  coats  of  japan  color,  the 
ground  color  sometimes  being  a  color  of  similar  nature 
but  poorer  quality,  followed  by  two  coats  of  the  highest 
grade  of  japan  color,  and  then  by  color  varnish  and  a 
clear  rubbing  varnish.  With  most  colors  at  present  these 
color  coats  can  be  cut  down  to  one  or  at  most  two,  and  it 
is  highly  desirable  to  put  on  as  few  of  these  brittle  coats 
as  possible.  In  fact,  in  automobile  painting  it  is  just  as 
risky,  if  not  more  so,  to  put  on  too  many  coats  as  it  is 
to  use  too  few.  Some  of  the  mistakes  made  in  the  early 
days  of  automobile  painting  were  caused  by  piling  on 
too  many  coats.  The  painters  who  worked  on  an  auto- 
mobile body  did  not  realize  the  severe  vibrations  and 
strains  it  must  withstand,  these  being  much  greater  than 
those  on  any  coach,  carriage  or  railway  car.  An  ex- 
cessive thickness  of  paint  is  a  detriment  rather  than  an 
advantage;  therefore,  the  number  of  coats  has  been  re- 
duced gradually  since  the  early  days  of  automobile  body 
building.  That  tendency  has  been  increased  also  by  the 
adoption  of  metal  as  a  base  on  which  to  paint.  Mr. 
Karns  is  right  in  stating  that  the  japan  color  coat  or 
body  color  coat  can  be  a  source  of  trouble  if  it  is  put  on 
too  thick,  or  if  too  many  coats  of  it  are  used,  or,  if  a  coat 
is  used  that  is  not  of  the  proper  elasticity  to  correspond 
with  the  others.  The  color  coats  need  not,  however,  be 
"trouble  coats"  if  used  properly. 

A  japan  color  coat  should  be  so  thin  and  so  porous  that 
the  first  coat  of  color  will  strike  right  through  the  japan 
color  and  bind  it  to  the  surfacer  coats  underneath.  One 
can  put  a  japan  black  on  a  piece  of  glass,  for  instance, 
and  when  it  is  dry  put  a  coat  of  rubbing  varnish  over  the 
black.  If  the  glass  is  turned  over,  one  will  see  the  varnish 
come  right  through  the  black.  That  is  an  ideal  condition 
for  a  japan  color  coat.  If  that  coat  is  made  too  dense, 
too  thick  or  too  elastic,  in  attempting  to  make  the  job 
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durable,  the  "elaaticitj  curve"   --tern  is  upset,  aa  was 

shown    in    Fig.   2.      Also,   too   main    coal  -    of   the  same 
ticity  upset  a  system  of  painting.     There  should  be 
an  easy  curve  from  start  to  finish,  as  was  indicated  in 
Pig.  1. 

C.  S.  Richer: — How  does  Mr.  Pulsifer  determine  the 
elasticity  of  these  coats?  Bot  ran  we  get  a  more 
economical  dull  finish  such  as  is  being  talked  of  by  a 
number  of  advertising  men  at  present?  My  experience 
is  that  it  costs  more  to  put  on  a  dull  finish  that  will  last 
than  it  does  to  produce  a  high-gloss  finish  of  equal  dura- 
bility. What  effect  does  the  time  of  drying  have  on  the 
elasticity  and  the  durability?  We  are  all  interested  in 
getting  work  through  the  factory  aa  rapidly  aa  possible. 
The  problem  of  using  artificial  heat  to  assist  the  drying 
and  the  question  of  the  proper  degree  of  humidity  are 
things  we  would  like  to  know  more  about. 

Mr.   Pulsifer: — Mr.   Ricker   has   brought   up  several 
points  that  touch  on  the  present  rather  unsatisfactory 
state  of  the  finishing  of  automobiles.     One  is  that  the 
scientific  men  of  the  various  automotive  organizations 
pay  very  little  attention  to  the  finish.     They  have  made 
very'  little  attempt  to  find  out  why  certain  things  were 
true  and  why  certain  other  things  were  not  true.     Per- 
haps that  has  been  a  fault  of  the  varnish  manufacturers 
also.    With  regard  to  how  the  elasticity  of  these  various 
coats  is  determined,  the  elasticity  of  pigmented  coats  de- 
pends first  upon  the  elasticity  of  the  liquid  in  which  they 
are  ground  and  second  upon  the  amount  and  sometimes 
the  character  of  the  pigment  that  is  combined  with  the 
so-called  "wetting."     The  elasticity  of  each  material  can 
he  determined  readily  by  determining  the  elasticity  of 
the  wetting  itself,  and  then  by  figuring  the  amount  of 
pigment  that  is  added  to  it.     The  pigment  decreases  the 
elasticity  of  an  enamel  or  color  coat,  and  the  elasticity 
varies    with    the    type   of   varnish    used   as    a   grinding 
medium,  or  wetting.    As  to  the  clear  rubbing  and  finish- 
ing coats,  it  is  possible  to  determine  and  state  in  definite 
figures  the  elasticity  of  any  varnish  by  an  elasticity  re- 
duction test  that  I  devised  a  number  of  years  ago.    Dur- 
ing the  war  this  elasticity  reduction  test  was  used  by  the 
Government  to  determine  whether  a  varnish  was  elastic 
enough  for  airplane  use.    The  old  method  was  to  put  two 
or  three  coats  of  varnish  on  a  panel,  place  it  out  in  the 
weather  and  find  out  how  long  it  lasted  before  it  cracked. 
That  method  had  two  objections.    A  considerable  amount 
of  time  was  required  and  the  results  varied  at  least  100 
per  cent  on  account  of  the  difference  in  the  weather.     It 
is  possible  now  to  take  an  unknown  varnish  and  by  cut- 
ting down  its  elasticity  by  the  addition  of  "run"  Kauri 
gum,  which  is  gum  that  has  been  melted  and  reduced  to 
a  condition  to  make  varnish,  to  put  it  through  a  definite 
bending  test  on  metal  after  it  is  dry.    After  determining 
the  amount  of  run  Kauri  gum  that  one  must  add  to  bring 
the  sample  to  the  breaking  point  when  the  metal  panel 
coated  with  it  is  bent-double  rapidly,  one  can  figure  how 
elastic  it  was  at  the  start.    This  test  can  be  made  readily 
on  any  of  the  varnishes  used  in  making  these  automobile 
painting  materials.     An  engineer  who  is   interested   in 
finding  out  the  elasticity  of  the  various  coats  would  re- 
-t    the   varnish    maker   to    have   the   wetting   of   the 
primer,  the  roughstuff  and  the  color  varnish  furnished 
to  him  as  a  clear  liquid  on  which  to  make  these  tests. 
He  gets  the  finishing  varnish  in  a  clear  form,  of  course. 
and  can  make  that  test  very  readily  in  any  good  service 
laboratory. 

Artificial-Heat  Drying 
Very  often  a  car  is  designed  and  a  plant  is  built  be- 
fore painting  or  varnishing  is  considered  as  to  paint-shop 


equipment,  materials  or  production  schedule,  which  shows 
no  realization  of  the  problems  that  will  be  encountered. 
One  of  the  problems  is  that  of  the  use  of  heat  to  speed 
the  drying  process.  Heat  properly  used  is  highly  desir- 
able and,  under  modern  schedules  of  production,  it  is 
absolutely  necessary.  In  the  case  of  materials  such  as 
we  have  been  describing  we  do  not  mean  an  actual  baking 
when  we  mention  heat.  Actual  baking  is  used  only  in 
the  case  of  such  materials  aa  fender  blacks  where  a  tem- 
perature of  350  to  450  deg.  fahr.  is  used.  Those  are 
materials  that  would  never  air-dry  and  therefore  must 
be  baked.  With  materials  such  as  we  have  been  talking 
about  the  term  "forced  drying"  is  used;  this  means  to 
increase  the  speed  of  drying  by  the  addition  of  heat  to 
the  process.  The  heat  aids  the  chemical  action  of  the 
absorption  of  the  oxygen,  of  course,  and  the  drying  is 
consequently  more  rapid.  To  make  a  general  rule,  one 
should  use  less  heat  with  each  succeeding  coat,  from  the 
primer  to  the  last  coat  of  rubbing.  The  heat  for  the 
primer  should  not  run  over  150  to  175  deg.  fahr.,  and  it 
should  grade  down  to  110  to  125  deg.  fahr.  for  the  last 
coat  of  rubbing.  This  heat  must  be  applied  at  a  proper 
rate;  the  jobs  must  not  be  coated  and  rushed  right  into 
a  hot  oven.  There  must  be  the  proper  percentage  of 
moisture  in  the  oven  to  prevent  too  rapid  evaporation  of 
the  thinner  and  consequent  surface  hardening.  Too  high 
or  too  fast  a  heat  causes  surface  or  case-hardening.  The 
ideal  method  is  to  run  the  jobs  into  an  oven  at  the  room 
temperature  and  then  gradually  raise  the  heat  to  the 
proper  point.  When  it  comes  to  the  final  flowing  coat  of 
body  varnish,  there  is  little  to  be  gained  by  using  forced 
drying.  In  fact,  the  only  thing  it  does  is  to  dim  the 
luster.  The  body  varnish  can  be  made  to  dry  free  from 
dust  somewhat  more  rapidly  by  using  a  temperature  over 
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100  deg.  fahr.,  but  the  final  hardening  is  scarcely  assisted 
at  all  by  forced  drying.  It  is  just  about  as  dry  2  or  3 
days  after  it  is  applied  under  good  air-drying  conditions 
as  it  would  be  if  dried  on  the  first  day  up  to  110  or  120 
deg.  fahr.  By  heating  it  to  that  temperature  one  would 
get  a  thinner  and  less  brilliant  finish,  on  account  of  its 
great  fluidity  and  the  length  of  time  that  it  remains  in 
a  fluid  state  after  application  to  the  body. 

The  subject  of  dull  finish  arises  periodically.  The  de- 
sire for  dull  finish  comes  in  waves  and  a  wave  seems  to 
be  at  its  crest  now.  There  are  two  ways  of  producing  a 
dull  finish.  One  is  to  put  so  much  pigment  in  the  final 
coat  that  it  dries  flat.  The  particles  of  pigment  stick  up 
in  the  finish  and  cause  it  to  have  a  flat  appearance.  The 
other  method  is  to  finish  the  car  more  or  less  in  a  normal 
way,  and  rub  the  final  coat  flat  with  pumice-stone  flour 
and  water.  For  durability,  absence  of  spotting  and  good 
appearance  the  latter  method  is  to  be  recommended.  In 
that  case  a  rather  different  type  of  varnish  should  be 
used  on  the  body  than  is  applied  ordinarily.  A  varnish 
approaching  more  nearly  in  general  nature  to  chassis 
varnish  should  be  used  for  body  finishing,  because  it 
takes  a  rub  more  quickly  and  better.  Such  varnishes  can 
be  made  to  have  equal  or  greater  durability  than  the 
body  varnishes  themselves,  and  their  use  avoids  the  com- 
mon mistake  of  mixing  rubbing  varnish  with  the  finish- 
ing when  a  job  is  to  be  rubbed  flat.  The  method  of 
putting  enough  pigment  into  the  varnish  results  in  a 
ready-made  dull-finish  but  one  that  spots  readily.  This 
finish  must  be  wiped  off  and  polished  continually  with 
some  sort  of  oil,  to  keep  it  looking  well.  Clear  varnishes 
that  will  dry  dull  possess  no  durability. 

Moisture  Content  of  Wood5 

Cornelius  T.  Myers: — For  more  than  2  years  I  have 
been  engaged  with  one  division  of  our  industry  in  in- 
vestigating the  properties  of  wood;  in  particular,  wood 
used  in  wheels.  We  discovered  many  things  that  seemed 
not  to  be  recognized  generally,  even  by  those  who  make 
wood  wheels.  One  thing  was  the  protection  of  a  wood 
wheel  against  moisture.  It  is  essential  to  remember  that 
wood  changes  its  dimensions  when  it  absorbs  or  gives  up 
moisture.  Wood  is  a  hygroscopic  material  and,  with  a 
change  in  the  atmospheric  moisture,  a  change  in  the 
moisture-content  of  the  wood  takes  place.  Whenever  the 
moisture-content  increases,  the  dimensions  of  wood  in- 
crease, to  a  very  small  extent  and  very  slowly,  it  is  true, 
but  enough  to  affect  its  serviceability  in  time.  There  is 
very  little  increase  along  the  grain  of  the  wood,  that  is, 
in  the  direction  in  which  the  tree  grows,  but  wood  in- 
ci'eases  in  a  very  substantial  amount  in  the  two  other 
dimensions. 

Wheels  have  been  shipped  by  their  manufacturers  with 
what  was  called  a  coat  of  "primer."  No  one  seemed  to 
have  any  definite  idea  in  regard  to  what  a  priming  coat 
should  be.  When  shippers  were  in  a  hurry,  they  shipped 
wheels  without  any  primer  at  all.  The  man  who  got  the 
wheels  was  just  as  much  to  blame  as  the  man  who  sent 
them,  because  he  often  allowed  them  to  remain  in  the 
rain  or  snow  on  the  loading  dock  from  2  to  3  weeks.  If 
the  wheels  were  received  in  winter,  he  found  that  the 
moisture  accumulated  on  the  loading  dock  had  swelled 
those  wheels  to  such  an  extent  that  they  had  taken  a 
permanent  set.  When  they  went  into  the  warm  factory 
and  dried  out,  they  became  loose  in  the  arch  and  in  the 
felloe.  Their  usefulness  was  practically  destroyed  on 
account  of  the  permanent  set  at  the  first  swelling. 


■  This  discussion   is  a  combination   of  Mr.   Myers'   remarks  at   the 
Business  and  the  Body-Engineering   Sessions. 


We  conferred  with  the  paint  manufacturers  to  find  out 
how  they  met  this  problem  and  what  they  had  that 
actually  would  prevent  the  moisture  from  going  into  and 
coming  out  of  wood;  but  they  knew  practically  nothing 
about  it,  not  even  recognizing,  the  matter  as  a  problem. 
I  believe  that  hardly  a  single  paint  manufacturer  in  the 
Country  knew  exactly  what  to  do  to  wood  to  protect  it 
against  moisture. 

We  have  conducted  thousands  of  tests  within  the  past 
year  on  various  primers  to  ascertain  how  well  they  would 
protect  wood.  We  outlined  a  test  schedule  and  a  number 
of  paint  manufacturers  tried  it  out.  After  interviewing 
salesmen  and  others,  including  company  officials,  we  let 
them  test  out  what  they  said  was  the  right  paint.  In- 
variably the  regular  products  gave  poor  results  when 
tested.  One  paint  company  tested  three  of  its  regular 
mixtures;  one  was  very  poor,  another  gave  a  better  re- 
sult and  the  third  was  still  better.  By  modifying  a  few 
constituents  this  company  then  got  results  which  were 
over  five  times  as  good  as  the  previous  average,  insofar 
as  moisture  protection  was  concerned. 

Then  we  turned  to  the  Forest  Products  Laboratory,  at 
Madison,  Wis.  Its  representatives  reported  that  they 
had  investigated  the  subject  at  some  length  in  connection 
with  the  protection  of  airplane  propellers.  When  air- 
plane propellers  absorb  moisture  they  do  not  always  ab- 
sorb it  uniformly  and  become  unbalanced.  It  was  stated 
also  that  the  absorption  of  a  considerable  amount  of 
moisture  by  wood  impairs  its  strength,  which  is  a  very 
important  consideration.  The  Forest  Products  Labora- 
tory has  a  great  deal  of  information  on  wood,  and  is 
well  equipped  to  make  tests.  Those  interested  agreed 
that  this  laboratory  was  a  desirable  place  to  carry  on 
research  work  on  wood  preservation.  There  is  a  possi- 
bility of  eliminating  from  10  to  16  per  cent  of  the  $300,- 
000,000  national  paint  bill  per  year.  This  applies  not 
only  to  wheels,  but  to  passenger-car  and  motor-truck 
bodies,  body  structures  and  frames.  It  includes  also 
houses,  floors,  furniture  and  everything  made  of  wood 
and  subject  to  exposure  to  moisture.  Better  service  can 
be  secured  from  wood  that  is  protected  properly.  I  offer 
a  resolution  to  the  effect  that  the  subject  of  wood- 
preservation  research  be  brought  before  the  Council  of 
the  Society  and  that  the  Society  take  action  concerning 
it.  The  matter  involves  the  conservation  of  our  timber 
supply.  It  also  opens  up  fields  for  the  use  of  wood  be- 
yond any  conception  we  have  at  present,  airplane  con- 
struction included.  [The  resolution  offered  by  Mr.  Myers 
was  duly  seconded,  voted  upon  and  carried.] 

Mr.  Pulsifer: — During  the  war  this  subject  of  mois- 
ture absorption  through  various  types  of  paint  and  var- 
nish films  was  deemed  very  important,  especially  by  the 
Navy  in  its  work  in  the  construction  of  seaplanes.  It 
was  found  that  the  hulls  of  seaplanes  when  exposed  for 
a  comparatively  short  time  to  rain  or  seawater  some- 
times became  so  water-logged  that  they  could  not  fly  due 
to  the  increased  weight.  Therefore,  a  series  of  experi- 
ments was  conducted  at  the  Forest  Products  Laboratory 
on  the  moisture  absorption  through  various  types  of 
paint  and  varnish  films.  The  Navy  also  took  up  the 
matter  with  the  company  I  represent.  I  spent  almost  2 
years  in  research  work  on  the  absorption  and  dissemi- 
nation of  moisture  through  various  types  of  paint  and 
varnish  films.  We  have  records  covering  hundreds  of 
experiments  along  those  lines,  and  I  would  be  very  glad 
to  have  Mr.  Myers  see  them.  They  proved  that,  with 
similar  types  of  paint,  one  could  obtain  differences  in 
both  absorption  and  dissemination  up  to  400  and  500  per 
cent.     The  best  kinds  of  material  to  keep  moisture  out, 
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or  keep  it  in.  under  various  conditions,  were  investigated 
carefully  and  the  results  of  this  research  work  were 
turned  over  to  the  aircraft  division  of  the  Navy.  I  pre- 
sume that  anyone  interested  in  the  shrinkage  or  expan- 
sion of  wood  can  have  access  to  this  information. 

Some  wheels  are  shipped  with  no  surfacing;  others  are 
shipped  with  a  coat  of  what  might  be  called  a  primer; 
but,  in  most  cases,  the  latter  is  about  as  waterproof  as 
Hour  paste.  The  automobile  builder  who  thinks  at  all  of 
finish  apparently  thinks  last  of  the  finish  of  the  wheels, 
and  the  poorest  material  is  put  on  the  wheels.  No  at- 
tempt is  made  to  get  undercoats  that  are  elastic  enough 
to  stand  up  without  cracking  or  flaking  around  the  joints, 
or  varnish  that  is  waterproof  enough  to  prevent  the 
rapid  penetration  or  dissemination  of  moisture  into  and 
out  of  the  wood.  Mr.  Myers  apparently  did  not  consider 
the  varnish  manufacturers  as  a  possible  source  of  in- 
formation in  this  investigation.  He  may  have  been  bark- 
ing up  the  wrong  tree.  Much  information  is  already 
available  along  those  lines. 

P.  W.  Steinbeck: — What  would  the  effect  be  on  the 
finished  job  of  using  different  makes  of  material,  such 
as  the  primer,  roughstuff,  varnish  and  finishing  varnish, 
for  each  individual  coat? 

Mr.  Pulsifer: — The  result  might  be  a  perfectly  good 
job  or  a  thoroughly  bad  one.  A  bad  job  can  be  produced 
when  each  material  is  right  in  itself  but  not  suited  to 
the  others.  Unless  a  firm  has  an  engineering  laboratory 
in  which  the  various  materials  from  the  primer  to  finish- 
ing varnish  can  be  tested,  it  is  safer  to  rely  upon  some 
one  manufacturer  and  get  materials  suited  to  one  an- 
other. That  is  not  the  only  way,  but  it  is  by  far  the 
safest  way;  otherwise  the  result  might  be  either  good  or 
bad  and  no  individual  manufacturer  could  be  held  re- 
sponsible. His  material  might  be  right  and  so  might  the 
materials  of  others,  but  they  might  be  unsuited  to  one 
another. 

Mr.  Richer: — Did  Mr.  Pulsifer  say  that  the  body 
primer  is  not  waterproof  and  will  not  protect  the  metal 
from  rusting? 

Mr.  Pulsifer: — That  is  the  reverse  of  the  condition 
that  ought  to  exist.  The  porous  and  non-waterproof  coat 
of  the  system  should  be  the  flat  color.  It  is  essential  to 
have  the  primer  not  only  tough  and  elastic  but  as  water- 
proof as  possible,  especially  where  jobs  are  sometimes 
primed  and  allowed  to  stand  for  a  considerable  time  in 
the  priming  coat.  That  is  true,  not  only  of  wood  wheels, 
but  of  metal  bodies. 

A  Member: — Are  the  results  obtained  by  spraying 
varnish  the  same  as  those  obtained  by  flow-coating?  If 
not,  can  spraying  be  done  satisfactorily? 

Mr.  Pulsifer: — To  my  knowledge  the  spraying  of 
color  and  finishing  varnishes  has  never  been  done  satis- 
factorily. There  are  certain  objections  to  spraying.  Un- 
doubtedly one  could  spray  a  small  panel  and  get  a  much 
more  uniform  coat  than  by  flow-coating,  but  there  is 
great  difficulty  in  spraying  a  whole  body  with  varnish. 
The  spraying  system,  as  a  rule,  is  used  in  modern  shops 
for  every  coat  up  to  the  color  varnish.  It  is  an  excellent 
I'm  for  primers,  roughstuff  or  surfaces  and  flat  color. 
In  fact,  it  is  probably  the  best  way  to  put  those  coats  on. 
A  man  skilled  with  a  spray  gun  probably  can  get  fully  as 
uniform  a  coat  with  a  spray  as  the  best  brush-hand  can 
with  a  brush,  and  all  brush  marks  are  eliminated.  With 
the  color  and  the  finishing  varnishes  the  spray  has  been 
frequently  tried  but  without  success.  It  may  be  used  in 
what  might  l>e  called  a  semi-gloss  color-varnish  that  dries 
almost  flat,  but  the  results  do  not  appear  to  be  satisfac- 
tory   with    a    real   color-varnish.      The    best   method    of 


applying  the  real  color-varnish,  clear-rubbing  and 
finishing-varnish  coats  is  by  using  a  skilled  brush-hand. 

Mr.  Kakns: — Would  you  advise  the  use  of  more  than 
one  coat  of  clear  rubbing? 

Mr.  Pulsifer: — In  many  shops  one  coat  of  clear 
rubbing-varnish  would  be  an  advance  in  the  art.  As  a 
rule,  the  use  of  more  than  one  coat  of  clear  rubbing- 
varnish  is  not  advisable.  The  last  coat  of  color  varnish 
may  be  what  is  commonly  called  a  tint  coat,  containing 
very  little  of  the  color,  and  followed  by  a  coat  of  clear 
rubbing-varnish,  although  in  the  case  of  some  delicate 
tints,  some  color  often  is  carried  into  the  last  rubbing 
coat.  Blue  has  been  mentioned  as  a  popular  color.  It 
always  is  desirable  to  have  a  coat  of  clear  rubbing- 
varnish  on  top  of  the  blue,  because  blue  is  more  chemi- 
cally active  with  the  varnish  in  the  presence  of  moisture 
than  almost  any  other  color.  If  a  coat  of  clear  rubbing- 
varnish  were  put  on  top  of  the  last  blue  coat,  an  appre- 
ciable increase  in  the  durability  of  the  finish  would  re- 
sult, but  with  most  colors  it  is  not  advisable  even  to  con- 
sider more  than  one  coat  of  clear  rubbing-varnish.  Two 
coats  of  color  varnish,  then  two  coats  of  clear  rubbing- 
varnish,  would  build  up  to  excess  the  brittle-varnish  end 
of  the  painting  system. 

Chairman  E.  G.  Budd:—  Would  the  same  type  of 
primer  be  used  on  aluminum-finished  bodies  as  on  steel? 

Mr.  Pulsifer: — The  same  type  can  be  used  on 
aluminum  and  steel,  but  it  is  not  a  safe  rule  to  say  that 
it  should  be  used  always.  It  is  not  advisable  to  put  a 
primer  containing  white  lead  as  a  pigment  or  as  a 
hardener  on  aluminum.  If  white  lead  is  in  direct  con- 
tact with  metallic  aluminum,  rapid  destruction  of  the 
aluminum  will  occur  around  moldings  and  the  like,  where 
the  paint  films  become  split  and  the  moisture  gets  in. 
The  primer  coat  for  aluminum  should  not  contain  white 
lead.  With  that  reservation,  there  is  no  reason  the  same 
type  of  primer  should  not  be  used  on  aluminum  as  on 
steel. 

Chairman  Budd: — In  the  case  of  a  steel  body  having 
substantial  surfaces  of  solder,  how  would  the  same 
primer  be  affected  by  those  two  metals? 

Mr.  Pulsifer: — If  the  soldering  acid  is  removed  and 
the  surface  is  clean,  the  same  primer  will  do  for  both. 
On  bodies  having  a  bad  dent  that  has  been  built-up  with 
a  mass  of  solder,  the  paint  over  that  particular  surface 
may  crack,  due  to  the  different  rates  of  expansion  and 
contraction  of  the  solder  and  the  steel  under  changes  of 
temperature.  Their  coefficients  of  expansion  differ 
greatly. 

Chairman  Budd: — Is  not  the  cleaning  of  the  surface 
one  of  the  most  important  questions  in  proper  finishing? 

Mr.  Pulsifer: — Unless  the  surface  of  the  metal  is 
cleaned  properly,  one  cannot  obtain  a  good  finish,  no 
matter  how  excellent  the  quality  of  the  materials  or  the 
layout  of  the  system  may  be.  The  surfaces  must  be 
absolutely  clean,  free  from  grease,  rust,  soldering  acid 
or  moisture  of  any  sort.  During  rush  work  especially 
many  jobs  fail  because  of  greasy  fingermarks  on  the 
panels  before  priming;  acid  that  works  out  under  the 
moldings  and  other  places;  and  rushing  rusty  and  im- 
properly cleaned  bodies  from  the  storage  sheds  to  the 
priming  department.  Proper  cleaning  is  very  important. 
The  first  coat  of  material  must  be  put  on  a  surface  per- 
fectly prepared  to  receive  it;  otherwise  trouble  surely 
will  result. 

Mr.  Karns: — How  can  the  surface  of  galvanized  iron 
be  prepared  to  permit  a  durable  job  of  painting? 

Mr.  Pulsifer: — It  is  very  difficult  to  paint  galvanized 
iron  but,  if  the  surface  is  scrubbed  thoroughly  to  >-emove 
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any  acid  and  subsequently  cleaned  to  remove  any  grease, 
there  should  be  no  difficulty  in  painting  galvanized  iron 
after  a  suitable  primer  has  been  applied.  The  usual  diffi- 
culty with  galvanized-iron  painting  is  that  the  paint  used 
will  not  cling  to  the  galvanized  iron.  We  have  found 
that  the  same  type  of  waterproof  and  elastic  primer  used 
successfully  for  ordinary  automobile  painting  is  very 
successful  when  used  on  galvanized  iron,  even  for  ex- 
terior buildings,  provided  the  iron  has  been  thoroughly 
scrubbed.  The  best  acid  remover  is  a  good  scrub  with 
clean  water.  Benzol  or  something  of  that  sort  used 
afterward  will  remove  the  grease.  Benzol  is  better  than 
gasoline  for  washing  all  types  of  metal  surface  that  are 
to  be  finished,  because  present-day  gasoline  contains  a 
high  percentage  of  material  that  does  not  evaporate 
readily.  Benzol  can  be  obtained  at  very  little  more  ex- 
pense than  ordinary  gasoline;  it  cleans  more  quickly  and 
evaporates  completely.  Benzol  is  much  more  inflammable 
than  gasoline  and  its  one  bad  feature  is  that  it  increases 
the  fire  risk,  which  necessitates  strict  adherence  to  in- 
surance regulations. 

A  Member: — What  system  is  recommended  for  paint- 
ing light-tinted  or  gray  jobs  for  export  that  remain 
boxed  for  months  and  then  are  opened  and  probably 
handled  improperly?  We  have  had  considerable  trouble 
due  to  discoloration,  especially  with  grays,  on  portions 
of  the  body  such  as  the  hood  and  doors.  These  discolored 
in  different  degrees. 

Mr.  Pulsifer: — If  kept  in  the  dark,  any  of  the  var- 
nishes that  are  based  on  fixed  vegetable  oils  will  turn 
yellow  to  a  certain  extent  and  sometimes  to  a  very  great 
extent.  The  result  is  that  a  gray  job,  although  finished 
in  accordance  with  the  very  best  practice,  will  turn  yellow 
when  put  in  the  dark.  It  will  turn  yellow  to  a  degree 
determined  by  the  thickness  of  the  last  coat  of  clear 
varnish  on  top  of  the  gray.  With  such  a  panel  as  that 
exhibited  in  the  upper  left-hand  portion  of  Fig.  3,  where 
the  varnish  is  18  microms  thick  at  one  end  and  56 
microms  thick  at  the  other,  after  the  panel  had  been  shut 
up  in  a  crate  for  a  number  of  months  the  discoloration 
would  start  almost  with  the  original  color  of  gray  at  the 
top,  where  the  varnish  was  thin,  and  grade  down  nearly 
to  a  golden  brown  at  the  bottom,  where  the  varnish  was 
thickest.  There  is  no  way  of  avoiding  this  discoloration 
if  the  paint  is  to  be  kept  in  the  dark.  The  only  way  I 
know  of  to  avoid  discoloration,  which  probably  would  be 
all  right  for  export  use,  is  to  put  on  a  last  coat  of  a 
finishing  enamel  of  the  desired  gray  rather  than  a  clear 
varnish.  That  would  result  in  a  very  thin  film  of  var- 
nish being  on  top  of  the  gray  pigment  and  minimize  the 
discoloration  greatly.     It  also  would  make  the  discolor- 


ation uniform,  because  the  same  amount  of  varnish 
would  be  on  top  of  the  pigment  over  the  entire  surface 
of  the  work.  I  know  of  no  other  way  to  avoid  discolor- 
ation except  to  store  the  painted  bodies  in  the  light;  this, 
unfortunately,  is  not  practicable  in  the  case  of  automo- 
biles crated  for  export  and  stored  for  any  length  of  time. 
A  gray  enamel  finish  would  help  to  remedy  this  condition 
materially. 

Mr.  Ricker: — Is  the  discoloration  of  gray  and  blue 
the  result  of  chemical  action  between  the  colored  pig- 
ment and  the  varnish,  or  of  the  effect  of  light  passing 
through  different  thicknesses  of  varnish? 

Mr.  Pulsifer: — The  fading  of  blue  color  is  due  to  the 
fact  that  under  the  actinic  rays  of  sunlight  blue  coloring 
matter  is  not  as  permanent  as  some  other  colors.  The 
destruction  of  the  finish  over  the  blue  is  due  to  the 
chemical  action  of  the  blue  pigment  itself  with  the  oils 
of  the  varnish;  this  causes  the  oils  to  harden  and  the 
varnish  to  become  brittle.  Probably  many  of  us  have 
seen  work  that  perished  in  a  very  short  time  where  a 
heavy  percentage  of  blue  was  carried  into  the  last  coat 
of  color  varnish  and  then  a  thin  coat  of  finishing  varnish 
was  flowed-on  or  brushed-on  by  one  of  the  high-speed 
finishers.  The  blue  pigment  seemed  to  eat  the  varnish 
up,  and  that  is  exactly  what  it  did.  It  is  the  same  thing 
that  would  happen  if  the  varnish  were  dropped  into 
caustic  soda.  The  blues  we  have  been  getting  recently 
have  been  much  less  pure  than  those  we  were  able  to  get 
before  the  war.  They  have  not  been  washed  so  care- 
fully and  as  a  result  contain  various  impurities.  Every- 
one has  met  with  the  same  trouble.  The  only  safeguard 
is  to  bury  that  blue  under  a  coat  of  clear  rubbing-varnish 
before  the  finishing  varnish  is  applied. 

Gray  pigment  should  have  no  destructive  effect  on  the 
varnish  except  that,  other  things  being  equal,  varnish 
will  last  longer  over  a  dark  color  than  over  a  light  one. 
The  reason  is  that  the  destruction  of  varnish  is  caused 
partly  by  the  same  chemical  or  actinic  rays  that  I  spoke 
of  in  connection  with  the  fading  of  blue.  When  the  var- 
nish is  over  black  or  a  very  dark  color,  most  of  these 
rays  are  absorbed  after  passing  through  the  varnish; 
but  when  varnish  is  over  white  or  a  very  light  color,  part 
of  these  destructive  rays  are  reflected  back  through  the 
varnish.  The  result  is  that  the  clear  varnish  gets  it 
coming  and  going  and,  for  that  reason,  other  things  be- 
ing equal,  a  finishing  varnish  will  wear  longer  over  a 
black  surface  than  over  a  white  one.  Of  course,  the 
black  surface  becomes  hotter  than  the  white,  but  the  heat 
developed  is  not  enough  to  harm  the  varnish.  It  is  the 
chemical  rays,  which  are  heatless,  that  destroy  the  var- 
nish. 


BODY  SEATING-DIMENSIONS 


BY   GEORGE   E.   GODDARD 


THE  dimensions  of  automobile-body  seats  receive 
consideration  with  regard  to  the  features  that  are 
conducive  to  comfort.  A  diagram  is  presented  upon 
which  the  dimensions  treated  are  indicated,  and  a  tabu- 
lation of  seat  dimensions  of  12  representative  cars  is 
included. 

Comments  are  made  upon  the  factors  influencing  seat 
dimensions,  as  well  as  recommendations  regarding  the 
different  desirable  dimensions.  The  considerations  are 
inclusive  of  cushion  height,  depth  and  slope,  leg-room 
and  head-room,  upholstery  shape  and  softness  of  trim- 
ming, foot-rest  and  other  control-element  locations, 
factors  influencing  entrance  and  egress  provisions,  seat 
widths  and  advisable  front  and  rear-compartment 
hts. 


The  author  recommends  the  standardization  of  a 
range  of  locations  for  the  different  control  elements. 
[Printed  in  the  February,  1922,  issue  of  The  Journal.] 

THE  DISCUSSION 

J.  E.  Schipper: — The  point  that  Mr.  Goddard  brought 
out  about  entering  and  leaving  on  the  wheel  side  of  the 
car  is  very  important.  He  gives  the  distance  between 
the  steering-wheel  and  the  left  corner  of  the  front-seat 
support  as  9  in.  I  had  occasion  to  measure  a  number  of 
cars  4  or  5  years  ago  in  which  that  dimension  was  as 
little  as  7  in. ;  in  many  it  was  as  much  as  12  in.  and  on 
one  car  it  was  14  in.  It  is  an  important  dimension,  par- 
ticularly if  a  man  has  a  passenger  on  his  right  side  and 
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must  enter  and  leave  the  car  often.  I  know  of  one  case 
where  the  spare  tire,  which  was  tarried  on  the  left  side, 
prevented  the  full  opening  of  the  left  front-door.  Be- 
cause of  the  small  space  and  the  restriction  of  the  door 
opening,  it  practically  was  impossible  to  inter  and  leave 
the  car  on  the  left  side. 

In  locating  the  controls,  attention  ought  to  be  given 
to  the  position  of  the  starting-switch  pedal.  In  en- 
tering the  left  side  of  the  car  thai  pedal  sometimes  is 
accidentally  stepped  on,  producing  bad  results  when  the 
engine  is  idling.  Those  two  points  are  essential.  Ade- 
quate hip-room  is  becoming  more  and  more  important 
also. 

G.  W.  Kerr: — In  the  front  compartment,  it  is  desir- 
able to  make  sure  that  the  operator  has  room  to  remove 
his  foot  from  the  clutch  and  place  it  on  the  toe-board. 
In  some  high-class  cars  there  is  practically  no  place  for 
the  operator's  feet  except  on  the  pedal  and  the  accelerator 
button.  That  is  largely  governed  by  the  width  of  the  dash 
and  the  arrangement  of  the  lining  of  the  inside  of  the 
cowl.  The2-in.  slant  of  the  seat  stools  seems  to  me  rather 
under  present  practice  and  less  than  what  is  desirable. 
The  general  dimensions  given  by  Mr.  Goddard  check  very 
closely  with  what  I  believe  to  be  proper  measurements.  I 
allow  7  in.  under  the  steering-wheel  to  the  top  of  the 
front  cushion,  grading  the  springs  in  the  front  cushion 
so  that  they  will  collapse  to  one-half  of  their  ordinary 
length.  That  probably  would  let  the  passenger  or  driver 
sit  at  about  the  same  height  as  is  covered  by  Mr.  God- 
dard's  measurement. 

The  idea  of  using  a  standard-sized  manikin  as  an  aid 
to  design  is  a  good  one  but,  rather  than  use  one  of  aver- 
age dimensions,  I  think  the  proper  ones  would  be  those 
of  a  man  somewhat  larger  than  the  average,  say  5  ft. 
10  in.  high.  It  has  been  found  in  the  salesroom  that,  to 
insure  the  greatest  amount  of  sales,  the  largest  number 
of  people  must  be  accommodated.  If  average  dimensions 
are  used,  anyone  who  is  large  will  feel  more  or  less  un- 
comfortable, but  there  are  ways  of  providing  comfort  for 
persons  under  the  average  size  by  changing  the  up- 
holstery, placing  extra  cushions  at  the  back  and  means 
of  that  kind. 

G.  C.  Baker: — We  had  an  interesting  experience  some 
time  ago.  We  found  the  manikin  was  too  large,  because 
it  was  not  relaxed  as  the  human  body  would  be.  I  think 
it  would  be  better  to  make  it  under  rather  than  over  the 
average  size. 

G.  E.  Goddard: — Body  engineers  who  have  made  it  a 
practice  to  use  manikins  should  submit  their  suggestions 


to  the  Passenger-('ar-i:od.\  Division  of  the  Standards 
Committee.  It  is  a  subject  that  I  think  is  rightfully 
within  its  scope  of  work.  We  all  know  of  the  manikin 
that  is  made  of  cardboard  and  has  few  joints,  but  the 
human  body  does  not  have  so  much  range  of  action  as 
the  joints  of  a  manikin  allow.  There  should  be  some 
kind  of  stop  on  the  joints.  There  is  need  for  a  discus- 
sion and  study  of  what  the  length  of  these  joints  should 
be.  Every  body  engineer  realizes  the  value  to  be  ob- 
tained from  a  standardized  manikin.  The  benefit  is  not 
so  much  in  the  comfort  of  the  seat  as  in  the  softness  or 
comfortable  movement  of  the  body,  and  has  to  do  with 
dimensions  and  proportions.  The  manikin  cannot  be 
used  very  well  to  determine  the  shape  of  the  back,  but 
the  average  dimensions  of  the  different  joints  can  be 
obtained.  This  would  at  least  prevent  some  of  the  short 
cushion-depths  and  short  leg-length  distances  to  the 
pedal  that  are  still  very  common.  I  hope  we  can  decide 
whether  it  is  practicable  to  have  a  standard  manikin.  I 
think  this  subject  should  be  cleared  up. 

Joseph  Ledwinka: — We  have  correct  dimensions  and 
use  manikins  having  an  average  height  of  5  ft.  9  in. 
with  stops  on  the  joints.  We  know  exactly  the  move- 
ments of  the  ankle  and  knee  and  whether  they  are  com- 
fortable. By  the  use  of  these  manikins  we  find  it  very 
easy  to  determine  the  seating  capacity.  It  may  be 
worked  out  by  anyone  on  a  one-quarter  or  a  one-half- 
sized  scale  and  made  so  that  it  will  fit  the  regular  pre- 
determined dimensions. 

L.  C.  Hill: — The  engineering  division  of  the  .Air 
Service  at  McCook  Field  has  established  a  standardized 
manikin  aviator  around  which  airplane  fuselages  have 
been  designed  very  successfully.  I  understand  that  the 
proportions  of  this  manikin  were  obtained  by  measuring 
many  pilots  very  carefully  and  averaging  the  resulting 
dimensions.  The  Air  Service  might  be  consulted  in  this 
regard  and  the  conclusions  that  it  has  reached  studied 
carefully  with  profitable  results. 

Chairman  E.  G.  Budd  : — I  think  we  need  several  mani- 
kins, an  extra  long  one  for  leg  measurements  and  one 
somewhat  undersize  for  some  other  lengths  such  as  cush- 
ion heights.  It  is  very  uncomfortable  for  a  woman  to  sit 
in  a  seat  which  would  be  comfortable  for  a  man  of  aver- 
age or  slightly  more  than  average  height.  We  need  a 
large  manikin  to  determine  the  distance  between  the 
steering-wheel  and  the  front  seat  and  one  wearing  a  hat 
to  determine  the  proper  vertical  measurement.  This  is  an 
interesting  subject  and  well  worth  the  careful  study  of 
engineers. 


THE  PAST,  PRESENT  AND  FUTURE  OF  THE 

MOTOR-OMNIBUS 


BY  WALTER  JACKSON 


\  FTER  outlining  motor -bus  history  and  relating  how 
■»»  the  introduction  of  mechanical  and  electrical  pro- 
pulsion on  rails  relegated  horse-buses  to  the  back- 
ground, the  author  states  that  electric-railway  con- 
struction is  at  a  standstill  and  that  the  present  demand 
for  additional  transportation  facilities  is  being  met  by 
motor-buses  that  often  are  operated  by  individuals; 
presents  railway  statistics  and  comparative  comment 
on  jitneys,  cross-country  motor-buses  and  supplemen- 
tary motor-bus  service  by  electric-railway  companies; 
and  mentions  many  influential  factors  concerning  mo- 
tor-bus utilization. 

Future  motor-bus  considerations   include  discussions 
of  fare  rates  and  operating  expenses.     The  author  be- 


lieves that  a  comparison  of  the  true  cost  of  electric- 
railway  versus  motor-bus  service  has  been  obscured  by 
certain  factors  having  nothing  to  do  with  the  engineer- 
ing aspects  of  the  situation,  and  that  the  economic 
fields  of  these  services  will  be  determined  by  the  co- 
ordination of  all  mass  transportation  under  one  man- 
agement instead  of  permitting  indiscriminate  and  de- 
structive competition.  [Printed  in  the  March,  1922, 
issue  of  The  Journal.] 

THE  DISCUSSION 
C.  M.  Manly: — -The  use  of  motor-buses  in  suburban 
development  bears  a  very  different  relation  to  the  trans- 
portation problem  from  that  of  the  street  car  or  tram- 
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way.  The  value  of  suburban  property  has  heretofore 
been  based  largely  on  transportation  facilities  and  prop- 
erty owners  are  keenly  interested  in  the  subject.  With 
the  advent  of  motor-buses  and  the  decline  of  the  electric 
railway,  I  believe  there  will  be  a  radical  change  in  the 
situation.  With  motor-bus  transportation  a  person  who 
has  property  in  a  suburb  cannot  be  at  all  sure  that  the 
transportation  facilities  at  a  later  time  will  be  the  same 
either  in  location  or  adequacy  as  they  are  at  the  time  he 
buys.  On  the  other  hand,  a  railway  in  operation  in- 
volves a  fixed  investment  and  gives  the  land  a  fixed 
value.  An  illustration  of  the  difficulties  attending  a  fixed 
transportation  investment  was  afforded  by  the  situation 
in  Toledo  last  year,  where  the  street  railway  company 
was  able  to  run  its  cars  across  the  State  line  and  thus 
withdraw  part  of  the  equipment;  but  the  fixed  invest- 
ment resulted  later  in  the  return  of  this  equipment  to 
service  in  Toledo.  On  the  other  hand,  with  the  motor- 
bus  it  is  possible  to  move  the  entire  equipment.  It  should, 
therefore,  be  possible  to  interest  capital  more  easily  in 
transportation.  But  I  believe  it  will  be  difficult  to  inter- 
est it  in  the  development  of  land  and  that  transportation 
facilities  will  cease  to  carry  as  much  of  the  burden  in 
connection  with  suburban  land  development  as  they  have 
heretofore. 

Walter  Jackson  :— I  confirm  Mr.  Manly's  remarks. 
In  developing  a  suburban  community,  if  additional  mo- 
tor-bus service  is  delegated  by  the  existing  transportation 
company  to  another  company  which  is  known  to  have  a 
reputation  and  will  not  remove  its  service,  we  may  feel 
assured  that  that  motor-bus  route  will  continue  to  serve 
a  particular  group  of  people.  If,  on  the  other  hand, 
motor-bus  service  is  rendered  by  a  new  organization, 
which  gives  no  assurance  that  its  service  will  remain 
a  fixture,  the  fact  that  the  bus  route  can  be  changed 
without  removing  any  rails  is  worth  serious  consid- 
eration. 

Herbert  Chase: — Mr.  Jackson  said  that  the  cost  per 
seat-mile  for  electric  railways  is  about  one-half  that  for 
motor-buses.  Were  the  capital  investment  and  the  up- 
keep of  the  right-of-way  considered  in  both  cases?  Is 
there  any  inherent  reason  why  motor-bus  transportation 
should  be  more  expensive  than  railway  transportation? 
There  must  be  some  basic  reason  for  differences  as  great 
as  Mr.  Jackson  mentions.  So  far  as  the  vehicle  itself 
and  its  cost  of  upkeep  are  concerned,  I  fail  to  see  why 
Mr.  Jackson's  statement  is  correct. 

On  what  grounds  does  Mr.  Jackson  base  the  conclusion 
that  it  is  hopeless  to  try  to  beat  the  electric  railway  in 
cities  by  the  use  of  motor-buses?  They  are  competing 
successfully  and  giving  satisfactory  transportation  in 
some  cities  in  which  the  electric  railway  has,  for  one 
reason  or  another,  been  forced  to  discontinue. 

Mr.  Jackson: — That  is  a  most  important  question. 
The  comparative  costs  have  two  grounds.  I  refer  to  a 
paper  read  by  A.  R.  Fearnley,  of  the  Sheffield  Corpora- 
tion Tramways,  of  England,  in  which  a  really  classic 
comparison  was  made  of  the  cost  of  both  kinds  of  ser- 
vice by  a  man  who  is  known  as  a  great  advocate  of  the 
motor-bus.  However,  I  am  not  satisfied  with  quoting 
English  figures  alone.  According  to  American  statistics 
a  one-man  safety  car  seating  32  to  35  people  has  so  much 
overload  capacity  that  it  can  cany  60  people  easily  and 
be  run  for  18  to  20  cents  per  mile,  but  a  corresponding 
motor-bus  cannot  be  run  for  that  amount.  When  I  speak 
of  the  2  to  1  ratio,  I  refer  only  to  the  operating  expense. 
However,  with  a  service  where  the  car  intervals  are  only 
10  min.  and  the  vehicle  seats  24  to  32  people,  the  invest- 
ment for  an  electric  railway  would   be  so  large  as  to 


make  the  cost  of  the  street-car  greater  than  that  of  the 
motor-bus.  It  is  dependent  upon  the  density  of  traffic. 
In  a  series  of  studies  for  the  Boston  Elevated  Railway 
I  recommended  the  adoption  of  the  motor-bus  for  four 
or  five  localities  where  the  company  had  track  at  that 
time.  I  pointed  out  that  the  cost  of  renewing  and  re- 
placing that  track  was  great  and  that,  because  the  num- 
ber of  car-miles  per  year  was  not  more  than  50,000,  new 
track  and  paving  would  not  pay.  On  the  other  hand,  I 
showed  that  if  the  company  ran  500,000  car-miles  per 
annum  over  the  same  track,  the  investment  would  be  the 
same  but  the  overhead  charge  so  much  less  that  motor- 
buses,  at  the  existing  costs,  could  not  be  considered. 

The  statement  which  Mr.  Chase  has  made  as  to  the 
replacement  of  trolley  lines  in  some  cities  is  true.  I 
have  said  'that  some  companies  are  trying  to  carry  too 
many  burdens  of  the  past.  They  want  a  rate  of  return 
on  a  worthless  valuation,  and  that  necessitates  a  rate  of 
fare  that  can  be  met  by  the  motor-bus.  That  might  be 
true  of  cities  of  25,000  to  50,000  population,  but  we  must 
consider  each  case  individually. 

Trackless  Trolley-Car 

L.  C  Marburg: — Who  has  had  experience  with  the 
trackless  trolley-car?  I  think  it  has  been  used  to  a  lim- 
ited degree  for  15  to  20  years.  It  never  has  had  a  broad 
application,  although  recently  I  have  read  of  a  few  addi- 
tional instances  where  it  has  been  installed. 

A.  J.  Scaife: — One  objection  to  the  trackless  trolley- 
car  is  that  it  is  confined  to  a  fixed  route.  One  advantage 
of  motor-bus  transportation  in  large  cities  is  that,  if 
there  should  be  something  blocking  the  highway,  the 
traffic  is  not  held  up  but  can  seek  other  routes.  It  has 
been  stated  that  it  is  not  practicable  in  large  cities  to 
have  street-cars  run  in  the  center  of  highways.  Present 
laws  stop  all  vehicles  at  the  rear  of  a  street-car  while  it 
is  taking  on  or  discharging  passengers ;  thus  in  some  in- 
stances from  10  to  30  vehicles  are  halted  behind  a  car. 
With  present-day  congestion  this  is  one  of  the  greatest 
problems  of  mass  transportation. 

G.  A.  Green  : — From  my  viewpoint,  the  trackless  trol- 
ley-car lacks  altogether  the  flexibility  of  the  bus.  It 
costs  as  much  to  build,  its  weight  is  as  great  and  it  pos- 
sesses no  advantages  from  the  standpoint  of  acceleration 
or  increased  average  speed.  The  cost  of  the  necessary 
overhead  structure  ranges  from  $6,000  to  $10,000  per 
mile;  so  that  the  cost  of  every  route-mile  operated  is 
approximately  equal  to  the  cost  of  a  completely  equipped 
bus.  Since  the  cost  of  the  trackless  trolley-car  without 
the  installation  or  maintenance  of  overhead  structure  or 
powerhouse  equals  that  of  the  bus,  the  unit  of  invest- 
ment cost  is  considerably  in  excess  of  that  of  the  bus. 

There  are  other  serious  disadvantages.  Before  track- 
less-trolley operation  can  be  commenced,  the  overhead 
structure  must  be  installed.  If  it  becomes  necessary  to 
abandon  a  route,  a  large  portion  of  this  expenditure  is 
lost.  Likewise,  extensions  of  routes  cannot  be  effected 
promptly.  Diversions  on  account  of  fires,  parades,  traf- 
fic blocks  and  the  like  are  also  impossible.  Of  course, 
a  system  of  alternative  routes  is  entirely  out  of  the 
question. 

The  vehicles  as  a  whole  would  be  no  cheaper  to  main- 
tain. There  is  no  reason  to  expect  greater  mileage  from 
tires  or  decreased  body  maintenance.  The  electrical 
equipment  is  not  more  reliable  than  the  conventional 
gasoline  engine,  clutch  and  transmission,  and  it  does  not 
seem  likely  that  it  will  be  cheaper  to  maintain.  It  must 
be  remembered  that  the  maintenance  of  motors,  con- 
trollers and  the  like  on  steel  rails  is  different  from  their 
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maintenance  when  vehicles  travel  over  rough  roadways. 
linly,  the  electrical  equipment  ia  not  as  well  under- 
i  as  the  corresponding  gasoline  units.  So,  in  the  last 
analysis,  about  the  only  possible  Baving  is  in  power.  Here 
the  question  admittedly  is  open  to  argument  but,  in 
whichever  way  one  regards  the  situation,  the  possibility 
of  marked  economy  is  not  particularly  alluring.  It' 
trackless-trolley  operation  is  confined  to  points  where 
power  is  extraordinarily  cheap,  the  matter  might  well 
receive  consideration;  hut,  in  my  opinion,  the  disadvan- 
tages far  outweigh  the  possible  benefits. 

It  seems  natural  that  the  trackless  trolley-ear  should 
receive  attention  from  street-railway  men,  tor  they  have 
been  brought  up  to  think  in  electrical  terms.  But,  judg- 
ing from  such  knowledge  of  these  matters  as  1  possess, 
I  am  of  the  opinion  that  one  should  never  attempt  to  do 
anything  electrically  that  can  be  done  mechanically. 

Chassis  Li  BRICATION  ' 

■knkliis  T.  BiYERS:— Mr.  Green  omitted  upkeep  ex- 
pense in  his  recapitulation.  The  street-railway  people 
are  very  much  interested  in  the  upkeep  of  these  gasoline 
vehicles.  The  upkeep  of  those  adapted  more  or  less  suc- 
cessfully to  bus  service  has  been  pretty  high.  It  is  not 
safe  to  use  a  lower  average  rate  of  depreciation  than  20 
per  cent  per  year. 

In  visiting  service-stations  and  checking-up  on  repair 
costs,  I  find  that  a  large  portion  of  repairs  is  on  the  small 
parts  about  the  chassis  that  never  get  lubrication.  I 
have  been  working  on  chassis  lubrication  for  about  10 
years.  I  prepared  statistics  to  show  that  operators  of 
motor  vehicles  are  justified  in  neglecting  chassis  lubrica- 
tion. Considering  10,000,000  registered  vehicles  to  be 
equipped  with  the  devices  now  furnished  by  manufac- 
turers for  lubricating  chassis  parts,  it  would  take  a 
minimum  of  about  2  hr.  per  week  per  vehicle  to  give  the 
chassis  thorough  lubrication.  The  minimum  repair- 
charge  for  those  vehicles  would  be  $65,000,000  per  year; 
the  maximum,  about  $300,000,000;  and  a  safe  average 
probably  somewhere  between  $100,000,000  and  $150- 
000,000  per  year.  At  50  cents  per  hr.  for  2  hr.  per  week 
per  vehicle,  $500,000,000  worth  of  someone's  time  is 
required.  Hence,  the  public  is  absolutely  justified  in  dis- 
regarding the  lubrication  of  its  chassis,  many  of  which 
fail  merely  on  account  of  the  small  chassis  parts  that  are 
essential  to  the  operation  of  the  car.  It  is  possible  to 
lubricate  those  chassis.  Their  maintenance  depends  to 
a  great  extent  upon  lubrication  at  a  minimum  of  15  to  30 
min.  once  in  2  months;  that  is,  six  times  per  year.  With 
some  300  Class  B  trucks  operating  in  one  fleet  in  New 
fork  City,  some  remarkable  records  of  repairs  on  chassis 
parts  may  be  seen  at  the  Army  repair-service  station. 
The  cost  has  been  exceedingly  low.  Certainly  this  is  a 
field  to  be  developed.  If  a  minimum  depreciation  of  20 
per  cent  per  year  in  the  chassis  must  be  accepted,  very 
few  transportation  companies  will  invest  heavily  in  mo- 
tor vehicles. 

Mb.  GREEN: — In  my  opinion  Mr.  Myers  has  placed 
undue  emphasis  on  this  question.  The  matter  of  proper 
lubrication  is  not  a  very  difficult  problem.  It  is  largely 
a  question  of  design.  In  our  case  we  believe  we  have 
taken  care  of  this  matter  satisfactorily.  It  is  necessary 
to  lubricate  our  vehicles  but  once  in  every  2000  miles  of 
service,  and  the  entire  process  requires  about  15  min. 
The  system  is  neither  wasteful  nor  expensive.  I  think 
we  can  dismiss  the  question  of  lubrication  as  a  con- 
trolling factor  in  the  maintenance-costs  of  gasoline-pro- 
pelled vehicles.  This,  of  course,  is  on  the  assumption 
that  the  vehicle  design  is  reasonably  correct. 


H.  \V.  SLAUSON: — One  subject,  which  possibly  ma\ 
seem  outside  the  province  of  engineering  but  which  will 
tend  to  make  or  break  a  motor-bus  line,  is  the  protection 
afforded  by  State  legislation.  Mr.  Green  probably  would 
say  that  municipal  competition  is  not  serious,  and  we 
linly  hope  it  will  not  be.  We  see  no  reason  why  it 
should  be  serious,  but  there  are  instances  in  which  a 
State  has  passed  a  well  founded  law  in  which  bus  rates 
are  based  on  certain  factors  and  these  laws  have  been 
over-ridden  by  municipal  and  county  legislation  with 
the  result  that  almost  as  many  laws  prevail  in  that  State 
as  there  are  counties.  When  a  company  is  formed  and 
money  is  invested  in  a  bus  line,  there  must  be  assurance 
that  it  will  be  protected  from  legislation  as  well  as  by  it. 
It  is  unfair  to  an  investor  to  face  the  competition  offered 
by  a  municipal  or  county  line  which  is  not  operated  on 
the  same  basis  so  far  as  franchises,  taxes  and  license  fees 
are  concerned.  We  are  trying  to  overcome  that  by  the 
uniformity  of  the  vehicle  law,  but  that  is  by  no  means 
perfect.  It  has  failed  in  several  instances.  I  believe  this 
is  one  of  the  serious  problems  with  which  the  motor-bus 
line  is  confronted. 

Illumination 

L.  C.  Porter: — I  have  been  following  with  interest  the 
development  of  motor-buses  for  the  last  4  or  5  years, 
particularly  in  connection  with  the  lighting,  and  have 
wondered  at  the  lack  of  adequate  illumination.  Illumina- 
tion has  increased  in  trolley  cars;  in  fact,  in  a  number  of 
cases,  this  has  been  required  by  public-utility  commis- 
sions. I  think  the  same  requirement  will  apply  to  the 
motoi--bus.  I  believe  that  the  companies  operating  motor- 
buses  would  do  well  to  forestall  such  legislation  by  sup- 
plying sufficient  light.  The  original  individually  owned 
jitney  bus  was  more  or  less  unpopular,  but  as  the  motor- 
bus  has  developed  and  is  now  operated  by  competent  com- 
panies on  regular  schedules,  this  opposition  is  gradually 
passing.  Suitable  lighting  of  buses  would  gain  popular 
favor  and  be  good  advertising.  A  bus  should  not  only 
be  well  lighted  inside  but  carry  illuminated  signs  visible 
from  a  distance  to  announce  its  route.  It  should  also 
have  adequate  step  lighting,  and  stop  signals  for  the  pro- 
tection of  those  driving  behind  it. 

Many  buses  have  what  are  called  dome  lights.  They 
are  very  inefficient,  absorbing  from  50  to  60  per  cent 
of  the  light.  With  reflectors  instead  of  domes,  most  of 
that  light  could  be  made  useful.  Why  do  the  builders 
allow  such  low  head-room  in  motor  buses?  If  the  roof 
were  1  ft.  higher,  the  use  of  highly  efficient  reflectors 
would  be  possible  and  satisfactory  lighting  could  be  had 
with  a  small  amount  of  electrical  energy. 

A  Member: — I  was  one  of  the  contenders  for  a  motor- 
bus  franchise  in  Chicago,  but  did  not  go  through  with 
the  proposition  because  there  are  five  different  municipal 
bodies  to  contend  with.  After  I  had  talked  to  these  rep- 
resentatives, my  opinion  was  that  whoever  secured  that 
franchise  would  fail.  The  pioneer,  who  secured  the  fran- 
chise, failed  within  3  years.  I  think  the  service  has 
been  continued  for  about  3  years  since  that  time  and  that 
the  company  has  recently  been  purchased  by  another 
organization  for  about  25  cents  on  the  dollar.  I  feel 
that  now  with  proper  men,  it  would  make  a  good  invest- 
ment. 

On  the  South  Side  of  Chicago,  on  Michigan  Avenue, 
there  are  a  number  of  viaducts.  The  municipal  commis- 
sion controlling  Michigan  Avenue  insists  that  a  certain 
route  be  covered  to  obtain  a  franchise.  Can  a  six-wheel 
motor-vehicle  of  the  trailer  type  be  built  with  low  enough 
head-room  to  afford  the  requisite  passenger-carrying  ca- 
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pacity?  To  secure  that  franchise  virtually  a  new  type 
of  vehicle  must  be  developed  to  make  the  route  pay. 

Mr.  Green  : — From  a  motor-bus  standpoint,  a  low  cen- 
ter of  gravity  is  highly  desirable  because  the  possibility 
of  overturning  is  decreased  and  the  stepless  feature  is 
of  value  in  avoiding  accidents  in  boarding  and  alighting. 
There  is  also  an  opportunity  to  shorten  the  time  required 
by  passengers  to  enter  and  leave.  Assuming  a  correct 
suspension  system,  the  riding  properties  are  better.  De- 
creased height  lessens  the  liability  to  injury  of  persons 
seated  on  the  upper  deck.  A  low-hung  vehicle  also  has 
a  more  graceful  appearance.  Such  vehicles  look  safer 
and  one  must  not  lose  sight  of  this  from  the  rider's  stand- 
point. 

Regarding  the  question  of  lighting,  I  agree  in  general 
that  the  present  situation  leaves  something  to  be  desired. 
There  is  a  tendency  to  demand  better  illumination.  Much 
difficulty  has  been  experienced  in  the  past  in  obtaining 
generators  of  satisfactory  capacity,  but,  as  a  result  of 
experiments,  our  research  department  has  made  progress 
in  this  direction  and  within  the  coming  year  we  expect 
to  effect  marked  improvements.  The  problem  of  properly 
illuminating  a  bus  is  by  no  means  simple.  Each  of  our 
vehicles,  completely  equipped  in  accordance  with  our 
latest  standards,  requires  224  cp.  This  is  beyond  the 
capacity  of  the  average  generator  in  use  on  passenger 
cars. 

Mr.  Chase: — Is  there  an  inherent  difference  in  the 
cost  of  operation  of  a  motor-bus  and  an  electric  street 
car,  aside  from  the  matter  of  size?  It  is  evident  that  if 
a  vehicle  can  carry  twice  as  many  passengers  with  the 
same  crew,  the  operating  expense  will  be  reduced,  but 
is  there  a  difference  in  upkeep  expense  and  with  which 
is  it  the  greater?  Is  it  considered  desirable  by  the  ma- 
jority of  engineers  to  have  a  special  type  of  chassis  for 
buses,  or  is  the  conventional  truck  chassis,  with  certain 
minor  body  modifications,  applicable? 

H.  C.  McBrair: — In  one  locality  where  a  large  number 
of  motor-buses  run  from  other  communities  into  the  city, 
an  excessive  tax  has  been  levied  on  the  motor-buses.  The 
railroads  are  putting  on  motor  cars  to  regain  the  trade 
that  has  been  going  to  the  motor-buses. 

Special  Features  of  Bus  Chassis  Design 
R.  E.  Fielder: — As  to  whether  it  is  necessary  to  have 
for  motor-buses  a  different  chassis  from  that  used  for 
truck  work,  I  would  say  that  human  freight  needs  a 
definite  amount  of  space  and  a  bus  body  must  be  at  least 
7  ft.  wide,  to  provide  comfort  for  the  passengers.  The 
seats  usually  are  along  the  side  walls  or  arranged  trans- 
versely ;  therefore,  the  supporting  wheels  and  springs  are 
placed  on  as  wide  a  base  as  possible.  In  most  cases  it 
is  desirable  to  have  the  width  about  14  in.  greater  than 
that  of  the  truck;  otherwise  the  vehicle  is  unstable.  Few 
steps  should  be  used,  particularly  in  cities  where  many 
people  get  on  or  off  at  one  time  and  cannot  see  where 
to  place  their  feet.  Therefore,  the  vehicle  floor  should  be 
as  low  as  possible.  The  frame  of  a  standard  truck  is 
about  36  to  40  in.  above  the  ground.  Since  a  passenger 
can  step  up  only  about  12  in.,  four  steps  are  required  for 
entrance  to  the  body  and  they  will  stretch  across  the 
floor  so  that  no  platform  space  is  left.  These  are  some 
of  the  many  features  that  require  a  bus  to  be  of  special 
design,  and  that  make  a  truck  chassis  totally  unsuitable 
for  safety  and  fast  passenger-bus  operation. 

Operating  Costs 
Mr.  Marburg  : — As  to  any  inherent  difference  between 
the  cost  of  operating  a  motor-bus  and  that  of  a  street- 
car, I  think  Mr.  Jackson  gave  the  answer  when  he  said 


it  is  a  question  of  traffic  density.  The  cost  of  operating 
an  electric  railway  consists  of  maintenance  charges,  the 
cost  of  the  personnel  necessary  to  operate  the  cars,  the 
cost  of  electric  current  and  fixed  charges  such  as  interest 
and  depreciation.  In  the  case  of  the  motor-bus  the  place 
of  electric  current  is  taken  by  gasoline  or  oil.  Some 
charges  are  proportional  to  the  mileage;  others  are  en- 
tirely or  practically  independent  of  it. 

Taking  first  the  variable  charges,  there  hardly  can  be 
a  doubt  that  cost  of  upkeep  is  considerably  higher  with 
the  motor-bus  than  with  the  street-car;  and,  further- 
more, it  seems  to  me  that  the  cost  of  gasoline  and  lubri- 
cation is  also  much  higher  than  the  cost  of  electric  cur- 
rent, all  charges  being,  of  course,  based  on  a  seat-mile. 
On  the  other  hand,  fixed  charges,  consisting  largely  of 
interest  and  depreciation,  are  much  smaller  with  the 
motor-bus  than  with  the  electric  street-car,  because  the 
investment  per  seat-mile  is  much  less  with  the  former. 

Since  fixed  charges  must  be  distributed  over  the  num- 
ber of  seat-miles  operated,  it  is  evident  that  the  system 
with  low  fixed  charges,  that  of  the  motor-bus,  will  have 
a  total  cost  per  seat-mile  which  is  more  or  less  constant; 
but  with  the  system  having  high  fixed  charges,  that  of 
the  street-car,  the  total  cost  per  seat-mile  decreases  rap- 
idly with  increasing  seat-mileage.  The  result  is  that  the 
motor-bus  operates  more  economically  with  low  traffic 
density,  and  with  high  traffic  density  the  street-car  is 
cheaper. 

Mr.  Green  : — To  attempt  to  analyze  the  difference  in 
cost  of  operation  between  street-cars  and  motor-buses  is 
a  rather  large  undertaking.  The  street-car  has  one  fea- 
ture the  bus  has  not ;  people  can  be  packed  into  it.  I  am, 
of  course,  referring  to  "standees."  It  has  an  almost  un- 
limited capacity  for  overloading:  so,  when  discussing 
costs,  one  must  consider  whether  reference  is  made  to 
cost  per  passenger  carried,  or  cost  per  seat-mile  or  cost 
per  car-mile.  Taking  the  cost  per  car-mile,  in  units  of 
about  the  same  seating  capacity,  the  difference,  I  think, 
would  be  in  favor  of  the  motor-bus. 

Mr.  Marburg: — Are  we  not  making  an  assumption 
that  does  not  apply?  The  electric  car  always  has  a  much 
greater  seating  capacity  than  the  motor-bus. 

Mr.  Green: — I  think  that  statement  is  not  altogether 
correct.  Our  single-deck  bus  seats  29  passengers;  the 
double-deck  bus,  51  passengers;  the  average  New  York 
street-car  seats  only  40  passengers. 

Chairman  B.  B.  Bachman: — Col.  F.  W.  Perry,  rep- 
resenting the  Hon.  Grover  A.  Whalen,  commissioner  of 
plant  and  structures  of  the  City  of  New  York,  is  present 
and  we  shall  be  glad  to  have  him  address  the  meeting. 

Municipal  Operation  in  New  York  City 

F.  W.  Perry: — The  Commissioner  delegated  me  to  ad- 
dress this  technical  meeting  in  his  stead.  Mr.  Whalen  is 
operating  trolley  lines,  bus  lines  and  trackless-trolley 
lines  in  the  name  of  the  municipality.  The  experience 
covers  only  about  2  years.  The  necessity  for  operation 
by  the  municipality  has  been  due  to  a  public  emergency 
existing  in  New  York  City  in  the  nature  of  no  transpor- 
tation if  not  public  transportation.  The  trolley  lines 
were  wholly  abandoned  and  the  cars  disposed  of.  The 
city  took  over  the  lines  and  put  on  the  cars,  took  the  peo- 
ple to  church  on  Sundays,  took  the  children  to  school  and 
gave  the  business  people  a  chance  to  reach  the  ferries 
and  get  to  business.  The  bus  lines  took  the  place,  by  and 
large,  of  railways  that  had  abandoned  operation.  These 
trackless-trolley  lines  are  operating  on  Staten  Island  and 
extend  existing  transportation  lines  into  the  territories 
that  need  transportation.     They  are  not  for  real-estate 
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development,  but  to  fill  the  existing  demand  for  riding. 
They  extend  existing  transportation  lines  that  could  not 
be  extended  by  the  operating  companies  in  view  of  their 
financial  condition. 

The  whole  question  is  complicated  and  cannot  be  dis- 
posed  of  easily.  I  think  that  no  competition  is  involved 
in  any  of  this  transportation.  During  a  serious  strike 
in  Brooklyn,  when  the  railway  companies  were  unable  to 
operate,  the  Commissioner  ran  upward  of  1000  buses  over 
the  routes  and  continued  running  them  until  the  com- 
panies were  able  to  pick  up  the  load;  but,  in  the  mean- 
while, the  service  was  enjoined  and  had  to  be  shut-down. 

Mr.  Jackson  has  a  very  well  anchored  idea  that  the 
buses  ought  to  be  operated  by  the  existing  utility  com- 
panies. There  are  many  who  think  that  way.  Keeping 
in  mind  what  the  utility  companies  are  carrying  in  the 
way  of  financial  loads,  there  is  nothing  special  in  what 
has  been  said,  other  than  what  Mr.  Green  mentioned  a 
moment  ago,  about  the  comparative  cost  of  trolleys  and 
es.  It  seems  to  me  that  a  very  much  heavier  load  is 
being  carried  in  the  case  of  the  trolley-car  passenger- 
mile  than  in  that  of  the  bus.  This  largely  increases  the 
cost  of  electricity.  While  the  platform  cost  might  not 
differ,  when  the  present-day  cost  of  electricity  per  kilo- 
watt-hour is  taken  into  account,  there  is  a  difference 
which  is  against  the  trolley,  and  particularly  the  trolley 
of  the  large  Pullman  type. 

N.  G.  Shidle: — Mr.  Perry  mentioned  one  point  in  Mr. 
Jackson's  paper  that  perhaps  is  misinterpreted.  I  do  not 
pretend  to  speak  for  Mr.  Jackson  on  the  matter  of  advo- 
cating that  buses  probably  will  be  operated  by  the  utility 
companies  that  are  in  business  at  present,  but  I  believe 
that  the  difficulty  is  as  follows :  As  I  understand  it,  truck 
builders  who  perhaps  believe  that  there  is  a  wide  motor- 
bus  market  are  not  certain  just  where  that  market  is. 
\\V  can  talk  as  we  will  about  the  great  future  of  the 
motor-bus,  but  when  a  company  turns  its  plant  over  to 
the  building  of  special  motor-buses,  it  must  know  where 
the  output  can  be  sold. 

It  is  interesting  to  study  the  development  of  the 
motor-bus  in  the  places  where  it  already  has  been  devel- 
oped, in  order  to  learn  how  it  can  be  developed  in  other 
localities.  Mr.  Jackson  has  made  a  detailed  study  of  con- 
ditions in  England.  He  found,  I  believe,  that  bus  lines 
there  have,  to  a  large  extent,  been  developed  by  trans- 
portation companies  already  in  the  business  that  had 
seen  the  possibilities  of  tying  the  motor-bus  to  their 
present  transportation  lines  to  make  a  better  transporta- 
tion system.  The  public-utility  companies  in  England 
have  started  bus  lines  or  added  bus  lines  to  their  present 
equipment  on  that  basis;  and,  to  some  extent,  perhaps 
that  is  the  basis  of  the  idea  that  the  utility  companies  at 
present  in  the  United  States  are  likely  to  be  the  ones 
which  will  promote  the  bus  lines. 

Mr.  Perry  said  that  he  believed  this  matter  of  buses 
and  trolleys  is  not  one  of  competition,  and  I  most  heartily 
agree  with  him.  Fundamentally,  the  motor-bus  is  a 
transportation  unit.  Just  as  it  was  found  that  the  only 
way  the  motor  truck  could  make  progress  was  by  selling 
it  as  a  transportation  unit  and  not  as  a  motor  truck,  the 
motor-bus  will  take  its  place  as  a  unit  in  our  transporta- 
tion system.  If  it  is  found  to  be  a  good  transportation 
unit  after  proper  tests  and  trials,  it  is  bound  to  take  its 
place.  The  matters  of  State  legislation  and  municipal 
competition  with  privately  owned  bus  lines,  as  has  been 
mentioned,  undoubtedly  constitute  most  difficult  problems 
confronting  the  development  of  the  motor-bus;  but,  if  in 
each  particular  case  the  bus  proves  that  it  can  make 
money,  it  will  be  used,  regardless  of  the  attitude  of  the 


elect ric- railway  people.  When  the  public  finds  that  the 
motor-bus  can  help  it  out,  buses  will  be  used.  There  are 
e  cases  ii)  which  the  motor-bus  is  the  most  economical 
transportation  unit,  certain  other  cases  in  which  the  elec- 
tric railway  is  the  logical  transportation  unit  and  many 
intermediate  cases.  It  will  require  a  long  time  in  the 
intermediate  cases  to  determine  which  is  the  better.  It 
will  depend  to  a  large  extent  upon  the  capital  already  in- 
vested in  the  enterprises  and  the  returns  being  made  on 
that  money,  rather  than  upon  furnishing  the  most  effi- 
cient transportation  to  the  community.  Eventually,  effi- 
cient transportation  will  be  furnished,  whatever  it  shall 
be;  the  result  will  depend  partly  upon  the  possibility  of 
developing  the  motor-bus  mechanically  with  due  regard 
for  the  comfort  of  passengers.  The  remark  referring 
to  the  truck  that  carries  freight  and  the  bus  that  carries 
human  beings  as  freight  tells  the  whole  story ;  there  is  a 
necessity  for  something  different. 

Colonel  Perry: — I  thought  I  made  it  clear  that  I  was 
not  indulging  in  optimism  about  any  particular  kind  of 
transportation.  I  was  merely  stating  what  the  City  of 
New  York  is  doing;  it  is  running  these  buses,  but  not  in 
competition.  There  is  ruinous  competition  going  on  in 
other  cities.  I  want  to  distinguish  what  is  being  done  in 
New  York  City  from  what  is  being  done  elsewhere.  We 
do  not  run  jitneys  to  put  trolley  cars  out  of  business.  I 
hope  everyone  understands  that.  Anyone  who  has  made 
a  study  of  the  question  knows  that  if  trolleys  are  too 
expensive,  we  would  like  to  sell  them  and  run  buses. 

Mr.  Scaife: — When  the  operating  cost  of  the  motor- 
bus  is  compared  with  that  of  the  street-car,  one  should 
take  into  consideration  the  trackage  cost,  which,  I  under- 
stand, is  from  $40,000  to  $60,000  per  mile  of  double  track, 
and  that  the  safety  car  costs  about  $8,000  or  $10,000. 
With  the  motor-bus,  the  investment  is  entirely  in  the 
rolling  stock.  So  far  as  the  operating  cost  of  the  street- 
car per  seat  mile  is  concerned,  that  cost  is  divided  over 
the  entire  period  because  the  overhead  charges  are  fixed. 
With  the  motor-bus,  that  is  not  the  case;  trackage  and 
trolley  overhead  does  not  have  to  be  charged  against  the 
seat  cost  per  mile. 

With  reference  to  the  use  of  the  motor  truck  as  a 
motor-bus,  I  believe  we  are  beginning  to  realize  that  it 
is  impossible  to  use  a  motor-bus  that  is  built  on  a  motor- 
truck chassis.  I  believe  the  bus  must  compete  with  the 
comfort  of  the  average  street-car,  with  reference  to  light- 
ing and  riding.  The  jitney  undoubtedly  has  injured  the 
motor-bus  in  its  pioneer  work,  where  any  kind  of  a  body 
was  put  on  a  truck  chassis  and  the  job  was  called  a  bus ; 
rough-riding,  uncomfortable  and  poorly  lighted.  I  be- 
lieve that  has  done  more  to  retard  bus  development  than 
anything  else.  However,  as  Mr.  Green  stated,  electric 
companies  are  making  generators  that  will  take  care  of 
bus  lighting,  and  the  bus  builders  are  designing  chassis 
that  will  have  easy  riding  qualities. 

With  reference  to  legislation,  years  ago  in  New  Zea- 
land, I  believe  a  franchise  to  operate  a  steam  railroad 
was  given  provided  the  company  would  erect  a  fence 
along  the  entire  right-of-way  so  that  people  would  not 
become  panic-stricken  at  seeing  a  train  travel  at  the 
rapid  rate  of  20  m.p.h.  As  far  as  legislation  is  con- 
cerned, everything  new  must  go  through  such  a  period 
of  opposition. 

J.  E.  Hale: — To  the  rider,  the  most  important  ele- 
ments of  adequate  transportation  are  the  maintenance  of 
schedules,  comfort  in  riding,  safety  and  speed.  There  is 
a  general  reluctance  to  have  street-cars  in  residential 
sections.  I  mention  these  things  because  the  cost  is  not 
the    only    consideration.      Factory    workers,    who    must 
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watch  their  pennies,  select  the  most  economical  means 
of  transportation.  Who  can  indicate  whether  a  good, 
efficiently  operated,  motor-bus  system  can  transport  peo- 
ple from  point  to  point  more  quickly  than  can  a  street- 
car system?  That  is  a  very  important  point.  In  many 
instances  people  take  a  jitney  in  preference  to  a  street- 
car because  the  jitney  will  make  the  trip  in  less  time. 


Nearly  all  the  electric  street-car  companies  serve  the 
public  with  electricity  and  power,  the  transportation  de- 
partment in  many  cases  being  financed  to  some  extent  in 
this  way.  If  street-cars  were  removed  and  trolley  trans- 
portation abandoned,  what  would  the  effect  be  on  the 
light  and  power  service  the  companies  give  the  com- 
munities? 


HARMONY  IN  CAR  UPHOLSTERY 


BY    R.    S.    QUAINTANCE 


TAKING  the  artist's  viewpoint,  the  author  discourses 
on  the  subjects  of  color,  color  harmony  and  the 
psychological  effects  of  color,  as  a  prelude  to  a  dis- 
cussion of  how  the  decoration  of  car  interiors  can  be 
made  most  effective,  this  being  necessary  because  of 
the  elusive  quality  of  good  taste,  a  quality  of  appraisal 
rather  than  one  of  creation,  and  because  esthetic  taste 
depends  upon  the  degree  of  mental  development  of  the 
individual,  although  possessed  in  some  degree  by  all. 

The  primary,  secondary  and  complementary  colors 
are  defined  and  their  mode  of  selection  is  described  pre- 
liminarily to  a  consideration  of  color  values  and  the 
selection  of  the  most  effective  color-schemes,  application 
of  these  principles  being  made  thereafter  to  the  decora- 
tion of  car  interiors,  inclusive  of  comments  on  the  most 
suitable  fabrics  and  patterns.  The  author  believes  that 
color  will  be  considered  eventually  in  the  automotive 
industry  as  being  on  an  equal  plane  with  lines  and 
form.  [Printed  in  the  February,  1922,  issue  of  The 
Journal.] 

THE  DISCUSSION 

A.  J.  Neerken: — What  colors  have  the  greatest  pop- 
ular appeal?  In  the  quantity  production  of  a  medium- 
priced  car,  where  only  one  color  or  one  type  of  uphols- 
tery can  be  used,  what  color  would  please  the  greatest 
number  of  people,  and  what  the  second  greatest  number? 

R.  S.  Quaintance  : — It  has  not  been  determined  what 
color  is  the  most  popular.  We  must  be  guided  by  the 
color  selected  by  the  car  builders.  We  have  no  means  of 
determining  which  color  would  actually  be  the  most  pop- 
ular with  the  purchasers  of  cars.  Blue,  probably,  is  the 
most  popular;  gray  comes  next. 

Chairman  E.  G.  Budd: — Which  color  would  show  the 
more  correct  taste? 

Mr.  Quaintance:  —  Both  show  correct  taste.  One 
would  not  say,  for  instance,  that  red  is  a  correct  color 
for  the  interior  of  a  car.  Both  blue  and  gray  are  suit- 
able; blue,  however,  is  a  cold  color.  Gray  is  neutral;  it 
is  neither  cold  nor  warm.  Blue  is  extremely  popular.  I 
think  brown  is  the  most  desirable  color  for  a  closed  car, 
because  it  is  one  of  the  warmer  colors. 

Mr.  Neerken: — Is  it  not  necessary  to  choose  a  more 
or  less  neutral  color  so  that  it  will  harmonize  with  what 
people  wear?  If  one  chooses  a  bright  distinctive  color, 
it  will  not  appeal  to  many  people. 

Mr.  Quaintance: — On  the  other  hand,  a  neutral  color 
is  ultra-conservative.  A  blue  color  need  not  be  disagree- 
able ;  in  fact,  it  can  be  made  agreeable  very  readily.  We 
would  not  use  a  pronounced  blue,  which  might  affect  cer- 
tain personalities.  Blue  is  the  coldest  of  all  colors,  and 
some  types  of  blue  actually  might  be  depressing.  By  mix- 
ing or  toning  the  blue  down  to  some  of  the  warmer  colors, 
one  could  effect  an  almost  neutral  color  harmony  by 
using  blue  as  the  dominant  color;  it  would  not,  however, 
be  an  intense  blue. 


J.  E.  Schipper: — Is  there  anything  about  the  colors 
themselves  that  makes  them  more  or  less  susceptible  to 
fading,  thereby  causing  unevenness  in  the  appearance  of 
the  upholstery? 

Mr.  Quaintance: — Yes,  some  colors  will  fade.  Blue 
will  fade  first.  Tones  of  red  come  next.  It  is  also  very 
difficult  to  prevent  green  from  fading.  However,  manu- 
facturers today  are  able  to  produce  fabrics  that  will  not 
fade  readily,  but  in  time  the  sun  will  affect  all  shades 
of  blue. 

A  Member: — Is  it  not  true  that  there  is  a  manifest 
tendency  toward  the  red-gi-ays  in  upholstery?  Gray  is 
suitable  as  a  background  for  harmonizing  any  body  color. 
Red-gray  is  more  permanent  and  is  warmer. 

Mr.  Quaintance: — That  is  true;  it  will  produce  a  very 
harmonious,  interesting  color  scheme. 

A  Member: — Is  there  not  some  rule  to  determine  what 
the  color  of  upholstery  should  be  to  harmonize  with  the 
body  color  outside? 

Mr.  Quaintance: — There  is  no  fixed  rule;  a  wide  lati- 
tude is  provided  for  body-color  paint.  Colors  must  be 
selected  with  a  knowledge  of  their  relationship  to  one 
another.  If  the  dominant  hue  on  the  interior  is  on  one 
side  of  the  color  circle,  one  is  privileged  to  go  180  deg. 
on  that  circle  to  obtain  a  suitable  color  for  the  outside; 
or,  one  may  use  a  color  distinctly  related  to  the  interior. 

A  Member: — Suppose  one  used  a  maroon  color  for  the 
outside  of  the  body,  would  it  be  safe  as  a  rule  to  use 
gray  for  the  inside?  That  would  harmonize  with  the 
outside  maroon  color. 

Mr.  Quaintance  : — That  would  be  a  safe  rule,  but  one 
does  not  wish  to  limit  the  choice  to  that ;  there  are  other 
equally  safe  combinations. 

A  Member: — Is  not  the  tendency  of  the  times  more 
toward  that  type  of  decorating  than  toward  any  other? 

Mr.  Quaintance: — I  have  not  noticed  that  there  has 
been  any  fixed  rule  in  regard  to  applying  any  particular 
color  in  prefei'ence  to  any  other.  My  observation  has  been 
that  there  has  been  no  great  departure  from  a  related 
color  scheme  between  the  exterior  and  the  interior. 

A  Member: — Is  not  the  tendency  always  toward  a 
gray,  if  possible,  for  the  interior? 

Mr.  Quaintance: — Yes. 

Chairman  Budd: — In  regard  to  the  point  of  emphasiz- 
ing the  interior  by  spots  of  color,  how  can  that  be  done 
on  the  outside  of  the  car? 

Mr.  Quaintance: — Most  of  the  car  exteriors  are  so 
conservative  that  I  have  not  been  concerned  about  them, 
but  I  think  it  would  not  be  necessary  to  put  spots  of  color 
on  the  exterior  if  the  cars  were  painted  some  color  other 
than  black.  The  interior  primarily  exerts  an  influence 
upon  the  passenger  and  that  influence  may  be  either 
agreeable  or  disagreeable.  In  the  case  of  conservative 
harmony  schemes,  we  can  eliminate  much  of  the  depress- 
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tag  sameness  that  is  to  be  sensed  in  some  interiors  by  an 
occasional  Bpot  of  complementary  color. 

Chairman  Budd:— Most  cars  start  with  black  on  the 
hood  and  fenders,  and  usually  are  black  on  the  roof. 

Mic.  QUAINTANCE:  Black  is  neutral  ami  can  lie  used 
with  any  color  in  the  circle;  the  same  thing  is  true  of 
gray  and  white. 

(  ti.iiKM an  Budd: — Would  no  body  color  that  we  might 
make  clash  with  black? 

Mk.  QUAINTANCE  :  No,  although  one  could  use  a  strong 
contrast.  White  would  be  the  strongest  contrast,  but 
white  is  not  a  color.  Yellow  would  be  the  strongest  con- 
trast, but  that  would  not   be  discordant. 

G.  W.  Kerr:—]  think  that  the  last  paragraph  of  Mr. 

Quaintance's  remarks  about  body  color  is  hardly  justified 
by  the  tacts.  From  the  beginning,  automobiles  have 
been  painted  practically  all  colors  of  the  rainbow.  The 
all-black  car  is  the  exception  rather  than  the  rule.  Many 
production  cars  are  painted  blue  and  others  are  painted 
green.  Other  colors  than  these  are  and  have  been  used 
continuously  since  the  automobile  came  into  use.  I  think 
he  laid  hardly  enough  stress  upon  the  subject  of  making 
the  upholstery  match  or  harmonize  with  the  paint  that 
is  selected  for  the  outside  of  the  car.  There  is  a  har- 
mony of  contrast  and  a  harmony  of  matching.  With  a 
color  like  yellow,  for  instance,  the  best  contrast  would  be 
blue.  A  color  frequently  is  selected  for  the  body  of  a  car 
that  has  a  complementary  or  best  contrast  color  not  in 
itself  pretty  or  one  that  appeals  to  the  eye.  In  a  case 
like  that,  it  is  necessary  to  use  some  other  part  of  the 
color  circle  that  will  provide  harmony.  Maroon  is  a  color 
difficult  to  harmonize  by  contrast  because  its  comple- 
mentary lies  in  the  greenish-yellows,  which  are  very  poor 
colors  and  not  handsome;  but  it  always  is  possible  to 
harmonize  with  maroon  by  matching  and  using  a  mate- 
rial corresponding  with  it.  Another  important  resource 
in  harmonizing  upholstery  with  exterior  finishing  is  the 
use  of  the  neutrals,  white,  black,  gray,  silver  and  gold. 
Silver  and  gold  harmonize  with  anything;  white  and 
black  are  suitable  for  use  with  any  color,  arid  so  are  the 
grays  usually.  If  harmony  cannot  be  attained  with  a 
certain  color,  we  may  resort  to  a  neutral  and  obtain  a 
contrast  of  a  slightly  lower  tone  than  is  found  by  using 
the  complementary. 

G.  .1.  MERCER: — Selecting  fabrics  from  small  samples 
of  goods  will  at  times  be  disappointing.  That  is  to  say, 
when  the  fabric  is  used  to  trim  the  interior  of  the  car 
and  a  larger  quantity  is  used,  the  appearance  may  be 
different  from  the  impression  one  gets  from  the  sam- 
ple. Do  any  particular  shades  have  that  tendency  more 
than  others '.' 

Mk.  QUAINTANCE : — Not  that  I  have  observed.  I  believe 
that  possibility  applies  to  all  colors.  On  the  other  hand, 
a  large  piece  of  cloth  will  also  be  deceptive  when  draped 
as  cloths  generally  are.  The  color  that  is  synonymous  to 
light  will  catch  and  reflect  the  light  and  produce  on  a 
large  piece  of  cloth  a  sheen,  a  glow-,  which  will  be  equally 
as  deceptive  as  a  small  piece  of  cloth  would  be.  It  is 
necessary  to  use  one's  imagination  largely  when  selecting 
fabrics.  Trimming  a  sample  job  and  then  determining 
its  value  is  a  good  plan  that  has  been  tried.  That  is  one 
of  the  safest  ways,  although  an  expensive  one,  to  deter- 
mine whether  a  particular  cloth  will  meet  the  needs  of  a 
particular  company. 

Mr.  MERCER: — One  fabric  manufacturer  used  to  show 
all  the  laces,  cloths  and  silks  draped  under  conditions  sim- 
ilar to  those  of  the  interior  of  a  car.  Is  that  method  still 
followed  ? 

Mr.  Quaintance: — A  number  of  car-fabric  manufac- 


turers will  furnish,  with  the  samples  of  the  fabric,  sam- 
ples also  of  the  laces,  the  seaming  to  be  used,  curtain  silk, 
carpets,  curtain  cord  and  the  like,  but  I  do  not  believe 
they  enable  one  to  determine  whether  the  cloth  will  be 
satisfactory  after  it  is  installed.  They  merely  aid  in  vis- 
ualizing in  a  measure  the  color  harmony  that  is  possible 
in  the  interior  through  the  use  of  the  different  trimming 
accessories.  Do  you  mean  that  some  fabric  manufac- 
turers used  to  trim  a  model  car? 

Mr.  Mercer: — No,  the  materials  were  draped  in  a 
manner  to  give  a  good  impression  of  the  back  and  side, 
for  instance. 

Mr.  QUAINTANCE: — I  have  never  seen  that  done.  It  is 
i  ustomary  with  my  firm  to  show  cloth  draped  over  an 
arm.  That  will  demonstrate  how  the  cloth  will  tuck  in 
on  the  plaits  and  corners,  and  enable  one  to  get  a  con- 
ception of  how  it  would  look  on  the  sides.  I  know  of  no 
one  who  provides  an  atmosphere  that  would  enable  a 
customer  to  judge  correctly  how  the  materials  would  look 
in  tht  interior  of  the  car  itself. 

W.  C.  Karns: — My  experience  has  been  that  what  ap- 
peals to  one  person  does  not  appeal  to  another.  Would 
you  not  deem  it  advisable  to  change  the  various  fabrics 
to  comply  with  the  varieties  of  taste? 

Mr.  Quaintance: — Yes.  One  of  the  serious  mistakes 
of  merchandising  lies  in  offering  only  one  example  of  car 
interior  to  customers.  In  my  opinion  they  should  have 
a  choice,  because  certain  colors  produce  definite  effects 
on  certain  personalities.  For  instance,  the  red  colors  are 
warm  and  the  blue  colors  are  cold.  The  red  is  stimu- 
lating and  the  blue  is  depressing.  To  a  nervous,  volatile 
type  of  person,  a  color  on  the  warm  side  of  the  circle 
might  be  sufficiently  stimulating  to  be  really  exciting. 
That  person  probably  would  feel  at  home  and  be  more 
comfortable  with  a  color  scheme  based  on  the  warm  side 
of  the  circle  because  of  his  nervous  temperament.  On 
the  other  hand,  the  phlegmatic  type  would  probably  pre- 
fer the  blue  side.  But  that  side,  if  he  only  knew  it,  would 
produce  a  feeling  of  depression  and  be  too  soothing  and 
quieting,  although  it  might  appeal  to  him  more  than  the 
warm  side.  There  is  a  definite  personal  feeling  to  be 
secured  from  colors  and  whether  people  are  conscious  of 
it  or  not,  they  respond  to  their  influence.  Almost  every- 
one has  sensed  color,  even  though  he  has  not  been  able 
to  define  his  feeling  of  comfort  or  happiness  in  the  pres- 
ence of  certain  hues.  Comfort  or  happiness  or  depres- 
sion is  the  result  of  the  proper  or  improper  use  of  colors. 
A  choice  should  be  provided  by  the  car  builder  because  of 
this  wide  variety  of  personalities  among  customers. 

Charles  F.  Hopewell: — The  paper  can  be  divided 
into  two  distinct  sections,  one  relating  to  car-upholstery 
color-harmony  and  the  other  to  upholstery  materials.  I 
agree  fully  with  Mr.  Quaintance's  plea  for  better  color- 
harmony.  He  states  the  fact  that  the  less  obvious  the 
color  element  is,  the  more  quality  the  different  tones 
possess.  He  also  states  that  tints  and  shades  rather 
than  pure  colors  should  be  used.  One  of  the  most  effec- 
tive means  of  obtaining  this  tone  of  color  is  the  use  of 
cut  and  uncut-pile  mohair-plush.  We  are  all  familiar 
with  this  type  of  plush,  as  it  is  a  standard  in  Pullman 
cars. 

I  disagree  in  regard  to  his  conclusions  as  to  woolen 
fabric  being  the  best  fabric  to  use  for  closed-car  uphols- 
tery. However,  Mr.  Quaintance  does  state  that  mohairs 
woven  from  the  hair  of  the  angora  goat  are  extremely 
serviceable,  and  he  further  states  that  velours  give  a 
rich,  luxurious  effect.  The  United  States  Department  of 
Agriculture  Bulletin  states  that  mohair  has  a  luster  pecu- 
liarly its  own.     Therefore,  does  it  not  necessarily  follow 
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that  mohair  plush  is  extremely  serviceable  and  most 
luxurious?  I  think  this  alone  should  disprove  Mr.  Quain- 
tance's  contention  for  the  use  of  various  kinds  of  weaves 
of  woolen  cloths  in  preference  to  mohair  plush. 

Closed-car  upholstery  should  possess  durability,  sani- 
tary qualities  and  good  appearance  during  the  life  of  the 
car.  In  regard  to  the  durability  and  sanitary  qualities 
of  mohair  plush,  let  me  recall  to  you  the  paper  presented 
by  Charles  B.  Dudley,  who  was  for  many  years  head 
chemist  of  the  Pennsylvania  Railroad,  before  the  Amer- 
ican Public  Health  Association.  His  conclusion,  after 
exhaustive  tests  covering  a  period  of  more  than  a  year 
on  a  variety  of  fabrics,  was  that  from  the  standpoint  of 
health  a  mohair-pile  fabric  is  the  only  one  that  should 
be  used.  As  regards  durability,  we  know  that  they  are 
used  universally  in  railroad  cars,  as  no  other  fabric  has 
been  found  equal  to  mohair  plush  for  wear. 

The  last  few  years  have  seen  the  development  of  mo- 
hair tapestry  plush  now  being  used  on  furniture  that  can 
be  seen  in  the  newer  hotel  lobbies.  It  has  been  adopted 
for  both  its  appearance  and  wearing  qualities.  It  is  now 
available  for  car  upholstery.     Many  fabrics  possess,  at  the 


time  of  the  sale  of  the  car,  all  the  requisites  of  appear- 
ance; yet  none  surpasses  in  appearance  or  possesses  the 
wearing  qualities  of  mohair  plush  with  its  pile  fabrics. 

We  all  know  that  it  is  impossible  to  keep  oil,  grease, 
dirt  or  tar-laden  dust  out  of  a  car.  Mr.  Quaintance  rec- 
ommends the  protection  of  the  car  upholstery  by  slip- 
covers, during  the  period  in  which  the  windows  of  the 
car  are  open.  Such  covers  are  absolutely  necessary 
with  woolen  fabrics,  but  are  not  necessary  with  mohair 
plush.  After  a  woolen,  or  non-pile,  fabric  has  been 
spotted  with  oil  or  tar  and  dust,  if  we  seek  to  remove  the 
spot,  say  with  gasoline,  we  do  a  poor  job  at  the  best,  and 
the  location  of  the  spot  becomes  manifest  as  soon  as  the 
upholstery  is  again  exposed  to  dust.  This  is  not  true 
with  mohair-pile  plush,  as  any  spot  that  may  exist  is  on 
the  woven  back  of  the  plush  and  the  pile  face  hides  it 
entirely. 

I  do  not  say  that  there  is  no  field  for  a  woolen  fabric 
for  closed-car  upholstery,  for  in  many  cases,  where  price 
governs  quality,  such  a  field  exists.  Where  quality,  dura- 
bility and  continuous  good  appearance  govern,  mohair 
plush  is  supreme  for  use  as  closed-car  upholstery. 


MANIFOLD  VAPORIZATION  AND  EXHAUST-GAS 

TEMPERATURES 


BY    0.    C.    BERRY    AND    C.    S.    KEGERREIS 


STATING  that  present  internal-combustion  engine 
fuel  is  too  low  in  volatility  for  economical  use  and 
that  this  is  the  cause  of  engine-maintenance  troubles, 
the  authors  believe  that,  since  it  is  not  possible  to  ob- 
tain the  more  volatile  grades  in  sufficient  quanitity,  the 
only  hope  of  remedying  this  condition  is  to  learn  how 
to  use  the  heavy  fuel,  and  that  the  most  promising 
method  of  doing  this  lies  in  the  effective  use  of  heat. 

As  the  experimental  data  regarding  the  best  tem- 
perature at  which  to  maintain  the  metal  in  a  hot-spot 
manifold  and  the  range  of  temperatures  available  in 
the  exhaust  gases,  are  meager,  the  authors  experi- 
mented in  the  Purdue  University  laboratory  to  secure 
additional  data.  They  present  a  summary  of  the  re- 
sults. They  feel  that  the  exhaust-gas  temperatures 
are  high  enough  so  that  properly  designed  manifolds, 
together  with  thermostatically  controlled  carbureter 
temperatures,  should  make  possible  the  satisfactory 
carburetion  of  fuels  considerably  heavier  than  the  pres- 
ent "power"  gasoline,  without  seriously  limiting  the 
power,  efficiency  or  flexibility  of  passenger-car  engines 
or  causing  any  engine-maintenance  troubles.  [Printed 
in  the  March,  1922,  issue  of  The  Journal.] 

THE  DISCUSSION 

P.  S.  Tice: — It  lately  has  been  impressed  upon  the 
minds  of  automotive  engineers  that  at  least  a  close  ap- 
proximation to  complete  vaporization  in  the  intake  is 
essential.  Not  only  does  it  increase  the  utilization  of 
fuel  but  it  is  utterly  impossible  without  it  to  use  fuel- 
metering  characteristics  in  the  carbureter  that  result  in 
maximum  utilization.  When  considering  the  use  of  ex- 
haust heat  to  produce  vaporization,  it  must  be  noted  that 
as  combustion  of  the  fuel  in  the  cylinder  become  more 
complete  less  heat  is  available  in  the  exhaust.  However, 
the  ratio  between  the  heat  available  and  the  heat  needed 
for  vaporization  always  increases  as  utilization  is  in- 
creased. 

A  study  of  the  curves  presented  by  Messrs.  Berry  and 


Kegerreis  brings  out  the  fact  that  all  the  data  presented 
were  obtained  under  conditions  of  comparatively  small 
utilization.  For  instance,  consider  their  curve  of  ex- 
haust temperature  versus  mixture-ratio.  With  the  great- 
est possible  utilization,  this  curve  is  not  only  lower  on  the 
temperature  scale  but  it  has  a  different  shape  and  a  dif- 
ferent general  slope.  What  complete  vaporization  really 
does  is  to  give  to  the  effective  mixture  in  the  cylinders 
proportions  equal  to  those  of  the  overall  or  metered  mix- 
ture. Unvaporized  fuel  does  not  burn;  hence,  the  effec- 
tive mixture  is  poorer  in  fuel  than  the  overall  or  metered 
mixture  by  the  relative  amount  of  liquid  in  the  cylinders 
at  ignition.  There  are,  of  course,  other  aggravating  cir- 
cumstances. Chief  of  these  is  the  one  that  admission  of 
liquid  fuel  to  the  cylinders  cannot  result  only  in  non- 
homogeneous  mixtures. 

The  brake  thermal  efficiency  of  just  over  13  per  cent  at 
one-half  load,  as  in  the  curve  in  Fig.  6  of  the  paper,  pre- 
supposes an  overall  or  gross  mixture-ratio  of  between  9 
and  10.  While  it  is  probable  that  the  brake  efficiency 
here  shown  was  not  the  maximum  that  could  have  been 
obtained  under  the  conditions  established  by  the  authors 
at  one-half  load,  it  is  equally  probable  that  it  could  not 
have  been  much  higher.  In  this  connection  it  is  interest- 
ing to  note  that,  with  complete  vaporization  and  therefore 
equal  distribution  and  high  utilization,  such  an  engine 
at  the  same  speed  and  relative  load  shows  a  brake  thermal 
efficiency  of  22  per  cent  with  a  mixture-ratio  of  between 
15  and  16.  Experimental  observation  shows  that,  in 
general,  with  conventional  service  methods  of  vaporiza- 
tion, an  overall  ratio  of  between  9  and  11  is  required  to 
secure  an  effective  ratio  of  from  13  to  16. 

The  authors'  results  on  vaporization  from  a  hot  plate 
are  interesting,  even  if  they  are  inconclusive.  They  at 
least  point  out  the  fact  that  it  is  easily  possible  to  secure 
data  from  which  one  can  design  to  secure  fuel  vapori- 
zation. 
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CAR      SPEED 

Flo.   4 — Curves   Showing  the   General   Relation  be- 
tween   THE     Heat    REQUIRE!,    TO    VAPORIZE    FUEL    AND 

That  Present  in  the  Exhaust  c.as  at  Different  Car 

kds 

In  any  car,  it  is  possible  to  plot  with  great  definiteness 
the  two  extreme  sets  of  conditions  surrounding  vaporiza- 
tion of  fuel  by  exhaust  as  shown  in  Fig.  4.  I  made 
such  plottings  some  years  ago  for  several  cars  that  were 
available  for  experimental  work.  I  was  forced  to  con- 
clude, with  Messrs.  Berry  and  Kegerreis,  that  the  only 
doubtful  combination  of  conditions  might  be  that  exist- 
ing at  the  smallest  loads  at  the  lowest  speeds.    But,  even 


fuel  evaporated  from  a  unit  surface  in  a  unit  time.  The 
authors'  plots  of  time  versus  temperature  of  a  hot  plate 
show  in  some  measure  why  this  is  so.  Furthermore,  it 
soon  was  found  that  the  effective  capacity  of  a  unit  sur- 
face depends  very  importantly  upon  the  manner  in  which 
the  liquid  is  brought  to  the  surface;  this,  in  general,  was 
independent  of  the  temperature  of  the  surface. 

Briefly,  the  highest  vaporizing  capacity  of  a  unit  sur- 
face results  from  finely  spraying  the  fuel  upon  a  hot  sur- 
face at  such  a  rate  as  just  to  fall  short  of  wetting  the 
surface.  When  the  fuel  is  so  applied,  the  vaporizing 
capacity  of  a  unit  surface   having   a   given   amount  of 


FUEL     SUPPLIED 
B"io.  5— Curves  of  the  Capacity  for  Vaporizino  Fuel 

there,  considering  that  the  heat  is  available  only  at  com- 
paratively low  temperatures,  its  quantity  and  the  tem- 
peratures at  which  it  is  available  are  sufficient  for  our 
needs  if  advantage  is  taken  of  the  conditions  that  exist 
in  a  throttled  engine.  The  only  thing  that  the  designer 
is  forced  to  create  for  himself  in  such  a  case  is  a  reason- 
ably efficient  heat-transfer  from  the  exhaust  gas  to  the 
fuel  liquid. 

My  early  work  directed  toward  the  attainment  of  this 
reasonably  efficient  heat-interchange  showed  definitely 
that  a  simple  flow  of  liquid,  either  in  streams  or  in  a  thin 
film  over  a  heated  surface,  did  not  result  in  a  usefully 
high  vaporizing  capacity  expressed  in  terms  of  weight  of 


CAR     SPEED 


Fig.  6 — The  Relation  between  the  Required  Amount  of 
Surface  To  Vaporize  the  Fuel  and  the  Car  Speed 

available  heat  is  an  inverse  function  of  the  size  of  the 
liquid  particles  or  globules.  With  an  intake  embodying 
this  idea  and  arranged  so  that  the  vaporized  fuel  can  be 
quantitatively  determined,  plottings  of  capacity  assume 
the  general  form  shown  in  Fig.  5.  Each  curve  represents 
a  constantly  available  quantity  of  heat  at  a  constant  tem- 
perature. As  soon  as  the  surface  shows  wetting,  the 
ratio  Q'V  starts  to  fall  with  great  rapidity.  The  dotted 
curve  shows  the  general  effect  of  increasing  the  division 


TIME 

Fig.  7 — How  the  Exhaust  Temperature  Increases  as 
the  Time  of  Running  Increases 
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of  the  liquid  before  its  contact  with  the  heated  surface. 

Not  only  does  this  spraying  method  greatly  increase 
the  capacity  of  a  unit  surface  under  given  heat-supply 
conditions,  but  it  makes  possible  the  uniform  loading  of 
whatever  surface  is  employed.  Most  important  of  all,  I 
believe,  the  spheroidal  condition  is  never  found  at  any 
temperature  encountered  in  such  a  system.  From  the 
spacings  of  the  curves  in  Fig.  5,  it  is  seen  that  an  in- 
creased heat  application  under  car-operating  conditions 
results  in  an  increase  in  capacity.  This  increase  is  sub- 
stantially one  of  direct  proportionality  so  long  as  wetting 
of  the  surface  is  avoided. 

A  plotting  of  the  required  vaporizing  surface  versus 
car  speed,  for  any  car,  assumes  the  form  shown  in  Fig.  6. 
Such  a  result  shows  that  the  end  of  the  range  of  opera- 
tion that  determines  the  extent  of  surface  for  vaporiza- 
tion is  that  of  the  small  load  and  low-speed.  Having  de- 
signed for  this  set  of  conditions,  the  remainder  of  the 
range  takes  care  of  itself.  If  it  were  physically  possible 
to  apply  all  the  fuel  in  the  form  of  a  fine  spray  to  a  sur- 
face of  2  sq.  in.,  this  surface  would  be  adequate  to  secure 
dryness  in  the  intake  of  a  Ford  engine,  provided  heat 
could  be  made  available  to  it  at  a  sufficient  rate. 

The  practically  controlling  factor  in  the  use  of  the 
method  of  finely  spraying  the  fuel  upon  a  heated  sur- 
face, is  not  the  extent  of  the  surface  per  se,  but  the  appli- 
cation of  the  spray  to  that  surface.  That  is  to  say,  the 
heated  surface  must  be  so  located  and  of  such  a  size  as 
to  include  all  the  fuel  particles.  The  fact  that  the  liquid 
is  finely  divided  presupposes  that  it  is  occupying  a  con- 
siderable volume.  To  return  to  the  case  of  the  Ford 
engine,  the  extent  of  vaporizing  surface  to  give  complete 
dryness  under  all  conditions  is  represented  by  the  surface 
and  one  end  of  a  cylinder  2  in.  in  diameter  and  3i  in. 
long,  or  a  total  area  of  8  sq.  in.  Further  practical  ser- 
vice considerations  make  it  desirable  to  exceed  by  from 
two  to  three  times  the  extent  of  surface  actually  needed 
to  secure  dryness  under  normal  operation. 

Let  us  consider  the  case  where  a  man  goes  to  his  un- 
heated  garage,  starts  his  car,  drives  off  at  about  20  m.p.h. 
and  continues  to  run  at  that  rate  until  the  temperatures 
throughout  the  engine  shall  have  come  into  equilibrium. 
The  first  temperature  to  do  so  will  be  that  of  the  ex- 
haust ;  but  one  must  run  for  some  20  min.  or  more  be- 
fore that  temperature  becomes  stable,  as>  indicated  in 
Fig.  7.  This  means  that,  for  several  minutes  after  start- 
ing, liquid  fuel  will  pass  into  the  cylinders  and  cause 
more  or  less  trouble  in  addition  to  impoverishing  the  ef- 
fective mixture. 

To  practically  eliminate  this  condition,  it  is  my  prac- 
tice to  make  the  extent  of  the  vaporizing  surface  two 
to  three  times  that  actually  needed.  This  enlargement 
of  the  vaporizing  surface  in  no  way  alters  the  normal 
temperatures  of  the  charge,  but  it  does  enormously  accel- 
erate their  rise  to  normal  values. 

L.  C.  Marburg: — In  these  curves  showing  temperatures 
at  varying  speeds,  how  was  the  variable  speed  obtained? 
Mas  the  spark  changed  or  was  the  speed  secured  entirely 
by  opening  and  closing  the  throttle?  If  the  latter  was 
the  case,  where  was  the  spark  set?  It  seems  to  me  that 
the  curve  must  be  different  with  an  early  spark  than  with 
a  late  one. 

E.  D.  Thurston,  Jr.: — How  were  the  exhaust  temper- 
atures measured  and  at  just  what  point?  I  know  of 
some  experiments  which  showed  that,  in  the  movement 
of  the  thermocouple  or  other  means  employed,  a  very 
short  distance  will  make  a  considerable  difference  in  the 
temperatures  found  for  the  exhaust  gases. 

R.  E.  Wilson: — How  did  the  temperature  at  which 


this  spheroidal  condition  began  compare  with  the  end- 
point  of  the  fuel?  An  interesting  fact  in  connection 
with  the  work  of  these  authors  is  that  the  composition 
of  the  mixture  boiling  at  a  constant  rate  on  the  hot-spot 
that  is  described  was  presumably  identical  with  what  we 
have  prepared  and  termed  the  "equilibrium  solution"  in 
determining  the  "condensation  temperatures"  of  fuels. 
It  is  also  interesting  to  note  that  the  temperature  of  the 
liquid  when  it  takes  on  the  spheroidal  condition  must 
actually  be  lower  than  that  of  the  more  rapidly  vaporizing 
liquid  when  the  temperature  of  the  metal  is  lower.  In 
other  words,  as  we  go  for  a  considerable  distance  above 
the  point  where  the  spheroidal  condition  is  approached, 
the  higher  the  temperature  of  the  metal  is,  the  lower 
the  temperature  of  the  liquid  will  be,  since  the  rate  of 
vaporization  of  the  liquid  is  a  good  measure  of  its  mean 
effective  temperature.  This  undoubtedly  accounts  for  the 
fact  that  less  decomposition  was  observed  when  the  fuel 
was  in  the  spheroidal  condition  than  when  the  rate  of 
vaporization  was  at  a  maximum  just  before  the  sphe- 
roidal condition  was  approached. 

0.  C.  Berry  : — Mr.  Tice  has  developed  a  method  of  va- 
porizing liquid  fuel  by  spraying  it  on  to  a  heated  sur- 
face. As  he  points  out,  the  amount  of  fuel  that  can  be 
vaporized  per  square  inch  of  surface  is  greater  under 
these  conditions  than  when  the  liquid  flows  onto  the 
heated  surface.  We  are  therefore  pleased  to  get  his 
figures  showing  the  rates  of  vaporization  that  can  be 
obtained  in  this  way.  The  fact  nevertheless  remains 
that  the  majority  of  heated  manifolds  makes  use  of  the 
other  method,  and  the  figures  presented  in  this  paper  are 
directly  applicable  to  these  cases. 

We  do  not  wish  either  Mr.  Tice's  remarks  or  our  own 
to  be  interpreted  as  indicating  that  the  critical  condi- 
tion for  a  manifold,  or  the  one  where  failure  is  most 
likely  to  occur,  is  when  operating  at  low  speed  and  low 
load.  This  is  more  critical  than  when  higher  speeds  or 
higher  loads  are  maintained  steadily,  but  the  real  dan- 
ger point  is  when  a  heavy  load  is  thrown  upon  the  engine 
immediately  following  an  extended  period  of  slow-speed 
low-power  operation. 

In  reply  to  Mr.  Marburg,  the  various  speeds  were  ob- 
tained by  changing  the  load  on  the  dynamometer.  The 
throttle  was  wide-open  in  all  cases  for  the  full-load  tests. 
The  spark  setting  was  a  compromise  and  was  kept  con- 
stant at  all  speeds  at  the  same  load  during  a  variable- 
speed  series. 

In  reply  to  Mr.  Thurston,  the  location  of  the  thermo- 
couple was  near  exhaust-valve  No.  5.  The  thermocouple 
was  allowed  to  project  into  the  intake-manifold,  into  the 
gases  themselves.  Considerable  care  was  taken  to  insu- 
late the  wire  from  the  metal  by  asbestos,  to  prevent  the 
flow  of  heat  from  the  wires  to  the  exhaust-manifold  wall. 
One  can  well  understand  that  the  wires  would  have  con- 
siderable heat-conducting  capacity  and,  if  they  were 
brought  into  intimate  contact  with  the  colder  metals  of 
the  exhaust-manifold,  the  temperature  recorded  would  be 
much  too  low.  It  is  true  that  the  temperature  will  vary 
markedly  with  the  location  of  the  thermocouple.  It  is 
our  effort  here  not  to  get  exact  figures  that  would  be  uni- 
versally applicable,  but  simply  to  get  a  general  idea  of 
the  magnitude  of  the  forces  with  which  we  have  to  deal. 

As  to  Professor  Wilson's  question  of  the  comparison  of 
the  spheroidal  state  and  the  end-point,  unfortunately  I 
had  not  thought  of  it  in  that  way.  One  can  take  from 
the  curves  the  temperature  at  which  the  spheroidal  state 
begins,  and  we  have  figures  showing  the  distillation 
curves  of  the  fuel  in  10-per  cent  increments.  The  end- 
point  is  given  in  each  case. 
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AIR-COOLED  KNGINE  DEVELOPMENT 


BY  CHARLES  L.  LAWKAM  1 


THE  development  of  air-cooled  engines  for  aircraft 
never   made    much    progress   until   the   war,   when 
the    British    attempted    to    improve    the    performance 

of  existing  engines  by  a  series  of  experiments  leading 
eventually  to  the  development  of  aluminum  cylinders 
with  steel  liners  and  aluminum  cylinder-heads  with 
a  steel  cylinder  screwed  into  the  head.  The  advan- 
tages of  those  constructions  and  the  disadvantages  of 
other  types  are  discussed.  Results  are  reported  of 
tests  at  McCook  Field  on  a  modern  cylinder-design  of 
this  type  showing  good  results,  that  lead  to  the  belief 
that  large  air-cooled  engines  will  be  produced  in  the 
near  future,  equal  in  performance  to  water-cooled  en- 
gines of  the  same  power.  It  is  claimed  that,  at  pres- 
ent, there  is  nothing  to  choose  in  performance  between 
water-cooled  and  air-cooled  engines  of  about  25  hp. 
per  cylinder,  and  that  air-cooled  engines  of  this  size 
can  be  built  successfully  of  the  same  compression- 
ratio  and  having  the  same  fuel-consumption  as  high- 
compression  water-cooled  types. 

An  explanation  is  given  of  the  reason  for  the  advan- 
tages of  aluminum  cylinders  and  head  constructions, 
and  a  chart  is  presented  showing  the  temperature  on 
the  front  and  the  rear  of  a  large  air-cooled  cylinder 
of  high  output.  The  question  of  the  cylinder-wall  tem- 
perature of  air-cooled  and  of  water-cooled  engines  is 
discussed,  and  it  is  indicated  that  there  is  not  much 
difference  in  temperature  between  the  two  types.  The 
water-cooled  engine  is  at  a  disadvantage  on  account  of 
the  number  of  heat  transfers  from  one  medium  to  an- 
other before  the  heat  reaches  the  air.  A  statement  is 
given  of  the  reason  air-cooled  engines  can  perform  sat- 
isfactorily with  less  cooling  area  than  is  required  for 
water-cooled  engines. 

The  subject  of  the  resistance  of  airplanes  having 
air-cooled  and  of  those  having  water-cooled  engines  is 
discussed,  attention  being  drawn  to  the  fact  that  lit- 
tle is  known  of  the  best  methods  of  installing  and  cowl- 
ing these  engines.  Various  suggestions  are  made  for 
possible  future  development  of  cowling,  to  permit  air- 
planes equipped  with  air-cooled  engines  to  offer  as  lit- 
the  resistance  as  those  equipped  with  water-cooled  en- 
gines. [Printed  in  the  February,  1922,  issue  of  The 
Journal.] 

THE  DISCUSSION 

Donald  Mackenzie:  —  I  am  almost  convinced  that 
the  air-cooled  engine  is  the  future  engine  for  aircraft. 
Has  any  measurement  been  made  of  the  exhaust  waste 
temperature?  I  believe  these  tests  were  made  on  the 
Hispano-Suiza  engine.  It  appears  that  the  power  car- 
ried away  in  the  cooling  system  was  roughly  one-half 
the  power  developed  at  the  brake.  Is  it  possible  to  esti- 
mate that? 

Charles  L.  Lawrance: — As  I  understand  the  tests 
made  at  the  Bureau  of  Standards,  the  amount  of  heat 
absorbed  by  the  cooling  system  was  about  12  to  15  per 
cent. 

Mb.  Mackenzie: — That  refers  to  the  total  heat  energy 
of  the  fuel,  but  the  loss  in  brake  horsepower  would  be 
about  twice  that  amount. 

Mr.  Lawrance: — I  do  not  know  that  any  such  tests 
have  been  made. 

S.  D.  Heron  : — Regarding  the  heat  dissipated  by  the  ex- 
ternal cooling  surfaces  of  an  aluminum-and-steel  air-cooled 
overhead  cylinder  of  the  type  mentioned  in  Mr.  Lawrance's 
paper,  this  has  been  found  to  be  approximately  60  per 
cent  of  the  heat  equivalent  of  the  brake  horsepower.    In 


addition,  heat  approximating  40  per  cent  of  that  devel- 
oped as  brake  horsepower  is  dissipated  by  the  oil,  crank- 
case  conduit  ion,  radiation  and  the  like. 

H.  M.  Crane:—  Mr.  Lawrance  has  given  a  very  inter- 
esting history  of  air-cooled-engine  development.  The  first 
thing  we  notice  is  that  the  air-cooled  engine  is  not  in  its 
infancy.  It  is  25  to  30  years  old.  In  fact,  the  early  fly- 
ing was  almost  invariably  done  with  air-cooled  engines. 
The  trend  of  thought  among  airplane  enthusiasts  was 
invariably  in  that  direction.  It  did  not  seem  possible 
that  the  water-cooled  engine  could  be  used.  One  of  the 
earliest  practical  water-cooled  engines  was  the  Antoin- 
ette, and  that  was  rather  an  exception.  We  have  Mr. 
Lawrance's  word  that  the  English  Channel  was  first 
crossed  with  an  Anzani  radial  engine,  which  is  a  fair 
example  of  an  early  type  of  radial  engine.  1  think  the 
air-cooled  engine  today  can  stand  on  its  merits,  and  that 
it  must  admit  that  it  had  at  least  an  equal  start  with  the 
water-cooled  engine.  I  think  it  started  earlier.  Even 
during  the  war,  the  water-cooled  engine  was  on  the  de- 
fensive. One  reason  was  that  the  designer  of  air-cooled 
engines  visualized  a  radial  engine  about  36  in.  in  diam- 
eter, producing  about  400  hp.  and  weighing  about  500  lb. 
Some  early  advertising  of  the  A.B.C.  Dragonfly  engine 
gave  figures  of  that  general  order,  although  the  engine 
had  a  greater  diameter  than  I  have  stated.  The  actual 
results  with  radial  air-cooled  engines  are  different  from 
what  we  have  been  promised  in  size  and  weight,  espe- 
cially when  we  reach  the  larger  horsepowers. 

What  important  features  of  construction  do  we  find 
in  the  two  engines  at  present?  Most  of  Mr.  Lawrance's 
drawings  show  radial  air-cooled  engines  with  single  cyl- 
inders, which  make  them  look  reasonably  simple.  As  a 
matter  of  fact,  there  is  no  comparison  between  the  two 
types  when  it  comes  to  rugged  simplicity  of  construction. 
The  8  and  12-cylinder  engines  of  modern  water-cooled 
design  are  about  as  rugged  when  compared  to  air-cooled 
engines  as  the  ordinary  automobile  engine  is  when  com- 
pared to  the  water-cooled  aviation  engine.  Mr.  Lawrance 
has  compared  a  very  modern  uptodate  radial  air-cooled 
engine,  which  I  know  is  the  result  of  years  of  pains- 
taking effort,  on  his  part,  with  a  water-cooled  engine, 
which  was  produced  in  large  quantities  under  the  stress 
of  war,  and  passed  daily  tests  on  the  basis  of  the  figures 
given  today. 

The  only  thing  to  do  is  to  compare  the  latest  uptodate 
air-cooled  engine  with  the  latest  uptodate  water-cooled 
engine  under  the  same  operating  conditions,  where  the 
mean  effective  pressure  of  the  water-cooled  engine 
reaches  145  lb.  per  sq.  in.  This  engine  weighs  620  lb.  and 
develops  400  hp.  at  2000  r.p.m.  on  an  extremely  low  gaso- 
line consumption  of  less  than  0.45  lb.  per  b.hp-hr.  If  we 
add  the  weight  of  radiator  and  proper  amount  of  water, 
we  still  have  a  lighter  weight  than  that  of  any  air-cooled 
engine,  which  shows  signs  of  running  satisfactorily  and 
develops  like  horsepower.  When  I  say  the  water-cooled 
engine  is  a  more  rugged  engine,  I  am  willing  to  include 
with  the  water-cooled  engine  the  necessary  radiator  and 
the  attachments  that  go  with  it.  I  think  no  such  radiator 
as  was  described  for  220-hp.  engines  is  necessary,  be- 
cause I  am  strongly  of  the  impression  that  the  300-hp. 
engine  was  cooled  with  two  radiators,  each  of  which 
weighed  less  than  30  lb. 

Granting  that  the  radial  air-cooled  engine  is  justified 
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as  an  engine,  there  is  nothing  to  indicate  that  it  is  a  good 
airplane  engine. 

I  went  to  France  in  1915  with  the  responsibility  of 
choosing  an  engine  that  could  be  built  in  the  United 
States.  The  Salmson  plant  interested  me  most  and  was 
by  far  the  best  operated  in  Paris  at  the  time.  It  had 
already  produced  a  250-hp.  engine  which  was  running 
excellently,  but  the  plant  was  absolutely  idle.  There  was 
not  an  order  in  hand  except  for  a  small  number  of  en- 
gines for  Russia.  This  was  because  the  airplane  de- 
signers recognized  the  fact  at  that  time  that  the  form  of 
the  engine  was  about  the  worst  possible  for  mounting  in 
an  airplane,  due  to  its  high  head-resistance.  Later  on, 
it  is  true,  the  stability  of  this  engine,  coupled  with  the 
services  of  a  progressive  and  uptodate  airplane  designer, 
resulted  in  producing  a  very  efficient  machine  in  this 
plant,  but  the  machines  used  in  the  war  were  of  a  dis- 
tinctly slow-speed  type,  compared  with  those  we  have  in 
mind  today.  We  heard  much  during  the  war  about  speeds 
of  130  and  140  m.p.h.,  but  they  were  not  realized.  The 
machines  of  110  m.p.h.  were  the  speediest  of  that  time. 

Not  only  is  the  form  of  the  engine  bad  from  the  aero- 
dynamic viewpoint,  but  it  is  bad  for  the  mounting  of 
accessories;  these  are  bound  to  be  important  points  in 
commercial  work,  due  to  the  necessity  of  wireless  and 
other  forms  of  electrical  generating  apparatus  being 
driven  by  the  engine.  The  engine  itself  is  not  particu- 
larly accessible.  It  is  difficult  to  mount  it  on  an  airplane 
and  it  does  not  compare  at  all  favorably  in  this  respect 
with  the  water-cooled  engine.  The  air-cooled  engine  is 
not  well  adapted  to  being  overhauled  and  reassembled. 
It  is  of  the  porcupine  type.  There  is  nothing  to  set  it 
down  on.  It  has  things  sticking  out  in  every  direction 
and  must  be  suspended  in  order  to  take  it  apart  suc- 
cessfully. Breakage  of  the  very  light  fins,  which  are 
essential  to  the  operation  and  light  weight  of  these  en- 
gines, is  a  common  occurrence  if  they  are  not  handled 
with  extreme  care,  and  part  of  the  cooling  effect  is  lost 
when  the  fins  are  broken. 

When  the  cooling,  mean  effective  pressure  and  various 
tests  of  the  kind  that  have  been  made  on  single-cylinder 
engines  are  done  with  a  full  knowledge  of  what  multi- 
cylinder  construction  means,  the  form  of  test  is  very  edi- 
fying, but  may  lead  to  great  misconceptions.  The  single 
cylinder  is  ideal  from  every  viewpoint  regarding  mix- 
ture-strength and  similar  considerations,  and  everything 
indicates  that  the  correct  mixture-strength  has  more  to 
do  with  the  low  temperature  of  the  exhaust-valve  and 
the  cylinder-walls  than  anything  else. 

It  is  easy  to  reach  these  conditions  in  a  single-cylinder 
engine;  in  a  multi-cylinder  engine  it  is  not.  Unless  they 
are  inside  the  safe  limit  of  cooling,  engines  that  run  suc- 
cessfully with  a  single  cylinder  are  apt  to  show  serious 
heating  difficulties  in  one  or  more  of  the  cylinders  when 
put  in  a  multi-cylinder  form  with  its  inseparable  differ- 
ences of  distribution. 

The  problem  of  parasite  resistance  is  still  undeter- 
mined. One  thing  which  must  be  decided  before  going 
into  that  matter  is  w'hat  we  are  to  do  with  the  exhaust. 
I  should  have  mentioned  this  in  regard  to  the  radial  air- 
cooled  engine;  it  is  a  bad  engine  from  which  to  handle 
the  exhaust.  Part  comes  from  an  ideal  place  below  the 
machine  and  part  directly  into  the  face  of  the  pilot,  un- 
less the  engine  has  a  manifold.  If  it  has  a  manifold,  the 
parasite  resistance  is  greatly  increased.  If  the  engine  is 
cooled  properly  and  has  a  fairly  large  diameter,  the 
pilot's  view  in  the  most  important  directions,  forward 
and  downward,  is  about  as  bad  as  it  could  be.  It  is  diffi- 
cult to  comprehend  how  a  pilot  can  be  mounted  behind 


a  50-in.  disc  and  see  much  in  the  direction  he  is  traveling. 
This  is  an  important  feature,  especially  in  military  ma- 
chines, and  it  seems  worth  considering  in  commercial 
machines.  As  no  one  has  operated  large,  air-cooled  en- 
gines successfully  in  any  other  form,  I  think  we  must 
consider  the  radial  form  as  possibly  the  only  successful 
form  at  present  where  power  results  approaching  those 
of  water-cooled  engines  can  be  expected.  For  that  rea- 
son, we  have  a  right  to  criticise  this  form  in  that  respect. 

We  do  many  things  in  different  ways.  Sometimes  we 
try  to  make  one  part  do  two  things  and  at  another  time 
we  find  it  is  better  to  have  two  parts,  each  particularly 
suited  to  its  own  work.  In  the  indirect  cooling  of  the 
water-cooled  engine,  the  radiator  is  designed  only  for 
maximum  cooling  and  minimum  head-resistance,  which 
can  be  accomplished.  If  the  radial  engine  is  restricted 
from  the  manufacturing  point  of  view,  the  fins  cannot  be 
put  on  in  the  proper  direction.  This  is  probably  not  at  a 
right  angle  to  the  central  line  of  the  cylinder;  it  might 
be  better  if  they  were  put  on  at  an  angular  slope  in  re- 
spect to  this  line. 

In  the  matter  of  cooling,  the  airplane  designer  should 
be  willing  to  sacrifice  head-resistance.  That  is  true  with 
the  cooling  of  the  rear  of  the  cylinder,  which  produces 
the  serious  parasite  resistance.  I  have  seen  photographs 
of  many  of  the  mountings  of  these  powerplants  and  do 
not  believe  for  a  moment  that  the  cooling  of  the  rear  of 
the  cylinders  as  shown  in  those  photographs  is  properly 
taken  care  of  at  all.  There  is  an  attempt  to  streamline 
the  cylinders  from  the  back,  to  prevent  the  turbulence  of 
the  air  behind  the  cylinders  that  is  necessary  for  proper 
cooling. 

Mr.  Hekon: — Evidently  Mr.  Crane  does  not  grant  the 
air-cooled  engine  a  single  advantage  over  its  rival,  and 
finds  only  ground  for  not  altogether  well  informed  or  un- 
biased criticism.  Although  it  is  granted  that  the  His- 
pano-Suiza  engine  was  undoubtedly  the  most  generally 
useful  to  the  Allies,  yet  in  the  British  army  the  air- 
cooled,  stationary,  V-type  engine  rendered  much  good 
service  to  the  cause  and  required  much  less  maintenance. 
Most  of  the  necessary  maintenance  could  be  done  without 
removing  the  engine  from  the  airplane.  The  single-cyl- 
inder-engine test  certainly  does  not  represent  air  condi- 
tions, but  something  much  more  severe.  Cooling  air- 
blast  velocities  are  almost  always  lower  than  those  ob- 
tained in  the  air,  and  all  the  British  figures  and  the  later 
figures  of  the  engineering  division  of  the  United  States 
War  Department  represent  results  maintained  on  contin- 
uous full-throttle  at  ground  level. 

C.  B.  Dicksee: — Mr.  Lawrance's  paper  forms  a  valu- 
able addition  to  the  information  available  on  the  subject 
of  air-cooled  engines.  The  air-cooled  engine  offers  many 
advantages  to  the  automotive  as  well  as  to  the  aeronau- 
tical engineer;  it  provides  one  solution  of  the  fuel  prob- 
lem, as  it  will  handle  the  heavy  ends  without  difficulty 
and,  when  it  is  heated-up,  if  provided  with  a  short  and 
direct  manifold,  will  run  on  kerosene  without  a  vaporizer. 

When  mentioning  cylinder  temperatures,  the  mixture- 
strength  must  be  taken  into  consideration,  as  this  has  a 
very  great  bearing  on  the  actual  temperature  recorded. 
As  an  illustration  of  this,  some  figures  taken  from  a  cyl- 
inder of  33g-in.  bore  and  5-in.  stroke,  running  at  1400 
r.p.m.  with  an  axial  air  velocity  of  only  1750  ft.  per  min., 
are  of  interest.  They  are  given  in  Table  1.  Various 
curves  also  are  shown  in  Fig.  8. 

The  airflow  being  axial,  the  temperatures  around  the 
working  barrel  were  very  uniform,  there  being  only  a  70 
to  80-deg.  fahr.  maximum  difference  at  the  upper  end  and 
less   than   30    deg.    fahr.    difference    at   the   lower    end. 
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Greater  differences,  of  course,  existed  on  the  combustion- 
chamber.  The  cylinder  was  of  east  iron  fitted  with  00 
sheet-steel  fins,  0.05  in.  thick  and  o.To  in.  high,  cast  in, 
so  as  to  produce  a  perfect  weld.  This  provides  a  very 
satisfactory  cylinder  for  moderate  outputs.  The  engine 
not  being  intended  for  high  duty,  no  attempts  have  been 
made  to  obtain  high  outputs.  The  air  velocity  used 
would,  probably,  be  too  low  for  continuous  operation  at 
the  output  recorded.  There  was,  however,  no  Bign  of 
detonation.  The  mixture-strengths  were  obtained  by 
converting  exhaust  analyses  taken  with  an  Orsat  ap- 
paratus into  pounds  of  air  per  pound  of  fuel  by  Dr. 
Watson's  combustion  chart.  The  last  column  of  Table  1 
will  answer  Mr.  McKenzie's  question  as  to  heat  carried 
away  by  the  cooling  air.  The  actual  figure  will  vary  with 
the  power  output  and  air-velocity  as  well  as  mixture- 
strength,  just  as  it  does  in  water-cooled  engines;  but  the 
values  are  of  the  same  order. 

It  is  possible  that  the  lack  of  satisfaction  .Mr.  Lawrance 
obtained  with  a  bolted-on  head  was  due  not  to  the  tact 
that  the  aluminum  was  not  carried  well  down  the  side  of 
the  combustion-chamber,  but  to  the  distortion  produced 
in  bolting-down.  Distortion  of  the  valve  seats  is  very 
easily  produced  in  this  way  and  any  leakage  will  produce 
excessive  temperatures.  An  increase  in  temperature  of 
250  deg.  fahr.,  due  to  a  very  slight  leak  in  the  spark-plug 
gasket  lias  been  noticed.  If  Mr.  Lawrance  will  replace 
the  few  large  bolts  with  a  greater  number  of  small  ones, 
his  difficulties  probably  will  disappear.  The  British  Air 
Board  reports  having  produced  a  satisfactory  cylinder  of 
this  type,  the  size  being,  I  think,  (>'•_■  x  8  in. 

There  is  no  mystery  as  to  the  quantity  of  heat  that 
can  be  taken  care  of  by  any  given  fin.  If  the  thermal 
conductivity  of  the  material,  the  dissipation  constant  for 
the  surface,  the  velocity  of  the  air  and  its  temperature 
difference  from  that  of  the  surface  are  known,  the  quan- 
tity of  heat  dissipated  by  any  given  fin  can  be  readily 
calculated. 

Mr.  Heron: — It  has  been  found  that  for  aluminum- 
and-steel  cylinders  of  the  type  shown  in  Mr..  Lawrance's 
paper,  the  maximum  cylinder-temperature  is  developed 
at  the  best  compression-ratio  on  an  air-fuel  ratio  of  12 
or  13  to  1  by  weight.  Mr.  Dicksee  mentions  calculating 
fin  sizes  and  sections.  Much  useful  work  can  be  and  has 
been  done  along  these  lines;  however,  the  theoretically 
correct  fin,  particularly  when  made  of  high-conductivity 
material,  is  of  such  section  that  it  cannot  be  produced 
commercially  and,  even  if  it  could  be,  it  would  be  ex- 
cessively fragile.  He  attributes  most  of  the  unsatis- 
factory performance  of  the  bolted-on  detachable-head 
cylinder  to  distortion.  The  R.A.E.  21T  5'L.  x  GU-in. 
bolted-on  head  cylinder  is  cited  as  an  example  of  a  suc- 
cessful bolted-on  head,  but  this  is  not  intended  to  be  de- 
tachable in  the  generally  accepted  sense.  No  evidence 
that  I  know  of  has  shown  that  the  power  output  or  fuel- 
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Fig.    S — Relation'  betwbbn   Cyi-inher   Temperatube  and   Mixture- 
Strength    in   a   3%    x    5-lN.    Aircraft  Engine   Running   at   1400 

R.P.M. 


consumption  of  this  cylinder  has  proved  as  good  as  that 
of  similar  types  with  cast-on  or  screwed-on  heads. 

Tests  by  the  engineering  division  of  the  War  Depart- 
ment on  two  cylinders  of  composite  aluminum-and-steel 
construction,  and  of  identical  design,  except  that  one  has 
a  cast-on  head  and  the  other  a  bolted-on  detachable  head, 
have  shown  the  bolted-on  head  to  be  inferior  as  regards 
output,  fuel-consumption  and  temperature  developed. 
The  bolted-on  head  is  liable  to  leak  gas  at  the  joint  and, 
if  the  flame  gets  between  an  aluminum  head  and  a  steel 
or  cast-iron  barrel,  the  former  is  usually  burned  out 
rapidly.  Axial  heat-flow  from  the  head  to  the  barrel  is 
practically  non-existent  with  a  bolted-on  head,  and  ex- 
perience indicates  that  such  heat-flow  is  important. 

A  design  in  which  all  heat  given  to  the  head  must  be 
dissipated  by  that  part  seems  inferior  to  a  type  where 
heat  flow  is  possible  and  the  barrel  is  allowed  to  dissipate 
part  of  the  heat  given  to  the  head.  A  screwed-on  head 
of  the  type  used  by  the  engineering  division  has  much 
more  cooling-fin  surface  integral  with  the  head  than  will 
exist  with  a  detachable  head  in  which  the  head  ceases 
and  the  barrel  starts  at  the  top  of  the  piston  travel ;  and 
considerable  heat-flow  from  the  head  to  the  barrel  is  pos- 
sible in  view  of  the  fact  that  the  surface  of  the  head  in 
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'Letters   correspond  with  those  on  the  temperature  curves  in  Fig.  8. 
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contact  with  the  barrel  is  approximately  130  per  cent  of 
the  piston  area. 

D.  R.  Harper: — The  results  of  some  of  the  measure- 
ments made  at  the  Bureau  of  Standards  may  throw  some 
light  on  questions  that  Mr.  Lawrance  has  mentioned 
more  or  less  in  speculation.  Almost  no  data  regarding 
the  head-resistance  of  air-cooled  cylinders  are  as  yet  in 
the  literature  of  the  subject.  The  suggestion  that  the 
head-resistance  is  rather  higher  than  is  often  supposed 
must  not  be  interpreted  as  condemning  the  air-cooled  en- 
gine, for  the  latter  has  its  field  and,  regardless  of  the 
loss  of  power  due  to  head-resistance,  it  may  be  very  much 
needed  in  that  field. 

Whenever,  in  designing,  we  combine  two  distinct  func- 
tions in  a  single  part,  we  are  likely  to  sacrifice  some  of 
the  effectiveness  of  both  functions.  The  cooling  capacity 
of  the  air-cooled  cylinder  is  naturally  less  than  that  of 
the  water-cooled  one,  where  the  power  functions  and  the 
cooling  functions  have  been  separated.  The  water 
radiator  has  been  brought  to  a  wonderful  degree  of  de- 
velopment, while  air-cooled  cylinders,  in  spite  of  their 
ability  to  utilize  a  much  greater  temperature-head,  are 
seriously  handicapped  on  account  of  offering  more  head- 
resistance  for  the  same  cooling  power  than  do  the  well 
designed  water  systems. 

The  measurements,  which  form  the  basis  of  these 
statements,  were  wind-tunnel  experiments  in  a  series, 
made  by  the  Bureau  of  Standards  for  the  engineering 
division  of  the  Air  Service.  The  air-cooled  cylinders  or 
radiators  were  mounted  in  a  free-air  or  "unobstructed" 
position.  When  we  consider  the  air-cooled  engine  as 
mounted  in  a  fuselage,  there  are  mutual  interference 
effects  of  the  several  cylinders  and  modification  of  the 
air-flow  by  the  fuselage,  so  that  the  figures  given  would 
be  changed;  whence,  caution  must  be  exercised  in  draw- 
ing general  conclusions.  The  figures  are  of  interest  in 
suggesting  the  order  of  magnitude  involved.  In  the  free- 
air  position,  a  single-cylinder  assembly  of  each  of  the 
air-cooled  engines  offered  a  head-resistance  about  30  per 
cent  greater  than  that  of  an  equivalent  water  radiator. 
The  cylinders  used  were  typical  of  the  late-war  and  post- 
war eras  and,  although  including  a  Lawrance  aluminum 
cylinder,  were  mostly  types  now  considered  obsolete  and 
not  worthy  of  the  expenditure  of  the  time  required  for 
careful  investigations.  The  measurements  were  dis- 
tinctly of  preliminary  character  and  no  great  significance 
attaches  to  the  figure  of  30  per  cent.  An  analysis  of  the 
contributions  to  head-resistance  by  various  parts  of  an 
engine  was  then  made  to  see  whether  appreciable  sav- 
ings in  windage  might  be  effected  by  changes  in  design. 

The  measurements  were  along  the  lines  indicated  by 
Mr.  Lawrance  in  mentioning  the  crusader  cowl,  and  afford 
quantitative  data  for  consideration  in  designs  of  this 
nature.  The  results  obtained  proceed  from  observations 
made  with  sufficient  care  to  warrant  publication  and,  as  I 
believe  a  report  will  soon  be  printed,  I  will  condense  the 
account  of  the  work  to  a  minimum.  Working  with  a 
large  wind-tunnel  at  the  Bureau  of  Standards,  Miss  L. 
Butler  and  C.  F.  Zobel  measured  the  head-resistance  of 
a  Lawrance  cylinder-assembly  in  successive  stages  of 
stripping-off  valve  push-rods,  rocker-arms,  springs, 
ignition  cables,  intake  tubes  and  the  like.  The  results 
indicate  the  contribution  to  head-resistance  of  each  part, 
mounted  in  its  relative  position,  with  the  cylinder  as  a 
whole  in  a  free  airstream.  The  total  contribution  by 
parts  thus  removable  was  16  per  cent  of  the  total  head- 
resistance  of  the  complete  cylinder.  If,  therefore,  parts 
that  need  not  be  in  the  airstream  because  they  contribute 
little  or  nothing  to  the  cooling  could  be  enclosed  in  a  per- 


fect cowl  or  zero  resistance,  the  total  saving  in  windage 
would  be  about  16  per  cent. 

G.  J.  Mead: — In  commenting  on  Mr.  Lawrance's  paper, 
I  suggest  that  we  look  for  a  moment  at  the  way  in  which 
radial  and  water-cooled  engines  of  equal  power  compare 
when  measured  by  what  might  be  called  the  five  prime 
requisites  of  an  aviation  engine,  as  considered  in  the 
following  paragraphs. 

It  must  be  granted  that  the  reliability  of  a  radial  en- 
gine is  at  least  equal  to  that  of  a  water-cooled  type,  espe- 
cially as  the  same  accessories  and  fuel  system  are  used 
with  both.  As  we  all  know,  it  is  usually  the  accessory 
systems  that  cause  failure  in  the  air,  and  not  the  engines 
themselves. 

Performance  includes  two  items.  The  first  is  the  effec- 
tive power  required  for  take-off  and  for  satisfactory 
operation  at  working  altitudes,  with  the  specified  fuel. 
The  effective  power,  or  power  available  for  moving  the 
airplane  over  and  above  that  required  to  propel  the  power- 
plant,  is  probably  less  in  the  case  of  a  radial  engine  than 
in  that  of  a  water-cooled  engine  with  radiator,  especially 
in  large  engines.  This  is  a  question  that  must  be  settled 
by  actual  flight  tests.  It  is  hoped  that  before  long  the 
same  airplane  will  be  flown  with  both  types  of  power- 
plant,  each  having  the  same  power  at  sea-level.  The 
cause  of  possible  reduction  in  effective  power  is  the 
larger  head  resistance  of  a  radial  engine.  Radial  engines 
excel  slightly,  perhaps,  in  the  second  item  of  perform- 
ance ;  that  is,  low  powerplant  weight  per  horsepower  per 
hour.  The  elimination  of  water,  radiator  and  piping 
gives  them  an  advantage,  even  though  comparatively  low 
mean  effective  pressures  are  developed. 

The  durability  of  radial  engines  in  service  has  yet  to 
be  proved.  If  care  is  used  in  proportioning  the  bearings 
and  adequate  lubrication  is  provided,  it  is  doubtful 
whether  failures  of  these  parts  will  occur.  On  the  other 
hand,  I  question  seriously  the  ability  of  the  valve-gear  to 
stand  up,  owing  to  the  large  clearances  between  the  cams 
and  the  valves  that  develop  in  operation  on  account  of  the 
expansion  of  the  cylinders.  It  should  be  borne  in  mind 
also  that  aluminum  cylinders  with  thin  aluminum  fins  are 
not  durable.  If  the  fins  are  really  necessary  for  satis- 
factory cooling,  the  efficiency  of  such  cylinders  in  service 
is  bound  to  drop. 

Our  experience  with  air-cooled  engines  has  led  us  to 
believe  that  failures  are  due  to  the  breakage  of  valves 
and  springs.  It  seems  to  me  that  the  work  done  in  Eng- 
land on  the  Cosmos  engine,  now  known  as  the  Bristol,  is 
a  good  indication  that  this  is  so.  It  shows  an  effort  on 
the  part  of  the  designer  to  make  use  of  a  type  of  valve 
gear  intended  to  eliminate  this  difficulty.  It  seems  that 
the  push-rod-operated  valve  will  be  used  for  some  time 
to  come. 

Air-cooled  cylinders  of  cast-aluminum  construction  are 
easily  damaged.  Mr.  Crane  mentioned  the  porcupine 
type.  If  the  cooling  of  such  cylinders  is  due  to  the  fins, 
the  efficiency  will  be  less  if  many  fins  are  broken  off. 

Most  of  the  requirements  of  an  airplane  powerplant, 
such  as  being  readily  mounted,  easily  started  and  ac- 
cessible, are  met  equally  well  by  the  radial  and  the  water- 
cooled  types.  Proper  vision,  especially  in  military  types 
of  aircraft,  is  difficult  with  radial  engines,  and  is  apt  to 
become  a  serious  matter  with  large  engines.  Due  to  the 
compactness  of  the  powerplants,  the  maneuverability  of 
craft  equipped  with  radial  engines  probably  would  be 
better  than  those  having  water-cooled  engines.  Radial 
engines  are  but  little  more  compact  than  water-cooled, 
eight-cylinder,  V-types.  The  performance  of  an  engine 
in  flight,  throughout  its  speed-range  and  at  different  alti- 
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tudes,  is  an  important  factor  in  plane  requirements,  and 
involves  the  necessity  of  temperature  control  for  the  en- 
gine cylinders.  No  satisfactory  method  of  shuttering 
radial-engine  cylinders,  as  is  done  with  radiators,  has 

been  evolved,  so  far  as  I  know.  Owing  to  the  great  con- 
ductivity  of   aluminum,   which   makes   the   present-day 

radial-engine  possible,  it  is  believed  thai  the  engine  will 
cool-down  very  rapidly  in  a  glide.  For  military  work, 
this  drawback  must  be  overcome  before  the  engine  will 
be  entirely  practicable.  Smoothness  of  working  and 
flexibility  are  apt  to  be  seriously  affected  by  lack  of  proper 
temperature  control. 

The  first  costs  of  a  radial  engine  and  of  a  water-cooled 
engine,  when  they  are  produced  in  equal  quantities,  would 
undoubtedly  be  about  the  same.  The  cost  of  upkeep  will 
depend  to  a  great  extent  on  the  durability  of  the  engine. 
This  question,  as  already  pointed  out,  has  yet  to  be  settled 
by  service  tests. 

Summing  up  the  above  analysis,  we  find  that  radial 
engines  have  yet  to  be  tested  in  service  to  prove  how 
they  compare  with  the  best  water-cooled  engines  with  re- 
spect to  three  items:  effective  power,  durability  and  con- 
trollability of  the  engine  under  service  temperatures.  The 
Wright  Aeronautical  Corporation  is  developing  for  the 
military  authorities  a  large  radial  engine  with  5%  x  6V2- 
in.  cylinders,  and  a  displacement  of  1453  cu.  in.  Two  of 
these  engines  have  been  built  and  the  first  one  has  been 
running  for  some  time.  The  maximum  power  developed 
was  350  hp.  at  1800  r.p.m.,  with  a  mean  effective  pressure 
of  106  lb.  per  sq.  in.  This,  so  far  as  I  know,  is  the 
largest  radial  engine  which  has  been  successfully  oper- 
ated in  the  United  States.  New  cylinders  are  being  de- 
veloped which  give  a  promise  of  120  lb.  per  sq.  in.  mean 
effective  pressure.  These  will  permit  the  engine  to  de- 
velop 350  hp.  at  1600  r.p.m.,  or  400  hp.  at  1800  r.p.m. 
The  final  engine  of  this  type  will  weigh  between  750  and 
800  lb.,  which  will  be  about  2  lb.  per  hp.  It  is  interesting 
to  note  that  the  best  figures  for  a  water-cooled  engine, 
including  radiator  and  water,  are  2.2  lb.  per  hp. 

I  believe  that  radial  engines  will  fulfill  certain  require- 
ments satisfactorily,  particularly  those  of  some  kinds  of 
military  service.    Their  advantages  for  all  purposes  have 


not  been  demonstrated  and  until  service  tests  of  sufficient 
duration  to  settle  the  doubtful  points  shall  have  been 
,-onducted,  no  one  is  justified  in  considering  them  beyond 
the  experimental  stage. 

R.  W.  A.  Brewkr: — This  controversy  between  air- 
cooled  and  water-cooled  engines  appears  to  hinge  on  the 
suitability  of  the  mounting  of  the  air-cooled  engine.  I 
believe  the  air-cooled  engine  can  be  made  as  efficient  as 
the  water-cooled  engine.  F.  W.  Lanchester's  papers  be- 
fore the  Institution  of  Automobile  Engineers  contain 
much  matter  on  air-cooled  engines  that  is  extremely 
valuable. 

I  used  a  machine  with  an  Anzani  engine  for  experi- 
mental work  in  1909,  just  after  Bleriot  flew  across  the 
English  Channel,  and  also  one  of  the  first  Gnome  engines. 
In  those  days,  although  the  air-cooled  engine  was  young, 
the  Wright  engine  was  partly  air-cooled;  its  cylinder- 
head  was  air-cooled.  We  got  an  overall  efficiency  with 
the  Gnome  and  its  propeller  that  was  comparable  with 
that  of  any  other  type  of  engine,  for  the  reason  that 
propeller  flutter  was  eliminated.  The  periodic  vibra- 
tions of  the  crankshaft,  a  serious  factor  in  the  efficiency 
of  propellers,  did  not  enter.  By  eliminating  propeller 
flutter  we  increased  the  efficiency  of  the  propeller  and 
made  up  for  any  small  loss  due  to  engines  of  this  type. 
Somebody  has  referred  to  the  cylinder  distortion  caused 
by  the  difference  in  temperatures  at  the  front  and  the 
back  of  the  cylinder.  The  piston-ring  of  the  Gnome  engine 
was  one  of  its  interesting  details.  It  was  an  L-shaped, 
gun-metal  ring  held  out  to  the  cylinder  barrel  by  a  steel 
ring.  There  might  be  distortion  and  yet  the  ring  would 
conform  to  the  bore  of  the  cylinder. 

Capt.  Geo.  E.  A.  Hallett: — Airplane  designers  in  the 
engineering  division  apparently  consider  the  head- 
resistance  of  radial  engines  to  be  higher  than  that  of  the 
best  water-cooled  engines.  While  the  plan  is  not  to  use 
radial  engines  in  planes  of  extremely  high  speed,  from  a 
military  viewpoint  the  air-cooled  engine,  of  radial  or  any 
other  type,  is  advantageous.  A  large  percentage  of 
forced  landings  is  due  to  troubles  in  the  cooling  system, 
such  as  cracked  water-jackets,  radiator  leaks,  loss  of 
water  through  evaporation  or  boiling  and  in  some  cases 
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even  freezing.  We  feel  that  we  are  thoroughly  justified 
in  developing  air-cooled  engines  for  military  purposes 
for  this  reason,  and  also  because  they  are  less  vulnerable 
to  machine-gun  fire. 

Some  interesting  reports  of  brake  mean  effective  pres- 
sures and  fuel-consumption  in  English  engines  have 
caused  us  to  be  skeptical  because  we  have  never  seen  them 
checked  up.  Recently  Mr.  Heron,  who  worked  for  years 
with  Dr.  Gibson  at  Farnborough  in  England,  has  de- 
signed a  cylinder  which  we  have  constructed  and  which 
has  given  excellent  results.  Both  Mr.  Lawrance  and 
Mr.  Mead  have  referred  to  this  cylinder.  Not  only  has  it 
shown  a  brake  mean  effective  pressure  of  more  than  130 
lb.  per  sq.  in.,  and  a  capacity  for  going  higher,  but  it  has 
done  this  on  a  fuel-consumption  as  low,  in  some  cases,  as 
0.52  lb.  per  b.  hp-hr.  This  compares  favorably  with 
water-cooled  cylinders  running  at  a  similar  compression- 
ratio,  and  we  believe  it  is  able  to  do  better. 

The  most  interesting  thing  about  this  two-valve  cylin- 
der has  been  the  cooling  of  the  exhaust-valve.  It  is  a 
5%  x  6%-in.  cylinder  with  a  compression-ratio  of  5.4  or 
5.5  to  1.  The  Liberty  single-cylinder  engine  with  which 
I  make  a  comparison  in  Fig.  9  is  5  x  7  in.  and  uses  the 
same  compression-ratio,  but  develops  only  120  lb.  per 
sq.  in.  brake  mean  effective  pressure.  The  exhaust-valve 
in  the  air-cooled  cylinder  runs  cooler;  that  is,  it  shows  a 
wider  black  band  around  the  seat  than  does  the  Liberty 
valve,  in  spite  of  the  former  running  at  about  10  lb.  per 
sq.  in.  higher  brake  mean  effective  pressure.  In  short, 
the  air-cooled  cylinder  shows  better  exhaust-valve-seat 
cooling  than  the  Liberty  water-cooled  cylinder  does. 

It  seems  to  me  that  we  are  failing  to  keep  water  in 
contact  with  the  cylinder-head  in  water-cooled  engines. 
We  have  a  bubble  sheet  that  holds  the  water  away  from 
the  cylinder-head  pretty  effectively  while  developing  high 
powers.  In  air-cooled  cylinders  we  have  no  bubble  sheet. 
We  may  get  better  cooling  of  the  exhaust-valve  in  well 
developed  air-cooled  cylinders  than  we  have  so  far  been 
able  to  obtain  with  thin  steel,  water-cooled  cylinders. 

We  found  during  the  war  that  it  took  about  one-half 
the  number  of  man-hours  to  overhaul  a  rotary  engine 
that  was  required  to  overhaul  a  V-type,  water-cooled  en- 
gine, because  we  used  ball  bearings  and  no  long  crank- 
case  with  its  troubles  in  aligning  the  crankshaft  bearings 
and  had  no  water  connections.    While  it  is  true  that  the 


radial  engine  may  need  to  be  handled  more  carefully  than 
the  water-cooled  engine,  it  has  the  advantages  of  ball 
bearings  and  a  short  crankshaft.  We  cannot  make  a  very 
good  job  of  overhauling  a  rotary  engine  without  special 
tools  developed  for  such  work,  but  those  can  be  developed 
also  for  the  radial  engines. 

C.  F.  Taylor: — Mr.  Lawrance  has  presented  an  excel- 
lent paper  covering  the  development  of  air-cooled  aviation 
engines.  One  point  concerning  which  a  fuller  discussion 
would  be  of  interest  is  the  marked  effect  of  the  quality 
of  the  mixture  on  the  performance  of  air-cooled  cylin- 
ders. The  data  given  on  specific  fuel-consumption  for 
the  various  cylinders  and  engines  do  not  represent  the 
lowest  consumption  possible,  but  rather  the  lowest  con- 
sumption at  which  it  is  considered  practicable  to  operate 
the  engine  in  question.  It  should  be  remembered  that 
the  chief  controlling  factor  in  fuel-consumption  is  the 
quality  of  the  mixture  fed  to  the  cylinders,  and  that  even 
cylinders  of  poor  design  can  be  made  to  show  a  sur- 
prisingly low  specific  fuel-consumption  if  supplied  with 
comparatively  lean  mixtures. 

In  air-cooled  engines  of  exceptionally  good  design,  the 
practical  low  limit  of  fuel-consumpton,  as  in  the  case  of 
good  water-cooled  cylinders,  is  the  point  at  which  the 
power  output  begins  to  decrease  on  account  of  insufficient 
fuel  to  utilize  all  the  air  in  the  cylinder.  In  most  air- 
cooled  cylinders,  however,  the  power  decreases  on  account 
of  excessive  value  and  head  temperatures  before  the 
point  of  insufficient  fuel  supply  is  reached.  This  is  be- 
cause the  average  air-cooled  cylinder  depends  to  some  ex- 
tent on  cooling  by  the  excess  fuel  in  a  rich  mixture,  to 
keep  the  combustion-chamber  and  exhaust-valve  temper- 
atures within  practical  limits. 

The  important  part  that  excess-fuel  cooling  may  play 
in  a  cylinder  of  mediocre  design  is  illustrated  in  Fig.  10, 
which  shows  the  results  of  a  test  by  the  engineering 
division  of  the  Air  Service,  on  a  51 2  x  6V>-in.  air-cooled 
cylinder  of  aluminum  and  steel  construction.  The  cylin- 
der was  tested  at  full  power  with  a  mixture-ratio  giving 
a  specific  fuel-consumption  of  0.65  lb.  per  b.hp-hr.  and 
the  air-blast  speed  was  reduced  gradually  from  a  maxi- 
mum of  110  m.p.h.  It  will  be  noted  that  the  cylinder- 
head  temperature,  taken  at  the  hottest  point,  rose  stead- 
ily as  the  air  speed  was  reduced.  At  an  air  speed  of  71 
m.p.h.,  the  head  temperature  was  considered  danger- 
ously high  and  the  mixture  ratio  was  adjusted  to  give 
a  specific  fuel-consumption  of  0.87  lb.  per  b.hp-hr.  As 
will  be  noted  in  Fig.  10,  this  restored  the  power  output 
and  head  temperature  to  the  values  that  formerly  existed 
with  a  90-m.p.h.  blast.  In  other  words,  a  small  increase 
in  the  gasoline-air  ratio  was  as  effective  in  cooling  the 
cylinder  as  an  increase  of  20  m.p.h.  in  the  blast  speed. 

A.  L.  Clayden: — There  appears  to  be  an  assumption 
that,  although  the  direct  air-cooled  engine  may  be  in  its 
infancy,  the  water-cooled  engine  is  in  its  old  age;  but  the 
latter  is  not  true.  First,  we  do  not  know  everything 
there  is  to  know  about  water-cooled  engines  and,  second, 
we  do  not  utilize  all  we  know.  The  weights  of  the  water, 
the  radiator  and  the  water  connections  are  considerably 
in  excess  of  what  they  might  be  if  we  went  to  the  limit 
of  everything  we  know.  It  is  a  very  surprising  fact  that 
a  majority  of  the  new  machines  being  designed  today  for 
commercial  purposes  are  provided  with  inefficient  water- 
cooling  equipment.  I  know  of  many  instances  where  the 
designers  of  airplanes  did  not  appear  to  appreciate  that 
there  was  anything  worth  studying  in  regard  to  the 
water-cooling  arrangement.  One  subject  about  which 
very  little  is  known  is  the  rate  of  transfer  of  heat  from 
a  cylinder  to  the  water.     It  is  believed  that  by  narrow- 
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Ing  the  jacket  ami  increasing  the  rate  of  flow  through  it, 
designers  could  reduce  very  substantially  the  weight  of 
water  and  to  some  extent  the  weight  of  cylinder,  obtain- 
ing at  the  same  time  a  mean  temperature  in  the  cylinder 
with  a  narrower  range  between  the  extremes  than  those 
at  present.  In  ether  words,  the  temperature  of  the  cyl- 
inder in  water-cooled  engines  will  vary  between  400  and 
Jin  deg.  fahr.,  or  something  on  that  order.  Under  the 
best  possible  conditions  and  with  properly  designed 
water-passages,  that  range  undoubtedly  can  be  reduced 
so  as  to  bring  the  maximum  to  aboul  the  boiling  point  ; 
although  1  do  not  know  whether  that  will  have  any  par- 
ticular importance. 

I  noticed  a  test  recently  that  was  rather  interesting. 
The  normal  temperature  at  the  exhaust  in  an  automo- 
bile engine  was  about  240  deg.  fahr.  As  soon  as  steam 
was  observed  in  the  outlet  water,  the  temperature  of  the 
exhaust-valve  rose  to  over  400  deg.  fahr.,  an  almost  in- 
stantaneous rise  that  merely  indicated  where  the  steam 
was.  If  the  air-cooled  engine  really  begins  to  push  the 
water-cooled  engine  hard,  the  water-cooled  engine  advo- 
have  plenty  of  resources. 

II.  S.  M<  DEWELL: — As  I  work  with  both  water-cooled 
and  air-cooled  engines,  I  hold  no  brief  for  either  type, 
I  wish,  therefore,  to  bring  out  some  points  that  Mr. 
Lawrance  has  not  mentioned,  and  to  amplify  some  of  his 
statements. 

In  speaking  of  heat  transfer,  from  hot  gases  in  the 
cylinder  to  the  cooling  system,  Mr.  Lawrance  has  omitted 
some  of  the  steps.  These  are  indicated  in  Fig.  11;  for  a 
cylinder  constructed  with  a  single  thickness  of  metal  at 
the  left,  and  for  a  cylinder  built-up  of  two  metals,  at  the 
right.  The  lines  bounding  b,  at  the  left,  represent  the 
cylinder  wall.  The  horizontal  and  sloping  lines  denote 
the  temperatures  existing  in  the  various  parts  of  the  sys- 
tem, measured  from  an  assumed  datum,  or  zero-tempera- 
ture line.  It  is  known  that  in  a  transfer  of  heat  from  a 
gas  to  a  fluid  of  any  type  through  a  metal  there  is  a 
great  temperature-drop  in  the  fluid  films  that  lie  close 
to  the  metal  surfaces.  These  films  are  represented  by 
the  lines  bounding  a  and  c.  The  drop  through  the  hot, 
dead-gas  film  c  will  be  somewhat  of  the  order  indicated 
by  f,  —  t .  The  temperature-drop  in  heat  transfer 
through  the  metal  h,  will  be  of  a  very  much  lower  order, 
as  indicated  by  t  —  t .  Again,  in  transferring  heat  from 
the  metal  to  a  fluid,  there  will  be  another  dead  film  c  and 
again  there  will  be  a  very  serious  temperature-drop  as 
indicated  by  t.  —  tt,  to  determine  the  mean  temperature 
of  the  cooling  medium  f,.  In  an  air-cooled  engine,  the 
three  necessary  steps  are  represented  at  a,  b,  and  c;  a 
being  through  the  first  gas  film,  b  through  the  metal  of 
the  cylinder  and  c  through  the  second  dead-gas  film  to 
the  cooling  medium.  In  a  water-cooled  engine  we  have 
another  metal  surface  in  the  radiator  and  another  drop 
through  the  dead  film,  a  very  small  drop  through  the 
metal  and  a  further  drop  through  the  second  film  to  the 
temperature  of  the  cooling  medium.  Therefore,  there 
are  twice  as  many  transfer-steps  in  the  process  of  water- 
cooling  as  obtain  in  air-cooling. 

I  object  to  one  statement  by  Mr.  Lawrance,  that  the 
water-cooled  engine  is  handicapped  by  the  number  of 
heat  transfers,  all  of  which  tend  to  increase  the  ultimate 
temperature  on  the  inside  of  the  cylinder.  Previous  to 
this  Mr.  Lawrance  demonstrates  that  the  temperatures 
on  the  outside  of  the  cylinder  wall  of  both  air-cooled  and 
water-cooled  engines  are  approximately  the  same.  Tak- 
ing the  case  of  the  Hispano-Suiza  engine,   we   have   a 
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Fig.    11— Diagram    Ii.i.i-sthating   Tine  Transfer  op   IIbat  prom    an 
Aircraft-Engine  Cylinder  to  tub  Cooling  Medium 

transfer  through  two  metals,  with  an  infinitesimal  gap 
between,  no  matter  how  perfect  the  manufacture  may  be; 
there  is  thus  an  unavoidable  lack  of  thermal  bridge  when 
such  a  construction  is  involved.  Consequently,  as  shown 
at  the  right  in  Fig.  11,  we  have  an  additional  drop  in  tem- 
perature through  d,  a  still  further  serious  drop  through 
e,  another  small  drop  through  the  second  layer  of  metal 
at  /  and  a  final  drop  through  the  film  g.  If  the  cooling- 
temperatures  t,  and  t,  are  the  same  in  both  the  types  of 
construction  indicated  in  Fig.  11,  it  would  be  reasonable 
to  presume,  from  heat-transfer  considerations,  that  the 
temperature  inside  the  cylinder  would  be  less  in  the  case 
of  a  single  thickness  of  metal.  Granted  that  the  air- 
cooled  cylinder  has  been  designed  in  which  the  tempera- 
tures inside  and  on  the  outer  wall  are  comparable  with 
those  obtaining  in  water-cooled  cylinders,  the  mean  tem- 
peratures of  the  cooling  medium  due  to  these  heat-trans- 
fer considerations  must  be  approximately  the  same  irre- 
spective of  the  medium.  The  fact  that  water  boils  at 
212  deg.  fahr.  at  sea  level  is  not  really  a  handicap  in 
operation,  because  we  must  decide  upon  the  safe  limit  of 
temperatures  of  engine  parts  and  stay  within  it,  pre- 
suming a  properly  designed  water-cooling  radiator 
system. 

Regarding  the  matter  of  handling  engines  while  being 
overhauled  one  thing  must  be  kept  in  mind;  that  is,  that, 
while  the  factory  crew  may  be  well  trained,  both  Army 
and  Navy  engines  may  be  sent  to  some  far-distant  sta- 
tion which  is  not  equipped  with  special  apparatus.  To 
have  doughboys  handle  a  porcupine  engine  during  its 
overhauling  is  a  serious  proposition. 

In  considering  the  comparative  resistance  of  the  air- 
cooled  and  the  water-cooled  engine,  I  refer  to  Grover  C. 
Loening's  paper  on  Engine  Shape  as  Affecting  Airplane 
Operation.7  He  made  a  good  comparison  between  water- 
cooled  and  air-cooled  engines  and  pointed  out  that  the 
question  of  relative  weight  is  of  minor  consideration  and 
that  head-resistance  is  the  primary  factor.  Most  persons 
speaking  in  favor  of  the  air-cooled  as  against  the  water- 
cooled  engine  refer  to  the  radiator  as  a  nose  radiator. 
The  nose  radiator  is  obsolete.  It  stands  to  reason  that  if 
a  radiator  is  mounted  in  front  of  an  engine,  the  area  of 
that  radiator  must  be  increased  enough  to  compensate  for 
the  obstruction  that  is  at  the  back  of  it  in  the  form  of 
the  engine.  The  latest  and  best  practice  in  radiator  in- 
stallation in  planes  is  to  put  the  radiators  in  the  clear, 
not  only  in  the  mounting  but  in  the  actual  construction. 
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There  have  been  great  improvements  lately  and,  as  a 
result,  radiators  having  a  very  materially  increased 
figure  of  merit  have  been  produced  and  actually  installed 
in  some  powerplants. 

I  have  refigured  a  portion  of  Table  2  in  Mr.  Loening's 
paper,  comparing  the  Curtis  CD  12,  the  Hispano-Suiza  or 
Wright  Model  H  and  the  Cosmos-Jupiter  engines,  assum- 
ing as  a  basis  of  comparison  a  propeller  weight  in  pounds 
of  2.5  times  the  square  root  of  the  horsepower.  I  have 
also  assumed  first,  a  weight  of  radiator  and  water  of 
0.65  lb.  per  hp.,  in  agreement  with  older  practice; 
and,  second,  a  weight  of  radiator  and  water  of  0.56 
lb.  per  hp.,  which  agrees  with  later  practice  using  the 
improved  radiators  mentioned  above.  In  both  cases  the 
resistance  of  the  Cosmos-Jupiter  engine  was  reduced 
below  that  given  in  the  original  table,  in  accordance  with 
the  data  given  by  Mr.  Lawrance  on  the  effect  of  the  cru- 
sader cowl.  On  the  first  basis  the  total  resistance  per 
horsepower  of  the  engine  and  of  the  retractive  radiator 
and  the  drift  of  the  wing  necessary  to  lift  that  power- 
plant,  figure  out  to  be  practically  identical  for  the  three 
engines  at  200  m.p.h.  When  the  data  for  the  better 
types  of  later  radiator  are  included,  the  figures  favor  the 
water-cooled  engine. 

One  of  Mr.  Lawrance's  engines  had  completed  all  but 
4  hr.  of  the  50-hr.  test  when  I  left  Washington,  and  the 
latest  data  from  it  happen  to  be  slightly  better  than  the 
figures  quoted  by  Mr.  Lawrance.  Running  at  1775  r.p.m., 
the  actual  power  developed  was  228.7  hp.  Corrected  for 
barometer  and  temperature,  it  developed  217.7  hp.,  which 
gives  an  actual  mean  effective  pressure  of  129.5  lb.  per 
sq.  in.,  or  a  corrected  mean  effective  pressure  of  123.3 
lb.  per  sq.  in.,  which  is  high.  The  fuel-consumption  was 
0.58  lb.  per  b.hp-hr.  and  the  oil-consumption  was  exceed- 
ingly low,  being  0.013  lb.  per  b.hp-hr.  The  reason  for  the 
high  fuel-consumption  is  that,  due  to  the  Navy  program, 
this  test  was  run  with  the  utmost  expedition  to  develop 
what  the  engine  would  actually  do  in  the  matter  of  reli- 
ability; it  was  not  tested  for  economic  performance,  but 
to  develop  the  weak  structural  points.  Consequently, 
very  little  attention  has  been  paid  to  carburetion.  I  have 
no  doubt  that  the  fuel  economy  could  be  improved.  An- 
other factor  is  that  the  carbureters  on  this  engine  were 
designed  specifically  for  a  very  low  fuel-consumption  at 
cruising  speeds,  rather  than  a  necessarily  low  consump- 
tion at  full-throttle.  At  0.9  of  the  rated  horsepower,  we 
have  shown  a  fuel-consumption  of  about  0.51  per  lb.  per 
b.hp-hr. 

I  wish  to  bring  to  the  attention  of  those  who  are  work- 
ing on  air-cooled  engines  the  same  liability  to  trouble  that 
is  met  in  the  case  of  water-cooled  engines ;  that  is,  the 
possibility  of  trouble  at  either  altitude  or  ground-level 
under  cold,  damp  conditions,  due  to  the  formation  of  ice 
in  the  manifold.  The  water-cooled  engine  has  the  defect 
that  the  water-jacketing  on  the  manifold  is  not  entirely 
satisfactory.  A  greater  amount  of  heat  than  is  available 
in  the  water  is  necessary  to  prevent  the  formation  of  ice 
absolutely. 

H.  E.  Morton  :  —  The  comparison  of  air  cooled  with 
water-cooled  engine  is  always  an  interesting  subject. 
The  development  of  the  air-cooled  engine  during  the  last 
few  years  has  been  very  remarkable.  Mr.  Lawrance 
refers  to  the  several  heat-transfers  in  a  water-cooled  en- 
gine as  producing  a  handicap  in  comparison  with  direct 
air  cooling.  I  question  whether  actual  temperature  meas- 
urements would  confirm  this  assumption.  In  either  case, 
of  course,  we  would  consider  that  the  design  was  such 
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that  all  parts  of  the  inside  cylinder-wall  were  uniformly 
cooled,  whether  directly  or  indirectly. 

The  transfer  of  heat  from  the  gas  through  the  metal 
into  the  water  is  controlled  almost  exclusively  by  the 
transfer  from  the  gas  to  the  metal,  as  the  water  will 
take  up  many  times  as  great  a  quantity  of  heat  per  unit 
of  surface.  Similarly,  with  the  radiator,  the  water  will 
transfer  to  the  metal  many  times  more  heat  than  can  be 
absorbed  by  the  air.  The  water  in  an  engine  jacket  is, 
of  course,  merely  a  carrier  and  an  exceedingly  efficient 
one;  so,  in  my  opinion,  assuming  other  things  to  be  equal, 
the  number  of  transfers  of  heat  in  the  water-cooled  en- 
gine does  not  enter  into  the  pi-oblem. 

Mr.  Lawrance  cites  later  the  limitation  of  a  water- 
cooled  engine  that  the  cooling  medium  boils  at  212  deg. 
fahr.  This  is  certainly  a  limitation  at  present,  but  I  am 
anxious  to  see  the  development  of  a  satisfactory  cooling 
system  using  a  liquid  that  boils  at  nearly  300  deg.  and 
yet  does  not  freeze  at  a  temperature  above  0  deg.  fahr. 
Kerosene  meets  these  requirements  so  nearly  that  I  be- 
lieve it  would  be  widely  used,  provided  the  engine  cool- 
ing-systems were  designed  with  the  idea  of  handling  it. 

A  Member:  —  How  does  Mr.  Lawrance  measure  the 
cylinder  temperature?  Does  he  use  a  thermocouple?  If 
so,  what  precaution  did  he  take  to  measure  the  particular 
point  in  which  he  was  interested?  Was  the  cylinder 
shown  in  Fig.  13  of  his  paper  an  aluminum,  an  iron  or  a 
steel  cylinder?  Have  any  figures  been  compiled  for  the 
relative  temperatures  under  corresponding  conditions  of 
an  aluminum  and  a  steel  cylinder?  What  method  did 
Captain  Hallett  use  in  measuring  the  temperatures  of 
air-cooled  cylinders? 

Mr.  Heron  : — The  temperatures  on  the  Airco  cylinder 
given  in  Fig.  13  of  Mr.  Lawrance's  paper  were  measured 
by  platinum-iridium  thermocouples  of  the  contact  vari- 
ety. This  type  of  couple  measures  point  temperature  and 
the  accuracy  is  probably  within  minus  20  deg.  fahr.  on 
the  head  temperatures  and  minus  50  deg.  fahr.  on  the 
barrel  readings.  The  relative  accuracy  of  head  readings 
to  each  other,  or  barrel  readings  to  each  other,  is  within 
20  deg.  fahr. 

Regarding  the  relative  performance  of  steel  and  alu- 
minum cylinders,  no  figures  are  known  of  such  tests  on 
cylinders  of  similar  design.  Tests  were,  however,  car- 
ried out  on  cast-iron  and  aluminum  cylinders  of  almost 
identical  design  to  that  shown  in  Fig.  8,  but  fitted  with 
shrunk-in  liners,  such  as  are  provided  for  in  Fig.  7  of 
Mr.  Lawrance's  paper.  The  cast-iron  cylinder,  cast  from 
the  same  pattern  as  that  for  the  aluminum  cylinder,  de- 
veloped the  same  brake  mean  effective  pressure  as  the 
aluminum  type,  but  on  a  10-per  cent  higher  specific  fuel- 
consumption.  Reference  is  made  to  a  Resume  of  Experi- 
mental Work  on  Air-cooled  Cylinders  at  the  R.A.E.,  by 
A.  H.  Gibson,  D.Sc.8 

Mr.  Lawrance: — The  information  given  in  Fig.  13  of 
my  paper  was  obtained  from  S.  D.  Heron  of  McCook 
Field.  The  cylinder  shown  in  Fig.  13  has  an  aluminum 
head  and  a  steel  body.  I  am  sorry  to  see  any  one  so  pes- 
simistic as  Mr.  Crane  is  about  the  future  of  air-cooled 
engines.  I  believe  he  will  modify  his  views  in  the  course 
of  time.  I  cannot  agree  with  his  statements  regarding 
rugged  simplicity.  The  simplicity  of  a  crankshaft  that 
has  nine  bearings  as  opposed  to  one  having  three  does  not 
appear  very  great;  and  water  pipes  that  must  be  made 
so  that  the  flow  of  water  to  each  cylinder  will  be  perfect, 
to  cool  the  exhaust-valves  of  each  cylinder  properly,  are 
not  a  simple  matter  either.  What  Mr.  Crane  says  about 
single-cylinder  water-cooled  engine  tests  is  perfectly 
true.     With  air-cooled  engines  it  is  not  true.     In  an  air- 
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i  d  engine  there  will  be  just  as  good  air-flow  around 
the  heads  and  valves  of  each  Cylinder,  n. i  matter  what 
the  number  of  cylinders  may  lie.  In  the  water-cooled  en- 
gine, if  the  water  pipes  are  not  arranged  right,  or  some 
eddy  occurs  in  the  flow,  one  cylinder  will  he  overheating 
while  another  is  cooling  properly.  Fur  that  reason  a 
multi-cylinder  water-cooled  engine  will  not  come  up  to 
the  standard  of  a  single-cylinder  water-cooled  engine. 

Another  point  about  these  so-called  fragile,  delicate 
air-cooled  engines  is  that,  as  has  been  said,  a  crew  of 
men  who  are  accustomed  to  handling  those  engines  very 
rarely  breaks  even  a  tin,  although  this  does  occur  occa- 
sionally. The  most  damage  occurs  where  aviators  run 
into  things  with  a  plane;  generally,  in  that  case,  a  water- 
cooled  engine  aiso  suffers  somewhat.  If  an  Hispano- 
Suiza  engine  is  dropped  on  the  ground,  the  water-pump 
will  generally  break.  They  must  be  handled  carefully. 
Of  course,  if  a  few  cooling  fins  break  off,  it  does  not  mat- 
ter much,  but,  if  the  water-jacket  is  broken,  within  a  few 
minutes  the  engine  will  not  operate. 

One  can  remove  the  cover  from  our  nine-cylinder  en- 
gine and  take  out  the  crankshaft  by  removing  one  cylin- 
der and  unbolting  the  master  rod.  Any  cylinder  and 
connecting-rod  can  be  taken  out  without  removing  the 
crankcase  from  the  airplane.  The  arrangement  is  such 
that  one  can  clean  the.  screens  for  the  strainers  through  a 
very  conveniently  located  hole  at  the  bottom  of  the  en- 
gine. It  is  not  necessary  to  remove  the  carbureter  to 
take  the  engine  off  the  fuselage;  it  is  necessary  only  to 
break  the  oil  pipes  and  remove  the  bolts  that  hold  the 
engine  to  the  bulkhead.  Those  who  investigate  modern 
air-cooled  engines  will  find  that  they  are  rugged,  simple 
and  easy  to  maintain. 

Mr.  Mead: — What  is  the  necessity  of  temperature  con- 
trol of  air-cooled  cylinders  in  flight? 

Mr.  Heron  : — The  necessity  of  temperature  control  of 
air-cooled  aircraft  engines  has  yet  to  be  proved,  at  least 


as  applied  to  the  cylinders.  Efficient  air-cooled  cylinders 
will  operate  satisfactorily  over  a  wide  range  of  tempera- 
ture. Maintenance  of  more  or  less  constant  carbureter- 
temperature  conditions  is  undoubtedly  desirable  and  in 
this  connection  Captain  Ilallett  has  suggested  that  car- 
bureters be  situated  in  the  airblast,  so  that  they  will 
always  be  cold  and  thus  adjusted  for  opening-up  after  a 
steep  dive.  The  need  of  temperature  control  of  an  air- 
cooled  engine  is  much  less  marked  than  that  of  a  water- 
cooled  engine.  Overheating  does  not  result  in  a  loss  of 
cooling  medium;  and  a  steep  dive,  though  it  makes  the 
engine  so  cold  that  it  will  not  open-up,  does  not  result  in 
damage  from  freezing. 

.Mr.  .Mead  has  raised  the  question  of  breakage  of  valves 
and  springs  on  air-cooled  engines  which  results  from  the 
excessive  tappet-clearance  developed  when  hot.  There  is 
no  doubt  that  much  trouble  is  caused  by  excessive  clear- 
ances but,  in  my  experience,  wear  rather  than  breakage 
is  the  usual  result.  It  must  be  admitted  that  the  valve- 
gear  of  the  average  air-cooled  aircraft-engine  cylinder  is 
very  crude.  Open  gears  with  poor  lubrication  and  de- 
veloping large  tappet-clearance  are  not  in  any  way  on 
a  par  with  high-class  water-cooled-engine  practice;  com- 
pensating devices  to  secure  constant  tappet-clearance, 
whether  the  engine  is  hot  or  cold,  overcome  only  one  of 
the  defects  of  open  gears.  Completely  enclosing  and  lu- 
bricating the  valves,  springs,  rockers  and  push-rods 
largely  eliminates  shock  and  wear  and  insures  lubrication. 
The  push-rods  become  heated,  with  the  result  that  the 
clearance  can  be  maintained  practically  constant.  Main- 
tenance of  a  constant  clearance  is  of  importance  in  avoid- 
ing an  excessive  change  of  valve-timing.  Most  air-cooled 
aircraft  engines  have  heavily  overlapped,  hot-valve  tim- 
ing, and  a  large  change  of  clearance  results  in  an  in- 
crease of  an  initially  large  overlap,  usually  causing  the 
engine  to  start  and  idle  poorly,  and  to  tend  to  pop-back 
when  the  throttle  is  opened. 


GOVERNMENT  AID  FOR  AVIATION1 


rPHE  fundamental  fault  with  the  subsidization  of  air 
*  transport  in  Europe  is  that  the  subsidy  is  granted  al- 
most entirely  for  military  reasons.  It  is  essentially  a  pre- 
mium on  mere  operation,  for  the  most  part.  When  new  de- 
signs are  encouraged,  stress  is  put  upon  the  military  fea- 
tures. This  is  a  vicious  system  inherently,  because  it  is  self- 
perpetuating;  it  discourages  the  only  kind  of  development 
that  can  put  aviation  on  its  own  feet.  The  European  methods 
have  been  conspicuously  successful  for  the  purpose  intended, 
but  the  American  people  has  a  very  just  suspicion  on  any 
kind  of  regular  subsidy.  I  voice  the  majority  opinion  of  air- 
craft men  themselves  by  saying  that  we  do  not  want  any 
subsidy  for  the  operation  of  aircraft  in  America.  We  do  not 
want  an  industry  that  must  be  continually  nursed  to  keep  it 
alive.  If  that  is  the  kind  of  business  we  are  pushing,  it  does 
not  deserve  any  help.  But,  while  we  may  feel  that  some  of 
the  foreign  governments  are  too  paternalistic,  we  should  not 
sit  and  do  nothing.  Our  railroads  never  could  have  devel- 
oped without  Government  cooperation.  We  can  do  at  least 
as  much  for  aviation. 

I  hardly  need  mention  the  main  essentials,  on  which  all 
seems  to  be  in  agreement.  Some  form  of  central  govern- 
mental bureau  for  civilian  aeronautics,  such  as  is  provided 
for  in  the  Wadsworth-Hicks  bill,  is  the  most  natural  starting- 


1  From  an  address  before  the  Metropolitan    Section,  by   Ralph   H. 
Upson,  airship  designer  and  balloonist. 


point.  Public  confidence,  safety  of  operation,  the  financing 
of  new  undertakings,  the  laying  out  of  routes  and  a  proper 
basis  for  insurance  will  all  be  facilitated  greatly  by  proper 
Government  cooperation.  Let  other  nations  back  commercial 
aviation  for  its  military  value.  If  we  can  develop  its  real 
commercial  value,  military  considerations  will  take  care  of 
themselves.  A  self-supporting  going  industry  that  is  an  eco- 
nomic asset  to  the  Country  is  the  best  military  asset  as  well. 
To  attain  this,  the  most  serious  problems  at  present  are  those 
of  a  technical  nature,  and  these  are  involved  almost  without 
any  exceptions  in  the  design  of  the  machines  themselves. 

France  is  spending  $2,.r>u0,000  per  year  on  aircraft  sub- 
sidies that  show  every  indication  of  being  perpetual.  Sup- 
pose our  own  Government  should  set  aside,  once  and  for  all, 
one-tifth  of  this  amount,  and  divide  it  into  a  series  of  prizes 
for  the  best  new  designs  to  accomplish  the  objects  of  safety 
for  passengers,  economy  for  merchandise  and  mail,  and  night 
flying.  There  is  every  reason  to  believe  that,  if  this  were 
done  properly,  the  personal  risk  could  be  cut  down  to  one- 
twentieth  of  its  present  value,  little  though  it  now  is;  that 
mail  could  be  carried  for  a  cost  per  pound  of  one-thirtieth 
of  the  present  rates,  successful  though  our  air  mail  already 
is;  and  that  aerial  transportation  would  open  up  a  great 
new  field  of  its  own  not  injuring  present  transportation  sys- 
tems, but  supplementing  them  to  the  great  advantage  of  the 
entire  public. 
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MOTOR  FUEL  FROM  COAL 


WHILE  the  problem  of  an  adequate  supply  of  liquid  fuels 
is  becoming  more  urgent  in  this  Country,  it  may  be  of 
interest  to  consider  how  the  same  problem  is  being  attacked 
in  England  where  there  is  no  natural  supply  of  liquid  fuel 
whatever  exclusive  of  shale  oil. 

An  article  on  The  National  Significance  of  Low-Tempera- 
ture Carbonization,  by  David  Brownlie,  in  the  Feb.  3,  1922, 
number  of  Engineering  (London)  discusses  at  some  length 
the  recent  developments  in  the  production  of  liquid  fuels  and 
other  important  products  by  the  low-temperature  distilla- 
tion of  coal.  This  project  was  given  impetus  in  England 
during  the  war  by  a  keen  realization  of  the  absolute  depend- 
ence of  the  country  on  outside  sources  of  fuel  for  the  navy, 
as  well  as  for  motor  transport  and  for  aviation.  A  sys- 
tematic cooperative  program  of  research  was  organized 
under  the  Department  of  Scientific  and  Industrial  Research 
with  a  view  to  solving  the  technical  difficulties  in  the  pro- 
duction of  a  maximum  amount  of  liquid  fuel  from  coal. 

The  article  referred  to  above  indicates  that  at  least  some 
of  the  more  serious  technical  problems  have  been  solved,  as 
well  as  the  economic  problem  of  a  market  for  the  products 
of  the  process.  The  conclusions  are  based  on  the  results 
obtained  in  a  plant  operating  on  a  commercial  basis  treating 
36  tons  of  coal  per  day.  This  plant  was  described  in  detail 
in  the  Oct.  28,  1921  number  of  Engineering. 

Mr.  Brownlie  gives  the  figures  presented  in  Table  1  for 
the  products  of  low-temperature  distillates  as  compared  with 
other  methods. 

Mr.  Brownlie  points  out  that  at  present  there  are  used  in 
Great  Britain  some  140,000,000  tons  of  coal  that  could  be 
subjected  to  low-temperature  distillation  without  including 
that  used  for  gas  pi-oduction,  metallurgical  coke,  and  similar 
purposes,  and  that  the  treating  of  this  coal  would  produce 
400,000,000  gal.  of  high-grade  motor  fuel  or  twice  the  pres- 
ent i  '  Urn;  also  2,350,000,000  gal.  of  oil,  at  least  50 
per  cent  of  which  would  be  high-grade  Diesel  engine  fuel, 
and  from  which  could  be  produced  an  adequate  supply  of 
lubricants. 

This  would  seem  to  meet  the  present  demands  for  all 
liquid  fuels  in  Great  Britain.  But  an  equally  important 
feature  of  the  process  is  the  utilization  of  the  non-volatile 
residue  or  coke  produced.  The  product  produced  by  this 
particular  process,  which  is  termed  "coalite,"  is  said  to  have 


TABLE  1 — PRODUCTS  FROM  1  GROSS  TON  OF  AVERAGE  COAL 


Temperature  of  Distil- 
lation, deg.  fahr. 

Solid  Product  (Coal 
Substitutes),  lb. 

Nature  of  Product 


Volatility     of     Product, 

per  cent 
Liquid    Product    (Motor 

Fuel,   Fuel   Oil,  etc.), 

gal. 
Nature  of  Product 
Gas,  cu.  ft. 
Calorific  Value  of   Gas, 

B.t.u.  per  cu.  ft. 


Low-Tem- 
perature 
Distillation 

High-Temperature 

Distillation 

Gas  Works    Coke  Ovens 

1,000 

1,800"              1,800" 

1.624 
Smokeless 
Fuel 
Coalite 

1,512                1,568 
Soft                Hard 
Coke            Metallur- 
gical Coke 

0.9 


20c 
Coalite  Oil 
6,000 

700-750 


Sulphate  of  Ammonia,  lb.      15 


1.0 


10 
Coal  Tar 
12,000 

550 
25 


0.5" 


Coal  Tar 
11,500 

450 
28 


11  Approximate. 

"  Maximum. 

■  Including  3  gal.  of  motor  fuel. 


all  the  desirable  qualities  of  coal  for  practically  all  purposes. 
It  has  the  advantage  of  being  smokeless,  having  only  about 
10  per  cent  volatile  matter,  and  the  author  discusses  at  con- 
siderable length  the  smoke  evil  that  might  be  eliminated  by 
the  universal  use  of  this  fuel.  Another  advantage  of  it  is 
that  it  gives  a  much  higher  radiant  efficiency  in  open  grates, 
some  10,000,000  of  which  are  in  use  in  England. 

A  discussion  is  given  also  of  the  advantage  of  the  in- 
creased production  of  sulphate  of  ammonia  that  would  attend 
the  general  adoption  of  low-temperature  distillation  practice 
and  could  be  used  to  increase  the  agricultural  production  of 
the  country. 

While  the  article  seems  to  show  conclusively  the  technical 
practicability  of  meeting  the  present  fuel  needs  of  Great 
Britain  from  the  coal  resources  alone,  and  of  eliminating 
smoke,  promoting  agriculture  and  affording  a  better  fuel  for 
open  grates,  there  is  no  discussion  of  the  relative  cost  of 
meeting  the  situation  in  this  way  as  compared  with  the 
present  practice  of  importing  liquid  fuels. 


CORROSION  OF  CHROMIUM  STEELS 


IT  appears  from  the  series  of  tests  that  the  Bureau  of  Stan- 
dards has  carried  out  upon  the  corrosion  of  chromium 
steel  that  the  behavior  of  the  material  when  subjected  to  the 
acid  test  is  not  a  sure  criterion  of  its  resistance  to  atmos- 
pheric corrosion.  Of  all  the  alloys  examined,  a  high  nickel- 
chromium  steel,  invar,  pure  iron  and  medium  carbon-steel 
that  cooled  very  slowly  from  a  high  temperature  were  the 
most  resistant  to  hydrochloric  acid  as  measured  by  the 
loss  of  weight  per  unit  area  per  day.  High-chromium  steels, 
for  example,  13.70  per  cent  of  Cr,  0.29  per  cent  of  C,  were 
found  to  be  attacked  by  acid  very  much  more  readily.  How- 
ever, when  the  same  specimens  were  subjected  to  a  weather- 


ing test,  consisting  of  a  partial  immersion  in  water  and  ex- 
posure to  the  air,  the  order  of  resistance  was  almost  com- 
pletely reversed.  The  high-chromium  steels  were  the  ones  to 
withstand  the  treatment  best,  the  low-chromium  ones  and  the 
pure  iron  showing  rust  spots  early  in  the  test.  The  com- 
bination of  both  nickel  and  chromium  appears  to  make  the 
steel  resistant  to  both  acid  and  weather  attack.  In  general, 
the  steels  that  were  quenched  were  found  to  resist  corrosion 
better  than  the  same  material  in  the  annealed  state,  but  the 
differences  found  were  much  less  than  the  differences  resulting 
from  composition  changes,  thus  indicating  that  composition 
rather  than  treatment  should  receive  the  first  consideration. 


OXYGEN  IN  IRON 


A  SERIES  of  melts  of  electrolytic  iron  have  been  made  at 
the  Bureau  of  Standards  under  air  in  the  induction  fur- 
nace with  additions  of  varying  amounts  of  metallic  calcium  as 
a  deoxidizing  agent.  The  addition  of  calcium  up  t«  0.2  per  cent 
did  not  increase  the  soundness  of  the  chilled  cast  ingots.  The 
amount  of  oxygen,  as  determined  by  the  Ledebur  method,  in 
the  ingots  was  practically  the  same  throughout  the  series, 
regardless  of  the  amounts  of  calcium  added.  The  average 
oxygen-content  of  the  calcium-treated  melts  was  approxi- 
mately 0.23  per  cent.     Pure  electrolytic  iron  melted   under 


the  same  conditions  contained  0.21  per  cent  of  oxygen.  All 
the  above-mentioned  melts  were  made  in  the  open  under  still 
air.  Electrolytic  iron  melted  under  a  jet  of  air  contained  only 
slightly  more  oxygen  than  when  melted  under  quiet  air, 
namely,  0.24  per  cent.  Ingot  iron  melted  under  similar  con- 
ditions under  quiet  air  and  under  an  air  jet  contained,  respec- 
tively, 0.21  and  0.26  per  cent  of  oxygen.  Ingot  iron  melted 
under  the  oxidizing  flame  of  a  gas  blast-torch  contained  0.26 
per  cent  of  oxygen,  the  same  as  when  melted  under  a  jet 
of  air. 
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Economics  of  Motor  Transport 


By    M  ERKILL    C.     II'  'KINK1 


Asm    \i     Mm   PING    PAP]  R 


Illustrated  with  Photographs  \\n  Diagram 


TIIK  author  states  that  motor  transport  today  is 
threatened  with  arrested  progress  due  to  the  lack 
uf  economic  coordination  between  motor-vehicle  opera- 
tion, highway  construction  and  legislative  regulation. 
Highways  constructed  at  considerable  cost  to  the  pub- 
lic have  gone  to  pieces  everywhere,  in  many  cases 
years  before  their  bond  issues  have  matured.  Efforts 
to  preserve  these  roads  have  been  confined  principally 

to  heavy  taxation  and  restriction  of  motor  transport; 
they  have  not  been  made  upon  a  sound  economic  basis, 
largely  because  principles  of  highway-transport  eco- 
nomics are  not  only  imperfectly  understood,  but  have 
hardly  been  studied  sufficiently  to  provide  any  definite 
basis  of  understanding.  The  development  of  highway 
construction  and  motor-truck  operation  must  proceed 
along  sound  lines  to  protect  the  public  against  serious 
and  unnecessary  losses,  to  preserve  what  highways  we 
have,  and  to  build  a  foundation  for  better  ones  in  the 
future  and  to  forestall  disaster  to  the  builders  and  the 
thousands  of  users  of  the  most  economical  types  of 
highway-transport  vehicle.  The  solution  of  this  mat- 
ter is  the  application  of  scientific  inquiry  and  engi- 
neering skill  to  the  economic  problems  presented.  As  a 
contribution  to  preliminary  thought  on  the  subject,  this 
paper  was  prepared  for  the  purpose,  principally,  of 
ing  the  main  features  of  the  problems  involved  in 
their  interrelation  and  significance. 

An  effort  has  been  made  to  represent  graphically  the 
factors  entering  into  the  ideal  of  motor-transport  eco- 
nomics; namely,  economic  efficiency.  The  conclusions 
hazarded  in  the  paper  are  suggestive  rather  than  final 
in  many  cases  and  no  attempt  has  been  made  to  evalu- 
ate definitely  the  various  factors  of  efficient  motor 
transport.  It  is  hoped  that  the  paper  will  provoke 
thought  and  discussion  among  engineers,  to  the  end 
that  the  considerable  volume  of  research  necessary  to 
arrive  at  such  evaluation  can  be  promoted. 

IT  would  be  absurd  to  state  that  the  engineering  devel- 
opment of  motor-truck  and  highway-tractor  design 
is  at  an  end  or  that,  even  in  the  face  of  the  greatest 
economic  emergency,  it  should  be  halted;  but  the  time 
has  come  when  the  engineer  must  turn  his  scientific  in- 
quiry and  deduction  into  other  and  equally  important 
channels.  The  development  of  the  motor  truck  has  placed 
it  in  a  position  of  economic  and  industrial  importance 
that  demands  the  application  of  engineering  to  the 
broader  aspects  of  motor  transport.  The  highway, 
which  until  the  development  of  the  railroad  was  the 
chief  factor  in  the  economic  and  military  progress  of 
nations,  is  once  more  taking  its  place  as  the  most  impor- 
tant factor  in  transportation.  First  the  war,  then  the 
railroad  demoralization  that  followed  it  and  lately  the 
threatened  railroad  strike,  demonstrated  the  emergency 
value  of  motor  transport  in  industrial  life,  and  in  com- 
merce. 

It  is  not  generally  known  or  even  suspected  by  the  great 
mass  of  people  that  the  motor  truck  is  today  transport- 
ing approximately  one-eighth  of  the  tonnage  trans- 
ported annually  by  all  of  the  railroads  in  this  Country. 
Motor  trucks  transport  approximately   300,000,000  tons 


•M-S-AE. — Engineer.  International  Motor  Co.,  New  York  City. 


as  against  about  2,400,000,000  tons  transported  on  rails. 
Yet,  of  the  2,000,000  miles  of  highway  in  this  Country, 
only  about  12  per  cent  or  300,000  miles  is  improved. 
Motor-truck  operation  is  confined  principally  to  this 
300,000  miles,  which  is  20  per  cent  more  than  the  250,000 
miles  of  railroad  in  the  United  States.  Authorities  have 
been  predicting  for  years  that,  despite  the  tremendous 
size  and  importance  of  the  passenger-automobile  indus- 
try, the  motor-truck  business  is  destined  before  long  to 
exceed  it  in  size. 

The  development  of  the  motor  truck  has  been  so  rapid 
that  highway  development  has  by  no  means  kept  pace 
with  it;  in  fact,  highway  development  lags  far  behind 
the  requirements  for  passenger  automobiles.  It  can  be 
said  truthfully  that  modern  types  of  road  pavement  are 
the  outgrowth  of  motor-car  development,  but  there  is  evi- 
dence on  every  hand  that  the  majority  of  so-called  motor- 
vehicle  roads  are  not  adapted  to  motor  trucks. 

Until  recently,  what  little  scientific  research  there  was 
in  respect  to  motor  transport  centered  about  the  economy 
of  the  vehicle  itself,  while  that  devoted  to  highways  took 
little  or  no  account  of  the  most  economical  types  of  motor 
truck.  Such  narrow  conceptions  inevitably  lead  to  uneco- 
nomic conclusions.  The  student  of  vehicle  efficiency  alone 
soon  finds  that  the  larger  the  vehicle  is  and,  consequently, 
the  greater  the  useful  load  that  it  moves,  the  more 
economical  in  cost  per  unit  of  load  it  will  be.  The  high- 
way engineer,  on  the  contrary,  reaches  the  conclusion 
that  the  most  economical  road  is  one  of  light  construc- 
tion, narrow  width  and  general  conformity  to  the  topog- 
raphy of  the  country.  The  vehicle  economist  therefore 
urges  trucks  of  the  greatest  capacity  that  can  be  oper- 
ated conveniently  and  for  which  there  is  sufficient  load 
to  carry,  and  the  highway  engineer  urges  nothing  but 
the  lighest  of  vehicles.  The  result  is  a  compromise 
which  is  neither  scientific  nor  economic,  since,  as  a  rule, 
the  actual  roads  are  of  insufficient  strength  and  durabil- 
ity to  withstand  the  exactions  of  prevailing  traffic,  and 
the  average  vehicle  is  too  small  to  produce  the  haulage 
economy  which  is  needed.  Vast  sums  are  squandered 
annually  on  types  of  road  utterly  incapable  of  returning 
in  traffic  facility  and  durability  enough  value  to  justify 
their  cost,  and  the  public  is  obliged  to  pay,  in  the  cost 
of  commodities,  an  unduly  high  transportation-cost  be- 
cause of  bad  roads,  poorly  adapted  routes  and  unreason- 
able restrictions  upon  weight  and  speed. 

Coordination  between  highway  and  vehicle  develop- 
ment is  difficult  because  of  the  independent  control  of 
vehicle  operation  and  of  road  building,  but  it  is  impeded 
still  further  by  the  lack  of  understanding  that  exists  as 
between  the  highway  authorities  and  motor-truck  oper- 
ators, and  by  the  confusion  of  issues  by  the  general  pub- 
lic. The  problem  of  the  railroads  has  been  very  much 
simpler,  since  those  charged  with  maintenance  of  way 
and  those  responsible  for  the  operation  of  rolling  stock 
move  under  the  control  of  a  single  directing  manage- 
ment, the  engineering  activity  of  all  branches  of  the  en- 
terprise being  consolidated  and  coordinated.  The  result 
has  been  the  development  of  locomotives  and  cars  capable 
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LIMIT 

800  LBS. 

PER  INCH  OF  f. 

TIRE  W!DT1Ji 


LIMIT 
3S0  LBS.     | 
PER  INCH  or 
TIRE  WIDTH 


Fig.   1 — Highways  Must  Be  Developed  in  Conjunction   with  Vehicle  Progress 

Railroad    Development   Was  Not  Retarded  by  the   Existence   of  Iron  Strap  Rails  for  Such  Trains  as  Were  Drawn  by  the 
DeWitt  Clinton,  but  Has  Kept  Pace  with  the  Increase  in  the  Weight  and  the  Speed  of  the  Rolling  Stock 


of  moving  5000  tons  in  one  traffic  unit,  and  of  roadbeds 
and  rails  capable  of  supporting  such  loads  at  economical 
speeds.  The  engineering  work  devoted  to  the  develop- 
ment of  the  railroad  grade,  track,  bridges  and  other 
works  included  in  the  right-of-way  has  required  a  de- 
gree of  intensive  study  not  inferior  to  that  directed 
toward  the  perfection  of  the  rolling  stock. 

Coincident  with  this  work,  economic  engineering  of  the 
highest  order  has  been  necessary  to  coordinate  the  de- 
velopment of  the  two  so  that  the  result  would  be  con- 
ducive to  the  most  economical  transportation.  Inde- 
pendent work  by  either  the  civil  or  the  mechanical 
branches  of  railroad  engineering  could  never  have 
reached  the  point  that  they  have  attained  in  conjunction, 
as  indicated  in  Fig.  1.  Likewise,  highway  and  vehicle  en- 
gineers can  never  develop  highway  transport  to  its  ulti- 
mate efficiency  without  coordinating  their  activities. 

Legislation  enacted  independently  by  the  48  little  re- 
publics that  constitute  this  Nation  cannot  do  otherwise 
than  increase  the  economic  loss  resulting  from  the  mu- 
tual unadaptability  of  the  motor  truck  and  the  highway,  as 
indicated  in  Fig.  2.     The  railroads  were  the  target  for 


restrictive  attention  by  legislators  not  so  very  long  ago, 
and  it  is  admitted  universally  today  that  legislative  med- 
dling with  the  railroads  has  not  been  conducive  to  in- 
creased efficiency,  lower  charges  to  the  shipper  or  indus- 
trial peace.  Hundreds  of  official  inquiries  into  the  cost 
of  living  have  been  unavailing,  and  the  economist's  voice 
in  the  wilderness  pointing  to  the  deep  underlying  causes 
is  still  unheard. 

The  success  of  the  automotive  industry  depends  upon 
the  degree  of  utility  of  its  products  to  the  public.  Any- 
thing that  detracts  from  the  utility  of  the  motor  truck 
threatens  the  welfare  of  every  member  of  the  automo- 
tive industry.  There  is  nothing  that  has  so  profound  an 
effect  upon  prosperity  as  transportation.  All  industry 
exists  as  a  result  of  an  unequal  distribution  of  commod- 
ities geographically,  and  consists  of  the  production  of  a 
surplus  where  such  production  can  be  carried  on  most 
economically  to  supply  a  deficiency  at  some  other  location. 
The  history  of  any  manufactured  article  is  a  history  of  a 
long  journey;  in  many  and  perhaps  in  most  cases  the 
cost  of  development  represents  the  greater  part  of  its 
cost. 


1'"ig.    2 — Indiscriminately    Legislating    the    Most    Economical   Cakrvers,   the   Big   Trucks,   Off  the   Highways,   City 
Streets  and  Country  Roads  Is  an  Economic  Waste  ;  Hiohwats   Should   Be   Built  To  Carry   the   Big   Trucks 

While  the  Cause  of  This   Action   Is   the  Inability   of  Some  of   the    Poorer   Roads   To    Withstand    Modern    Traffic,    Such    a 
Practice  Increases  the  Cost  of  Transportation   and  the  Latent  Value  of  Good   Roads  Is  Not  Realized 
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Fio.  3 — Chart  Showing  the  Economic  Efficiency  Factors  of  Motor  Transport 
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Motor-transport  economics,  therefore,  represents  the 
means  whereby  the  public  can  be  enabled  to  derive  more 
benefit  from  the  product  of  the  automotive  industry,  and 
involves  the  scientific  study  of  all  factors  relating  to  the 
transportation  of  loads  over  roads.  The  study  of  motor- 
transport  economics  calls  for  engineering,  both  civil  and 
mechanical,  the  principles  of  which  are  common  and  com- 
bine considerations  of  mechanical  efficiency,  road  struc- 
ture and  commercial  traffic.  It  contemplates  highway 
transport  in  relation  to  the  interests  of  the  public  as  a 
whole. 

Fig.  3  is  an  outline  of  the  principal  elements  of  the 
subject  in  their  intricate  relation.  Each  element  is  com- 
bined with  related  elements  to  form  a  single  factor. 
These  factors,  in  combination  with  other  related  factors, 
are  reduced  to  terms  whereby  a  balance  can  be  secured 
between  antagonistic  considerations  to  make  up  a  co- 
herent conception  of  their  interrelation.  For  lack  of 
precedent,  arbitrary  terms  have  been  used  to  designate 


of  its  ability  to  serve  the  vehicle,  and  that  its  economic 
justification  is  the  saving  in  transportation  cost  that  it 
enables  the  vehicle  to  effect. 

Finally,  the  general  public  must  realize  its  position  as 
a  stockholder  in  every  transportation  enterprise.  Public 
investment  in  highways  pays  dividends  in  the  form  of 
lower  transport-costs  than  would  prevail  without  them, 
and  in  proportion  to  the  extent  to  which  highways  and 
vehicles  are  adapted,  on  the  one  hand,  and  the  extent  to 
which  this  adaptability  permits  the  operation  of  the  most 
economic  types  and  sizes  of  motor  truck  and  methods  of 
operation,  on  the  other  hand.  Taxation  of  motor  trucks 
out  of  all  proportion  to  the  benefits  derived  from  their 
operation  does  not  shift  the  burden  from  the  common- 
wealth to  the  private  pocket  of  the  truck  owner,  but 
simply  requires  that  highway  cost  be  paid  in  the  form  of 
increased  cost  of  commodities  instead  of  in  taxes,  with 
the  constant  danger  that  the  continual  readjustment  of 
charges  for  haulage  and  commodities  hauled  by  motor- 


Fig.  4 — Scrapping  the  Big  Truck  Will  Not  Decrease  the  Amount  or  Goods  To  Be  Moved 
This  May  Increase  ihe   Burden  on   the   Community   Instead   of  Effecting  a   Saving,    Since  a  Larger  Number   of   Smaller  and 

Less  Economical  Trucks  Must  Be  Employed 


the  various  factors  and  groups  of  factors.  The  entire 
subject  has  been  reduced  to  a  single  term,  that  of  "eco- 
nomic efficiency." 

Economic  Efficiency 

Economic  efficiency,  as  related  to  highway  transport, 
can  be  defined  as  the  measure  of  net  benefit  derived  by 
the  community  arising  from  the  operation  of  a  motor- 
transport  installation. 

We  of  the  automotive  industry  must  get  into  the  habit 
of  thinking  of  motor-transport  economy  in  the  terms  of 
cost  to  the  consumer.  We  cannot  hope  to  have  the  strong, 
hard,  smooth,  wide  highways,  connecting  industrial  cen- 
ters by  direct  routes,  which  we  know  are  essential  to  the 
proper  and  continued  expansion  of  the  motor-truck  in- 
dustry, before  the  public  shall  have  been  convinced  that 
the  cost  of  such  roads  is  merely  an  investment  in  cheap 
transportation  that  will  be  returned  with  interest  in  the 
form  of  lower  commodity-prices  by  reason  thereof.  The 
highway  industries  must  likewise  revise  their  concep- 
tion of  the  motor  vehicle,  and  particularly  of  the  motor 
truck,  from  that  of  a  trespasser  on  the  roads  to  that  of 
an  essential  and  economical  carrier  capable  of  earning  its 
share  of  the  cost  of  roads  capable  of  accommodating  it. 
They  must  be  brought  to  realize  that  the  highway  exists 
for  the  benefit  of  the  vehicle,  that  its  usefulness  consists 


truck  users  will  result  in  waste  and  commercial  losses, 
including  the  retardation  of  motor-transport  develop- 
ment; all  of  which  reacts  unfavorably  on  the  public 
purse. 

Restriction  of  sizes  and  weights  of  truck  for  the  pur- 
pose of  prolonging  the  life  of  uneconomic  types  of  road, 
such  as  to  prevent  the  opei'ation  of  the  most  economical 
type  and  size  of  truck,  will  prove  expensive  to  the  public 
in  the  end  for  two  principal  reasons 

(1)  The  elimination  of  the  heavy  truck  will  not  re- 
duce the  volume  of  transportation  over  the  road, 
but  will  divert  it  to  smaller  vehicles  in  greater 
number;  this  will  occasion  a  considerably  higher 
transportation-cost,  as  is  illustrated  in  Fig.  4 

(2)  The  operation  of  this  greater  number  of  smaller 
vehicles  at  higher  speeds  and  generally  greater 
impact  upon  the  road  will  result  in  more  rapid 
road-wear  and  will  require,  in  time,  the  widening 
of  the  road  to  accommodate  the  large  number  of 
vehicles.  The  cost  of  a  wider  road  of  lighter  con- 
struction may  very  possibly  be  greater  than  that 
of  a  narrower  one  of  heavier  construction,  as  is 
shown   in  Fig.  5 

The  maximum  economic  efficiency,  therefore,  depends 
upon  the  adaptability  of  the  road  to  a  type  of  vehicle  that 
is  the  most  adaptable  to  the  nature  of  the  haulage  work 
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to  be  performed,  operated  in  the  most  effective  and  eco- 
nomical manner.  These  considerations  involve  three 
groups  of  factors  which  can  be  termed  highway  efficiency, 
transport  efficiency  and  vehicle  efficiency. 

Highway  Efficiency 

Highway  efficiency  consists  of  (a),  the  adaptability 
of  the  road  to  the  carrier  and  (6),  the  adaptability  of  the 
carrier  to  the  road.  In  other  words,  a  highway  may  be 
efficient  by  reason  of  its  appropriateness  to  prevailing 
types  of  vehicle  or  because  the  vehicles  are  adapted  to 
its  particular  construction,  as  is  indicated  in  Fig.  6. 

As  shown  in  Fig.  3,  the  adaptability  of  the  road  to 
the  carrier  requires  that  it  possess  the  proper  capacity, 
tractive  resistance,  grades,  routes,  curves  and  corners; 
in  other  words,  it  must  be  wide  enough  to  permit  the 
traffic  to  flow  freely  and  without  unnecessary  delay.  What 
width  will  best  accomplish  this  end  will  depend  naturally 
upon  the  types  of  vehicle  making  up  the  traffic  and  the 
volume  and  speed  of  such  traffic.  It  must  have  a  surface 
capable  of  withstanding  the  pressure  of  the  tires  and  a 
structure  capable  of  withstanding  the  impact  occasioned 
by  the  passage  of  the  vehicles.  It  must  be  of  such  nature 
that  the  changes  of  condition  with  the  seasons  or  weather 
will  not  interfere  with  its  use.  It  must  have  a  surface 
that  produces  a  low  tractive-resistance,  grades  that  are 
within  the  practical  ability  of  the  truck  and  a  route  cal- 
culated to  give  direct  and  easy  access  to  the  points  that 


the  truck  must  reach.  Curves  and  corners  must  be  such 
as  to  permit  the  vehicle  to  negotiate  turns  without  diffi- 
culty. The  adaptability  of  the  carrier  to  the  road  natur- 
ally depends  upon  characteristics  of  ability  complement- 
ary to  the  above-specified  elements. 

A  road  that  is  narrow,  soft  and  poorly  drained,  having 
steep  grades  and  sharp  curves,  is  naturally  very  poorly 
adapted  to  heavy  tractors  and  trailers,  the  characteristics 
of  which  require  a  road  of  at  least  16-ft.  width  having 
a  smooth,  hard  surface,  a  firm  subgrade,  good  drainage, 
moderate  grades  and  gradual  curves  wider  than  the 
straight  portions  of  the  road. 

Transport  Efficiency 

Transport  efficiency  consists  of  (a),  the  adaptability  of 
the  carrier  to  the  volume  and  character  of  the  load,  (6) 
the  comparative  adaptability  of  motor  transport  to  horse 
transport  or  railroad  transportation  and  (c),  the  adapt- 
ability of  carrier  to  traffic  conditions. 

Again,  as  shown  in  Fig.  3,  the  adaptability  of  the  car- 
rier to  the  volume  and  character  of  load  depends  upon  the 
total  load-units  to  be  carried,  the  range  as  constituted 
by  the  maximum  and  minimum  load-units  to  be  hauled 
per  unit  of  time,  the  average  load-units  per  unit  of  time, 
the  density  of  the  load,  the  length  of  haul  and  its  route 
and  the  number  and  probable  duration  of  stops  for  load. 

By  the  term  load-unit  is  meant  the  unit  by  which  the 
load  is  measured;  such  as  tons  for  coal,  cubic  yards  for 


Fio.   6 — The  Restriction  or  Truck   Size  without  Any  Restriction  on  tiik  Load  Will  Not  Adequately  Protect  Roads 

tii  it  Abb  Not  Strong  Enough  To  Meet  thi    ii  uth    Requireme 
The  Restriction  of  Truck  Size  En  i  Ovei  loaded  Light  Troika  May  Be  More  Destructive  Than  Properly 

Loaded    Heavier    Vehicles   and   Are    Also   Dangerous 
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sand,  gallons  for  oil,  thousands  of  board-feet  for  lumber, 
packages  for  department  stores  and  cans  for  milk.  The 
character  of  load-unit  and  the  kind  of  material  or  com- 
modity that  it  represents  determines  the  type  of  body 
best  adapted  to  efficient  haulage ;  and  the  maximum,  min» 
imum,  average  and  total  amounts  to  be  hauled,  together 
with  the  length  of  haul,  determine  the  most  economical 
size  of  chassis.  The  route  and  the  number  and  prob- 
able duration  of  stops  for  load  have  a  considerable 
bearing  upon  the  type  of  equipment  that  is  most  eco- 
nomical; that  is,  whether  a  truck,  a  tractor  with  semi- 
trailer, a  truck  with  full  trailer  or  a  tractor  and  trailer 
train  is  most  suitable;  whether  solid  or  pneumatic-tire 
equipment  should  be  provided;  and  whether  gasoline  or 
electric  power  should  be  used. 

If  the  work  involves  a  long  haul  over  a  route  includ- 
ing soft  and  tortuous  mountain-roads,  with  few  stops  of 
short  duration,  the  material  being  in  units  of  packages 
of  low  density,  the  equipment  is  limited  immediately  to 
a  light-weight,  high-speed  pneumatic-tired  chassis  hav- 
ing an  enclosed  or  a  screen-sided  panel-body  equipped 
with  means  for  readily  taking  out  individual  deliveries. 
The  equipment  will  naturally  have  to  be  gasoline-pro- 
pelled, preferably  provided  with  electric  light  but  not  nec- 
essarily with  electric  starting.  If,  on  the  other  hand,  the 
work  involves  the  haulage  of  a  large  quantity  of  an  ex- 
ceedingly dense  material  of  a  non-fragile  nature,  in  cubic- 
yard  units  over  only  a  few  miles  of  reasonably  hard  and 
level  road,  with  no  stops  for  loads  between  terminals 
and  subject  to  considerable  variation  in  the  number  of 
cubic  yards  to  be  transported  per  day,  the  most  econom- 
ical equipment  is  a  71  i-ton  chassis  having  a  wide,  flat, 
steel,  mechanical-dumping  body,  with  full  trailers  having 
similar  bodies  for  use  when  the  volume  of  work  is  par- 
ticularly heavy. 

The  comparative  adaptability  of  motor  transport  to 
other  means  of  transportation  depends  upon  the  com- 
parative adaptability  of  different  possible  methods  along 
the  line  already  stated.  In  the  consideration  of  horse 
transport,  pi-actically  every  factor  concerned  with  motor 
transport  must  be  taken  into  account.  In  addition,  the 
factor  of  public  health  will  become  more  important.  In 
connection  with  railroad  transport,  the  comparison  with 
motor  transport  is  limited  to  consideration  of  transport 
efficiency  and  economy.  Moreover,  railroad  transporta- 
tion must  be  judged  also  from  the  standpoints  of  the 
cost,  delay  and  breakage  incident  to  carriage  over  the 
streets  at  each  end  of  the  rail  haul,  and  the  extra  pack- 
ing, boxing  and  carting  required  in  railroad  transpor- 
tation. In  most  cases  it  is  not  difficult  to  define  the  sep- 
arate fields  of  efficient  transport  of  the  horse,  the  rail- 
road and  the  motor  carrier.  None  of  the  three  is  cap- 
able of  serving  for  all  kinds  of  transportation  efficiently. 
The  field  of  motor  transport  lies  in  a  ground  between 
economical  horse  and  railroad  transportation.  The  adapt- 
ability of  the  carrier  to  traffic  conditions  depends  upon 
how  it  conforms  with  State  and  local  regulations,  the 
average  running  speeds  that  are  possible  in  prevailing 
traffic  and  the  degree  to  which  it  is  adapted  to  bridges 
and  ferries  on  the  route,  as  illustrated  in  Fig.  7. 

Vehicle  Efficiency 

Vehicle  efficiency  is  concerned  with  the  comparative 
amount  of  benefit  derived  from  the  operation  of  the 
equipment  for  the  amount  of  expense  of  one  sort  or  an- 
other incurred  by  its  operation,  and  can  be  expressed  as 
the  combination  of  effective  operation,  efficient  mainte- 
nance and  economy  of  cost. 

Effective  operation  can  be  expressed  as  the  combina- 


tion of  two  factors ;  namely,  the  moving  factor  and  the 
load  factor.  The  former  is  simply  the  percentage  of  time 
spent  by  the  truck  in  moving.  The  latter  represents  the 
percentage  of  load  capacity  that  is  constituted  by  the 
actual  average  load  carried.  Fig.  3  gives  a  few  of  the 
principal  elements  of  operation  that  affect  these  factors. 
Thus,  a  truck  can  be  considered  to  have  a  100-per  cent 
operating  efficiency  when  the  wheels  are  turning  every 
minute  of  the  working  day  and  it  is  carrying  a  full- 
capacity  load  at  all  times.  Such  a  condition  could  rarely 
exist,  but  it  is  conceivable  that  a  truck  might  be  used  in 
spreading  road  material  in  such  a  manner  that  it  would 
receive  its  load  from  a  traveling  chute  without  stopping 
at  the  loading  point,  and  would  spread  it  on  a  road  or 
yard  surface  while  moving  through  the  unloading  point. 
Ordinarily,  a  moving  factor  of  60,  representing  6  hr.  run- 
ning out  of  a  10-hr.  day,  and  a  load  factor  of  50,  repre- 
senting a  212-ton  average  load  on  a  5-ton  truck,  are  to 
be  considered  satisfactory  operation. 

Maintenance  efficiency  is  expressed  by  a  single  factor; 
namely,  the  active  factor,  by  which  is  meant  the  percent- 
age of  working  days  during  which  the  truck  is  in  com- 
mission. An  active  factor  of  100  per  cent  represents  a 
truck  in  commission  310  working  days  in  a  310-day  year. 
Fig.  3  indicates  two  classes  of  lay-up  that  commonly  are 
responsible  for  an  active  factor  of  less  than  100  per  cent; 
namely,  those  due  to  disability  of  the  truck  and  those 
due  to  conditions  in  the  owner's  business  that  render  the 
operation  of  the  truck  unnecessary.  An  active  factor  of 
100  per  cent  is  by  no  means  uncommon  among  the  better 
grades  of  chassis. 

Economy,  in  the  narrower  sense  in  which  it  is  used 
in  connection  with  Fig.  3,  consists  simply  of  the  ratio 
between  cost  and  earning.  These  are  termed,  respec- 
tively, the  earning  factor  and  the  cost  factor.  Included 
in  the  earnings  of  a  motor  truck  are  all  the  benefits  that 
accrue  to  the  user  by  reason  of  its  operation,  including 
the  savings  effected  over  what  his  costs  would  have  been 
by  the  next  most  suitable  form  of  transport.  Fig.  3  only 
outlines  and  suggests  a  few  of  these  benefits,  which  must 
of  necessity  be  of  limitless  variety  in  different  installa- 
tions. The  cost  factor  is  made  up  of  two  groups  of  ex- 
pense; namely,  the  operating  cost  and  the  overhead. 
Included  in  the  operating  cost  are  the  usual  fixed,  main- 
tenance and  running  charges,  covered  by  the  National 
Standard  Truck  Cost  System,  and  under  overhead  are  all 
other  charges  concerned  with  the  business  that  arise 
from  or  are  necessitated  by  the  operation  of  motor  trans- 
portation. 

It  is  possible  to  derive  some  measure  of  the  economic 
efficiency  of  a  motor-transport  installation  out  of  a  com- 
bination of  all  of  these  factors.  These  are  the  materials 
with  which  we  have  to  work,  the  remaining  problem  in 
arriving  at  a  conclusion  being  to  evaluate  and  harmon- 
ize them  in  such  a  manner  as  to  attain  an  equation  in 
which  all  factors  are  in  their  proper  proportion.  To  do 
this,  it  is  first  necessary  by  experiment,  research  and 
calculation  to  base  as  many  of  these  factors  as  possible 
upon  definite  determination  of  facts,  many  of  which  are 
exceedingly  obscure  today.  As  might  be  expected,  it  is 
not  possible  within  the  limited  compass  of  a  single  paper 
to  more  than  reconnoiter  the  ground  to  be  covered  by  a 
research  development  that  it  is  hoped  will  enlist  the  co- 
operation of  automotive  and  highway  engineers  and 
economists  throughout  the  industry. 

Lines  of  Necessary  Research 

Some  of  the  principal  subjects  for  needed  research  for 
the  development  of  what  can  be  termed  the  economics  of 
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7     Larob-Capacity  Trucks  Are  Better   Adapted  to  City  Ti    i    i<    i  onditions  Than-  Smaller  Vbhk  i 

i    l<   Normal   to  the  Large  Truck  and   II  Iver   Large    Daily  Tonnages   Despite  Traffic 

Conditions,  ;< "<l  Since  the  Sa  m  of  Tonnage  Can  BeTranspo-i.il  In  Fewer  Vehicles  There  is  a  Tendencj   Toward 

i>n   in  Traffic  Congestion 


motor  transport  are  (a)  highway  engineering,  (b)  high- 
way economics,  (c)  traffic  investigation  and  (d)  automo- 
tive engineering.  In  regard  to  highway  engineering, 
they  are 

(1)  Safe  tire-loads  for  various  types  of  road  construc- 
tion 

(2)  Safe  total  axle-weights  for  various  types  of  road 
construction 

(3)  Impact  resistance  of  various  types  of  road  con- 
struction 

I  1)    Tractive   resistance  of  various  types  of  road 

(5)  Super-elevation  of  curves 

(6)  Relation  of  necessary  widening  of  road  at  cor- 
ners to  degree  of  curvature 

(7)  Types  of  bridge  appropriate  to  various  types  of 
road 

(8)  Necessary  degree  of  surface  smoothness  to  reduce 
impact  to  harmlessness 

Under  highway  economics  are  included  the 

(1)  Construction  and  maintenance  cost  per  mile  of 
various  types  of  road,  pro-rated  over  the  life  of 
the  road 

(2)  Vehicle  capacity  of  road  per  hour,  under  practi- 
cal traffic  conditions 

(3)  Tonnage  capacity  of  road,  with  various  types  of 
traffic,  in  reference  to  the  speed  and  capacity  of 
trucks 

(4)  Proportion  of  highway  and  vehicle  cost  respec- 
tively to  the  total  cost  of  motor  transport 


In  traffic  investigation,  the  need  is  for  a  traffic  census 
on  important  street  and  highway  motor-truck  routes. 
Such  an  investigation  should  show  not  only  the  total 
number  and  types  of  vehicle  traversing  the  road,  but  the 
load  factor  and  speed  under  which  they  are  operated  and 
changes  in  volume  at  different  periods  of  the  day,  all 
such  data  being  collected  at  various  times  and  at  several 
points  so  that  the  following  factors  can  be  determined 

(1)  Daily  tonnage  hauled  over  the  route 

(2)  Daily  vehicle-mileage  over  the  route 

(3)  Average  load  per  vehicle 

(4)  Average  miles  traveled  on  the  route  per  vehicle 

(5)  Ton-miles  per  day  on  the  route 

(6)  Comparative   ton-miles   at   different    hours   of   the 
day  and  on  different  days  of  the  week 

(7)  Comparative    ton-mileage    at    different    times    of 
the  year 

(8)  Comparative  ton-mileage  at  different  points  of  the 
route 

(9)  A    study    of    comparative   costs   of   transportation 
by  railway  freight,  express  and  trolley  express 

Such  a  study  should  contemplate  the  complete  cost  for 
different  classes  of  material  commonly  hauled  on  motor 
trucks,  including  freight  charges,  trucking  at  the  point 
of  origin  and  destination,  and  extra  packing-costs. 

Automotive-engineering  research  is  desirable  on  the 
effect  of  grades,  relative  smoothness  of  surface  and  trac- 
tive resistance  upon 
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(1)  Gasoline  consumption 

(2)  Speed 

(3)  Drawbar-pull 

(4)  Acceleration 

Work  along  these  lines  is  in  progress.  The  Bureau 
of  Public  Roads  of  the  Department  of  Agriculture  is 
spending  $150,000  per  year  on  road  research  and  experi- 
ment. The  various  States  and  the  National  Research 
Council  also  are  vigorously  prosecuting  work  along  sim- 
ilar lines.  The  Iowa  Engineering  Experiment  Station, 
for  example,  has  $10,000  per  year  to  spend  upon  highway 
research,  of  which  it  is  understood  about  $7,500  will  be 
devoted  to  an  economic  study  of  highways. 

The  National  Research  Council,  through  its  Commit- 
tee on  Economic  Theory  of  Highway  Improvements, 
under  the  chairmanship  of  Prof.  T.  R.  Agg,  is  con- 
ducting a  series  of  tests  at  the  Massachusetts  Institute  of 
Technology  to  determine  some  of  the  physical  relation- 
ships between  the  vehicle  and  the  highway. 

Experiments  begun  by  the  Office  of  Public  Roads, 
under  the  direction  of  A.  T.  Goldbeck,  are  being  con- 
tinued. Mr.  Goldbeck,  as  chairman  of  the  National  Re- 
search Council's  Committee  on  Structural  Design  of 
Roads,  is  making  a  new  set  of  tests  on  the  Illinois  ex- 
perimental highway. 

The  $275,000,000  Federal  aid  appropriation  for  high- 
ways has  not  been  spent  by  any  means.  It  is  estimated 
that  the  annual  highway  expenditure  of  the  Federal  Gov- 
ernment, the  several  States,  and  the  counties  and  town- 
ships within  those  States,  amounts  to  $1,000,000,000  per 
year.  As  against  this,  motor-vehicle  owners  contribute 
the  largest  single  item,  conservatively  estimated  at 
$316,720,878,  of  which  $102,000,000  is  in  registration  and 
license  fees  alone;  and  the  amount  being  contributed  by 
motor-vehicle  users  in  the  form  of  direct  taxation  is  in- 
creasing rapidly. 

There  can  be  no  doubt  that  the  principle  of  taxing  the 
users  of  the  highway  for  the  privilege  of  making  use  of 
the  public  roads  is  faulty,  especially  when  the  basis  upon 
which  the  tax  is  levied  is  unscientific  and  inequitable, 
applying  only  to  power-driven  vehicles  in  most  cases, 
while  permitting  animal-drawn  vehicles  free  use  of  the 
highway.  Unquestionably,  the  benefits  of  the  highway 
extend  to  every  citizen,  irrespective  of  whether  he  oper- 
ates a  motor  vehicle.  This  special  taxation  is  inevitably 
passed  along  to  the  general  public  in  the  form  of  in- 
creased price  of  commodities,  illustrated  in  Fig.  8.  The 
practice  is  gaining  impetus  throughout  the  States.  Texas 
has  recently  passed  a  law  whereby  motor  trucks  are  taxed 
a  certain  amount  per  mile  operated. 

Acquiescence  to  this  condition  of  affairs  by  motor- 
vehicle  users  carries  with  it  the  right  to  demand  a  voice 
in  highway  councils  to  the  end  that  the  money  shall  be 
spent  on  types  of  highway  construction  that  are  eco- 
nomically suited  to  the  transportation  needs  of  th6 
Country.  It  is  the  engineers  of  this  automotive  industry 
who  must  lead  in  furthering  the  proper  economic  devel- 
opment of  the  highways  and  the  development  of  motor- 
transport. 

THE  DISCUSSION 

Chairman  B.  B.  Bachman: — Mr.  Horine  has  touched 
upon  a  very  fertile  subject  for  discussion.  The  question 
of  highways  in  all  its  ramifications  is  one  of  the  most 
important  that  the  automotive  engineer  of  today  has  be- 
fore him.  It  is  not  a  problem  that  can  be  compressed 
within  narrow  limits,  and  it  has  an  uncanny  faculty  of  in- 
truding itself  in  the  most  unexpected  manner.  The  need 
of  the  Country  for  roads  is  unquestioned.    The  possibili- 


ties in  earning  power  of  completed  roads  adequate  for  the 
transportation  of  the  commodities  of  the  Country,  with- 
out infringing  in  any  way  upon  the  functions  of  the 
public-utility  companies,  are  enormous.  Whether  the 
figures  that  Mr.  Horine  has  given  are  correct  or  not, 
within  even  a  relatively  large  percentage,  appears  to  me 
to  be  comparatively  unimportant.  The  figures  are  tre- 
mendous; but  almost  any  figures  may  be  assigned  and 
still  not  touch  the  possibilities  or  describe  the  actualities. 

There  is  no  doubt  that  we  are  face  to  face  with  a  very 
practical  problem.  How  shall  we  finance  the  construction 
of  these  roads?  How  can  we  sell  this  idea  to  the  public? 
As  Mr.  Horine  has  indicated,  there  are  a  number  of 
serious  errors  crystallizing  in  the  public  mind.  I  am 
rather  fearful  that  we  of  the  automotive  industry,  as  a 
class,  have  been  somewhat  to  blame  for  these  erroneous 
beliefs.  I  am  somewhat  apprehensive  lest  the  possibili- 
ties of  commercial  advantage  may  have  blinded  us  to  the 
future.  This  is  not  only  true  in  reference  to  the  truck 
and  its  relation  to  the  public,  but  with  regard  to  traffic 
delays.  It  is  not  pleasant  to  drive  down  a  street  and  be 
in  one  of  the  20  or  30  vehicles  behind  a  trolley-car  that 
stops  at  a  crossing.  On  the  other  hand,  the  pedestrian 
has  as  much  right  on  a  highway  as  the  man  in  the  auto- 
mobile and,  in  most  cases,  he  is  considerably  at  a  disad- 
vantage. Congestion  and  delay  are  necessary  to  protect 
that  man's  rights.  They  are  an  economic  waste,  there  is 
no  question  about  that,  but  they  must  be  overcome  by 
constructive  criticism  and  reasonable  suggestion. 

The  paper  Mr.  Horine  has  given  presents  an  excellent 
point  of  view.  It  is  possible  that  there  are  some  who 
differ  from  his  opinions,  but  the  function  of  these  meet- 
ings is  to  bring  out  these  differences  and,  by  doing  so, 
to  attempt  to  formulate  a  policy  that  will  overcome  and 
correct  the  difficulties.  This  is  the  fundamental  reason 
for  our  meeting. 

R.  E.  Plimpton: — Mr.  Horine  has  really  discussed  the 
scientific  utilization  of  motor  transport,  rather  than  its 
economics.  He  says  as  much  in  the  statement  that  the 
subject  "involves  the  scientific  study  of  all  factors  relat- 
ing to  the  transportation  of  loads  over  roads."  I  make 
this  point  because  it  seems  to  me  that  the  term  economics 
had  better  be  used  in  its  generally  accepted  meaning,  as 
relating  to  the  financial  aspects  of  the  subject. 

The  use  of  the  term  efficiency  is  also  to  be  questioned. 
It  seems  to  refer  to  almost  any  of  the  divisions  under 
which  Mr.  Horine  considers  the  subject  of  motor  trans- 
portation. This  may  seem  to  be  mere  quibbling  about 
the  meaning  of  words,  but  that  this  is  not  true  is  shown 
by  Mr.  Horine's  definition  of  economic  efficiency  as  the 
"measure  of  net  benefit  derived  by  the  community  aris- 
ing from  the  operation  of  a  motor-transport  installation." 
It  would  seem  preferable,  particularly  in  a  discussion  be- 
fore a  body  of  engineers,  to  use  this  term  as  meaning 
the  ratio  of  the  total  cost  of  operating  a  motor-transport 
system  to  the  total  revenue  derived  from  it.  Then  we 
have  an  efficiency  or  ratio  measuring  performance,  based 
upon  economic  units  of  dollars  and  cents.  This  efficiency, 
as  thus  defined,  will  become  of  greater  importance  as  the 
art  develops.  The  cost  of  operation  will  be  known  more 
accurately,  and  a  comparison  can  be  made  even  if  it  is 
not  possible  to  calculate  actual  revenue,  by  using  the  in- 
come derived  from  motor-haulage  by  companies,  railroads 
or  other  organizations  making  a  business  of  furnishing 
transportation. 

The  same  objection  to  the  word  efficiency  applies  to  its 
use  in  other  parts  of  the  paper  but  not,  of  course,  when 
it  refers  to  a  definite  numerical  ratio,  as  in  Mr.  Horine's 
discussion  of  effective  operation  and  of  maintenance  effi- 


Vol.  X 


May,  L922 


No.  5 


ECONOMICS  <>F  motor  TRANSPORT 


123 


cieney,  better  called  effective  maintenance.  The  explana- 
tion of  the  latter,  however,  states  that  it  is  expressed  by 
a  single  factor,  the  percentage  of  working  days  the  truck 
is  actually  in  commission.  This  does  not  measure  com- 
pletely the  effectiveness  of  the  maintenance.  Why  not 
combine  two  factors,  the  percentage  as  proposed  by  Mr. 
Horine  and  one  measuring  the  effectiveness  of  fuel  con- 
sumption'.' The  latter  could  be  expressed  as  the  ratio  of 
fuel  actually  used  during  the  working  year  to  the  amount 
that  would  be  used  were  the  truck  always  in  the  best  op- 
erating condition. 

The  carrying  of  "live"  freight  has  not  been  considered 
in  the  paper,  although  such  service  is  one  of  the  most 
important  which  now  makes  use  of  automotive  equip- 
ment. It  has  been  well  said  that  passengers  are  only 
freight  that  is  self-sorting  and  self-handling.  The  motor- 
bus  of  the  present,  or  at  least  the  type  now  used  by  re- 
sponsible companies  in  regular  service,  is  built  ordinarily 
on  a  motor-truck  chassis;  consequently,  its  economics  and 
utilization  are  properly  to  be  considered  in  any  discus- 
sion of  motor  transport.  The  motorbus  of  the  future 
probably  will  be  a  special  type  of  truck,  with  provision 
for  higher  speed,  better  riding  qualities  and  lower  floor- 
level  than  the  vehicles  designed  for  freight  service. 
G.  A.  Green,  of  the  Fifth  Avenue  Coach  Co.,  said  in  his 
paper  on  Motorbus  Transportation'  that  the  motorbus 
should  be  a  development  of  the  passenger-car  chassis. 

A  vehicle  carrying  both  freight  and  passengers  is 
likely  to  be  in  demand  in  sparsely  settled  districts.  Table 
1  is  presented  to  show  how  far  this  movement  has  devel- 
oped in  California,  where  the  roads  and  climate  are  good 
and  the  communities  are  scattered  widely.  The  data  in 
the  table  are  based  upon  reports  from  773  companies  au- 
thorized to  do  business  in  California.' 

TABLE    1 — ANALYSIS   OF   BUS   OPERATION    IN    CALIFORNIA 


Passenger 

Freight 

Passenger  and   Freight 

Passenger  and  Express 

Freight  and  Express 

Passenger,  Express  and  Freight 

Freight,  Milk 

Freight,  Milk  by  Contract 

Parcel  Delivery  and   Passengers 

Freight,  by  Contract 

Special    Freight 

No  Data  Given 

Total 


Companies  Per  Cent 

425  55.0 

117  •    22.  S 

97  12.1 

11  1.4 

7  0.9 

6  0.9 

18  2.3 

1  0.1 

1  0.1 

6  0.9 

6  0.9 

18  2.3 


:::; 


100.0 


Summarized,  Table  1  shows  that  55  per  cent  of  these 
companies  are  carrying  passengers  and  14.8  per  cent  pas- 
sengers and  freight;  27.9  per  cent  carry  nothing  but 
freight.  This  is  not  the  place  to  discuss  the  subject  in 
detail,  but  it  may  be  said  that  the  motorbus  is  already 
setting  the  pace  for  the  scientific  utilization  of  motor 
transport.  There  are  several  reasons  for  this.  Motor- 
bus  operators  make  a  business  of  transportation  and  in 
many  States  they  are  required  to  submit  complete  and 
accurate  costs  of  operation.  Effective  operation  is  essen- 
tial if  they  are  to  conduct  their  business  at  even  a  fair 
profit. 

Mr.  Horine's  paper  forcefully  reveals  the  fact  that  we 
are  approaching  the  third  phase  of  the  automotive  indus- 
try. The  first  phase,  with  its  construction  problems,  and 
the  second  phase,  with  its  development  of  selling  methods 
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and  channels,  are  now  accompanied  by  a  third  phase  in 
which  the  problems  of  utilization  are  being  studied 
thoroughly. 

M.  C.  Horine: — Concerning  Mr.  Plimpton's  criticism 
of  the  term  "economic  efficiency,"  I  supposed  that  it  would 
be  understood  to  mean  the  economic  efficiencj  of  highway 
transport  and  not  interpreted  broadly.  Mr.  Plimpton  ob- 
jects to  that  term  as  being  broader  than  the  definition, 
and  proposes  that  we  should  confine  it  more  to  matters  of 
cost  and  income.  This  seems  to  me  to  narrow  it.  I 
thought  I  made  it  broad  enough  when  I  said  that  it  was 
a  measure  of  net  benefit  derived  by  the  community  aris- 
ing from  the  operation  of  motor  transport.  This  in- 
cludes not  only  cost,  but  many  other  broader  considera- 
tions. 

I  am  sorry  Mr.  Plimpton  and  I  do  not  define  efficiency 
alike.  I  have  called  it  the  "measure  of  net  benefit";  Mr. 
Plimpton  prefers:  "the  ratio  of  the  total  cost  of  operating 
a  motor-transport  installation  to  the  total  revenue  de- 
rived." Referring  to  the  chart  in  Fig.  3,  we  find  that 
what  Mr.  Plimpton  has  defined  is  vehicle  efficiency  and 
not  economic  efficiency.  In  either  case,  however,  Mr. 
Plimpton  and  I  evidently  agree  as  to  the  meaning  of  the 
word,  differing  only  in  its  definition,  since  the  ratio  of 
cost  to  income,  as  it  refers  to  efficiency  in  a  commercial 
sense,  like  the  ratio  of  input  to  output,  which  is  the  ac- 
cepted definition  of  mechanical  efficiency^  is  certainly  a 
measure  of  net  benefit.  Throughout  the  chart  in  Fig.  3 
I  have  confined  my  use  of  the  word  efficiency  to  items 
involving  ratios  between  income  and  outgo. 

Mr.  Plimpton  misquotes  the  chart  in  Fig.  3  when  he 
refers  to  "maintenance  efficiency,"  for  it  refers  to  this 
item  merely  as  "maintenance,"  although  it  might  be 
called  "effectiveness  of  maintenance."  It  is  not  an  ex- 
pression of  efficiency,  but  must  be  combined  with  "opera- 
tion" or  operating  effectiveness  and  "economy"  to  pro- 
duce "vehicle  efficiency."  I  confess  I  cannot  follow  Mr. 
Plimpton  in  his  proposal  for  an  additional  factor  under 
"maintenance"  concerning  gasoline  mileage.  Surely  ef- 
fective maintenance  produces  other  benefits  than  gaso- 
line economy;  if  the  latter  is  given  special  consideration, 
such  things  as  repairs,  depreciation,  tire  economy  and  the 
like  should  be  included  also.  That  is  the  reason  for  using 
the  factor  "economy."  Gasoline  mileage  is  purely  a  mat- 
ter of  economy  and,  because  the  effectiveness  of  mainte- 
nance reacts  upon  economy,  they  are  considered  as  co- 
ordinate factors  of  vehicle  efficiency.  Another  reason  is 
that,  since  maintenance  is  expensive,  this  expense  must 
be  justified  in  some  manner  other  than  low  cost  or  effec- 
tive operation,  because  the  cheapest  maintenance  would 
be  to  lay  the  truck  up  altogether,  occasioning  no  expense 
for  repairs,  overhaul  or  inspection.  The  effectiveness  of 
maintenance  is  therefore  measured  by  the  "active  fac- 
tor," or  ratio  of  days  in  commission  to  days  when  opera- 
tion is  possible. 

Motorbus  transportation  has  not  been  considered  in 
this  paper  because  I  felt  that  the  term  "transport"  re- 
fers more  to  freight  transportation  than  to  passenger 
traffic  and  because  Walter  Jackson  had  been  scheduled  to 
cover  the  subject  at  this  session  in  a  separate  paper  en- 
titled The  Past,  Present  and  Future  of  the  Motor- 
Omnibus. 

A  Member: — What  are  the  savings  that  might  be  ef- 
fected with  a  truck  over  a  good  road  as  compared  with  the 
cost  over  a  poor  road?  Consider  a  hard-surfaced  road  as 
compared  with  a  macadam  road  that  is  badly  cut  up. 

Mr.  Horine: — That  is  a  very  important  question.  It 
is  being  investigated  by  the  Massachusetts  Institute  of 
Technology.     It  is  also  under  consideration  by  the  Na- 
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tional  Research  Council.  Some  very  deep  studies  are  being 
made  along  that  line,  but  time  is  required  to  complete 
them.  They  are  not  yet  complete.  Various  figures  have 
been  obtained  on  the  resistance  to  traction  of  various 
types  of  pavement.  Different  authorities  give  a  very 
great  disparity  of  data  on  roads  of  the  same  description. 
That  is  the  condition  that  prevents  giving  a  categorical 
answer  to  the  question  at  present.  Undoubtedly,  the 
great  amount  of  research  that  is  being  done  now  along 
that  line  will  develop  some  very  definite  figures. 

A  Member: — Was  this  California  experiment  more  of 
a  road  test  than  a  mechanical  truck  test? 

Mr.  Horine: — The  California  test  was  entirely  a  test 
of  a  particular  type  of  concrete  road. 

A  Member: — It  seems  to  me  that  the  question  is  one 
of  relative  efficiency  of  tires  and  surface.  So  far  as  the 
smooth  surface  is  concerned,  a  hard  smooth  type  will  give 
the  most  efficient  service.  The  history  of  the  automobile 
industry,  so  far  as  passenger  service  is  concerned,  bears 
out  the  conclusion  that  a  pneumatic  tire  gives  the  most 
efficient  service.  It  gives  a  higher  speed  at  less  cost  than 
any  other  type  of  tire  ever  put  on  wheels.  So  far  as  the 
point  made  by  Mr.  Horine  is  concerned,  the  impact  of 
the  pneumatic  tire  is  much  the  same  as  that  of  the  solid 
tire.  It  seems  obvious  to  me  that,  where  a  cushion  is 
created  between  the  load  and  the  surface  over  which  it 
travels,  one  that  is  readily  receptive  of  inequalities  in 
the  surface,  this  is,  in  effect,  carrying  the  good  road 
along  with  the  vehicle,  as  has  been  argued  for  years  in 
the  pneumatic-tire  industry.  This  is  a  fact  and  has  been 
proved  in  thousands  of  instances  in  my  own  experience 
where,  under  what  we  call  the  rolling-resistance  test,  the 
same  vehicle  with  the  same  load,  when  moved  by  gravity 
only,  will  register  a  difference  in  the  amount  of  work 
performed  as  high  as  100  per  cent  over  other  types  of  tire. 
Pneumatic  tires  are  more  efficient  than  solid  tires.  A 
cord  tire  will  run  from  40  to  60  per  cent  more  efficiently 
in  a  purely  rolling  test  than  a  canvas  tire.  The  effi- 
ciency of  a  pneumatic  tire  is  dependent  upon  the  angle 
at  which  the  tension  members  are  laid  with  the  tire,  the 
air  pressure  that  carries  the  load  and  the  area  of  the 
tire  that  is  brought  into  contact  with  the  surface  of  the 
roads  over  which  it  travels. 

It  seems  to  me  that  urban  and  suburban  passenger 
traffic  ultimately  could  be  moved  on  air  just  as  well.  We 
are  only  at  the  beginning  of  pneumatic-tire  development. 
I  believe  firmly,  after  30  years  of  experience,  that  we 
will  be  able  to  carry  on  air  tires  not  only  the  maximum 
load  of  today,  about  5000  lb.  per  wheel,  but  10,000  lb.  per 
wheel;  and  at  a  pressure  not  to  exceed  50  to  60  lb.  per 
sq.  in.  In  fact,  the  limitation  lies  only  in  the  size  of  the 
wheel  that  the  automobile  companies  permit  us  to  make. 
Therefore,  I  think  my  experience  warrants  me  in  saying 
that  the  future  of  the  pneumatic  tire  for  heavy  duty  is 
but  beginning. 

W.  P.  Kennedy: — I  believe  that  sometimes  we  gain  an 
advantage  by  standing  off  and  looking  at  our  problems 
from  a  distance,  rather  than  from  our  close  position  when 
we  are  engrossed  with  the  details  and  are  not  able  to 
discern  all  the  possibilities  of  their  solution.  We  can 
then  assume  a  radical  viewpoint.  Mr.  Horine's  paper  is 
primarily  for  the  purpose  of  stimulating  education  in 
several  directions,  so  that  we  can  avoid  the  impediments 
or  incumbrances  that  are  likely  to  be  imposed  on  the  de- 
velopment of  the  automobile  truck.  There  is  evidently  a 
vast  need  for  education;  in  the  direction  of  legislation, 
in  the  direction  of  motor-vehicle  usage,  and  possibly  in 
the  direction  of  aiding  the  road-builders  in  solving  their 
problems. 


If  we  first  consider  the  motor  truck  and  ask  ourselves 
what  difference  will  exist  between  the  present  form  and 
the  future  form  in  25  years,  a  number  of  speculations 
arise.  I  agree  that,  in  time,  we  will  operate  motor  ve- 
hicles entirely  on  pneumatic  tires.  As  we  look  at  the 
truck  now,  there  are  two  things  that  are  fundamentally 
wrong  with  it;  one  is  the  mode  of  suspension  and  the 
other  is  the  tire  equipment,  with  reference  to  the  work 
that  must  be  performed  by  the  truck.  When  a  large  truck 
is  unloaded  and  operating  in  the  street  over  a  rough  sur- 
face, we  can  imagine  the  energy  that  is  being  lost  in 
raising  the  load  over  the  obstructions  of  the  street  sur- 
face. We  can  get  a  fair  vision  of  this  when  we  ride 
behind  a  city  taxicab  of  very  light  weight  and  notice  that 
when  the  body  is  loaded  it  will  remain  practically  in  a 
horizontal  plane  and  the  axles  will  rise  and  fall  with  the 
impact  of  the  road.  If  we  could  provide  for  motor  trucks 
to  function  in  that  way,  we  would  have  an  ideal  condition. 
That  condition  probably  can  be  approached  by  some  form 
of  progressive  spring  equipment  that  will  take  care  of 
light  as  well  as  heavy  loads.  In  a  5-ton  truck  operating 
empty,  one  might  as  well  have  cast-iron  blocks  in  place 
of  the  springs,  because  the  springs  do  not  function  at  all; 
but  if  the  truck  had  progressive  spring  equipment,  the 
body  would  remain  stationary  with  varying  loads. 

One  of  the  steps  that  I  think  might  be  taken  in  the  di- 
rection of  equipping  trucks  ultimately  with  complete 
pneumatic  equipment  is  to  apply  a  dual  equipment  of  a 
solid  tire  and  a  pneumatic  tire  side-by-side  that  would 
permit  the  solid  tire  to  function  when  the  pneumatic-tire 
load  is  exceeded.  Progressive  spring  equipment  could  be 
furnished  by  combinations  or  auxiliaries  that  will  be 
obvious  to  any  good  designer. 

Looking  again  at  our  present  procedure  in  the  design  of 
trucks,  is  it  not  reasonable  to  assume  that  there  is  con- 
siderable waste  at  present  in  that  so  many  companies  are 
building  such  varied  lines  of  machines?  Could  not  our 
present  transportation  requirements  be  fulfilled  ade- 
quately by  probably  three  sizes  of  motor  vehicle?  In  the 
first  size  I  would  include  those  up  to  1000-lb.  capacity. 
Let  the  builders  that  are  disposed  to  produce  this  line, 
largely  from  passenger-car  equipment,  construct  the 
varied  equipment  that  is  at  present  on  the  market.  The 
next  is  about  a  2-ton  size  that  would  perform  all  the  re- 
quirements that  are  necessary  in  cities.  Let  this  2-ton 
truck  have  an  overload  capacity  up  to  3  tons.  For  heavy 
work  provide  a  truck  that  would  nominally  have  a  5-ton 
capacity,  but  an  overload  capacity  up  to  6  or  7  tons  with 
the  necessary  spring  and  axle  modifications.  The  idea  I 
have  in  mind  is  that,  if  the  industry  were  concentrated 
upon  these  three  sizes,  great  economics  would  be  effected 
in  the  manufacture  of  parts,  in  the  production  of  the 
machines,  in  the  regulation  of  taxes  and  in  the  many 
other  things  that  so  complicate  the  question  now,  impos- 
ing as  they  do  much  waste  and  expense  of  which  pioneers 
in  the  use  of  motor  transportation  must  bear  the  burden. 
If  it  were  thus  possible  to  standardize  upon  the  two 
larger  sets  of  equipment,  one  in  the  2-ton  field  and  the 
other  in  the  5-ton  field,  and  to  allow  those  who  are  build- 
ing light  vehicles  to  include  passenger  chassis  or  any- 
thing else  that  they  are  disposed  to  use,  much  of  the 
waste  now  existing  in  manufacturing  tool  equipment, 
selling  effort  and  many  other  phases  of  the  proposition 
would  disappear. 

With  reference  to  educating  business  men  in  regard  to 
the  value  of  the  motor  truck,  this  frequently  is  difficult. 
The  city  users  of  the  motor  truck,  as  a  whole,  usually 
have  been  unaware  of  the  cost  of  operation  and,  often,  a 
user  does  not  want  to  know  or  be  worried  with  it.     In 
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i  cases  he  thinks  he  knows  what  his  expense  is  hut, 

when  told  that  it  costs  more  per  year  to  operate  a  given 

of  machine  than  the  truck  originally  tost  him,  he 

not  believe  it.    When  he  pays  $5,000  for  a  truck  and 

later  learns  that    it  costs  him  $6,000  per  year  to  run  it 

ami  that,  in  the  5-year  life  of  the  machine,  its  service 

-  him  $30,000,  he  something  wrong 

somewhere. 

.Mkthoiks  of  limn  Constki vtion 

It  was  pointed  out  in  the  previous  discussion  that,  if 
we  could  do  anything  to  aid  the  Society  in  the  gei 
development  of  the  industry,  it  would  be  welcome  and 
proper  for  us  to  offer  suggestions  along  that  line,  A 
thought  or  speculation  about  improved  methods  in  the 
building  of  roads  may  be  acceptable.  It  appears  to  me 
that  there  is  considerable  waste  in  the  manner  in  which 
roads  are  built  at  present.  First,  it  is  a  seasonable  under- 
taking and  there  is  only  a  limited  time  in  the  year  during 
which  work  can  be  done.  Roads  are  built  in  an  ancient 
and  crude  manner;  and,  in  so  far  as  the  handling  of  the 
material  is  concerned,  there  is  practically  no  modern, 
scientific  method  in  it. 

Why  would  it  not  be  possible  to  build  our  highways  in 
the  way  we  build  our  large  office-buildings  at  present? 
The  office  building  is  built  in  a  plant  that  has  the  tools 
and  facilities  for  making  the  parts  of  the  building  most 
efficiently.  Why  would  it  not  be  a  very  desirable  thing 
in  the  way  of  cost  reduction  to  indicate  to  road-builders 
that  at  least  the  surface  of  the  road  might  be  built  in  a 
plant  in  relatively  small  unit-sections  that  would  be  con- 
venient to  transport?  They  could  then  have  the  proper 
mass-production  equipment  for  doing  it,  they  could  work 
all  the  days  of  the  year  and  the  matter  would  resolve  it- 
self into  satisfactorily  producing  the  desired  type  of  sur- 
face material  and  transporting  the  finished  product  to 
the  point  of  application.  The  remainder  of  the  work 
would  consist  in  preparing  the  sub-surface  with  the  use 
of  modern  machinery.  Methods  akin  to  railroad  build- 
ing might  be  employed  with  obvious  improvements. 
Possibly  an  interlocking  unit-surface  could  be  supported 
as  a  bridge  from  side  supports  of  poured  concrete.  This 
may  appear  like  a  dream  but  I  venture  to  say  that  as  we 
progress  with  the  necessity  of  building  a  great  mileage  of 
the  proper  kind  of  roads,  some  such  methods  will  be  used. 
If  such  a  plan  were  in  existence,  it  would  be  possible  to 
design  a  road  scientifically  for  any  given  working  ca- 
pacity. Parts  could  be  tested  out  in  advance,  they  could 
be  made  to  different  specifications  and  the  surface  could 
be  transported  to  the  point  of  application  with  a  remark- 
able reduction  from  the  present  ridiculously  high  figures 
for  construction  that  are  often  questionable  and  some- 
times a  fraud. 

Chairman  Bach  man: — The  last  two  speakers  have 
presented  remarkable  discussions  dealing  with  phases  of 
the  situation  that  may  enable  us  to  look  at  our  problem 
a  little  differently. 

F.  W.  Perry: — Mr.  Kennedy's  remarks  are  rather  in- 
teresting. I  have  been  a  public  engineer  in  New  York 
City  for  25  years.  The  department  that  I  represent  has 
erected  bridges,  including  the  longest  span  of  bridge  in 
the  world  that  has  floors  and  takes  care  of  trucks;  it  has 
built  roadways  of  the  most  modern  type  and  it  has 
erected  the  New  York  City  Municipal  Building,  of  which 
I  was  the  engineer.  It  was  not  all  built  in  a  shop,  nor 
were  the  roads,  nor  was  the  bridge.  Those  parts  that 
must  be  fabricated  from  the  raw  material  are  built  in 
shops,  but  they  must  be  fabricated  in  sections  that  can 
be  handled  by  machinery,  transported  in  cars  or  boats, 


lifted  by  derricks  and  placed  and  assembled  by  men. 
There  is  nothing  visionary  about  that,  but  it  is  a  difficult 
job.  The  .Manhattan  Bridge  over  the  East  River  is  to- 
day the  heaviest  bridge  standing.  It  carries  a  congested 
load  of  61,000  lb.  per  linear  ft.  It  was  designed  to  the 
last  rivet  in  the  drafting-room  of  our  department,  was 
delivered  to  New  York  City  in  pieces  that  were  hauled 
up  from  the  barges  by  derricks  and  installed  in  their 
place.  That  span  is  something  like  1400  ft.  in  length. 
The  Municipal  Building  was  erected  on  a  site  that  in- 
cluded no  place  to  lay  down  a  thing,  not  even  a  bag  of 
cement.  It  is  right  in  front  of  City  Hall,  surrounded 
by  streets.  A  main  artery.  Chambers  Street,  was  to  run 
through  the  center  of  it.  That  building  was  erected  to 
a  height  of  40  stories.  Every  piece  had  to  come  from 
the  Battery,  up  Broadway,  and  was  lifted  directly  from 
the  truck  by  a  derrick  direct  to  the  place  where  it  will 
remain  until  the  building  comes  down. 

Ninety  per  cent  of  road  construction  lies  in  the  foun- 
dation and  the  drainage.  What  is  the  use  of  talking 
about  building  it  in  a  shop?    We  are  becoming  visionary. 

1  am  speaking  now  as  a  civil  engineer,  not  as  an  auto- 
motive engineer.  The  wearing  surface  of  a  road  is  re- 
newable and  that  can  be  made  in  a  shop;  wood  blocks, 
asphalt  blocks,  brick,  granite  blocks  and  concrete  slabs 
can  be  made  there,  but  not  in  any  size  of  section  that 
cannot  be  handled  on  a  one-man  basis.  Build  foundations 
and  you  build  roads.  Drain  them  after  you  build  them 
and  they  will  stay  there. 

France  has  been  metalling  roads  for  hundreds  of 
years.  They  run  in  straight  lines  for  hundreds  of  miles. 
When  the  Romans  came  across  the  Rhone  and  went  to 
Paris,  they  built  the  roads  as  straight  as  the  crow  flies. 
They  are  there  yet  with  the  old  names  on  them,  although 

2  or  3  ft.  deep  from  constant  repairs.  I  have  driven 
over  them  and,  being  interested  in  roads,  took  occasion 
to  examine  them.  They  are  very  steep-shouldered;  the 
water  is  carried  away  from  them  and  it  is  not  permitted 
to  get  on  the  bed  at  all  under  the  metal.  The  Roman 
roads  of  early  history  were  so  solid  that  the  Roman  horses 
had  feet  1  ft.  in  diameter,  there  being  no  resiliency  in 
the  road;  it  is  a  matter  of  record.  So,  do  not  waste  any 
time  in  building  roads  in  shop-. 

One  trouble  with  the  road  foundation  bed  is  character- 
istic; it  is  becoming  too  thin.  Commonly,  in  New  York 
City,  6  in.  of  concrete  is  the  customary  foundation  bed. 
A  subway  company  may  dig  and  back-fill  improperly;  a 
new  roadbed  will  be  made,  the  foundation  structure  and 
the  smooth  wearing  surface  will  be  erected  on  that  and 
soon  cracks  develop  because  the  structure  is  weak.  The 
force  of  the  Society's  influence  ought  to  be  toward  proper 
foundations  for  wearing  surfaces. 

A.  F.  Knobloch  :— In  regard  to  the  thickness  of  the 
road  foundation,  I  do  not  know  whether  Mr.  Perry  has 
any  definite  thickness  in  mind  but  the  Society  might  well 
frame  a  recommendation  and  submit  it  to  the  Federal 
authorities,  in  view  of  the  fact  that  they  are  now  laying 
their  plans  for  building  a  system  of  National  highways. 
Mr.  Perry  mentioned  6  in.  as  being  the  customary  thick- 
ness of  a  roadbed  or  foundation.  Perhaps  he  has  a  dif- 
ferent recommendation.  This  would  be  an  opportunity 
to  place  the  force  of  the  Society's  influence  back  of  the 
engineering  interests  in  the  Federal  Roads  Board. 

Weight  Limitation  on  Roads 

A  Member:— I  think  the  Society  ought  to  initiate 
action  in  regard  to  weight  limitation  on  the  roads.  Wis- 
consin recently  has  passed  a  law  limiting  truck  units  to 
31/*  tons.    Florida  has  done  the  same  thing,  and  this  sort 
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of  legislation  is  spreading  all  over  the  Country.  The 
7%-ton  unit  is  a  very  small  part  of  the  total  number.  It 
seems  to  me  that  if  we  want  to  engineer,  make  and  sell 
trucks,  we  must  conform  to  public  sentiment.  If  we  do 
not  conform  to  it,  there  will  be  weight-limitation  legis- 
lation all  over  the  United  States  very  soon.  The  thing 
to  do  is  to  work  out  some  sort  of  a  motor-vehicle  unit 
that  will  comply  with  the  requirements  and  conform  to 
public  sentiment  at  the  same  time. 

Mr.  Horine: — As  I  interpret  the  preceding  remarks 
on  weight  limitation,  they  propose  that  we  cease  produc- 
ing heavy  trucks  because  the  public  is  opposed  to  their 
use  on  the  highways.  Motor-truck  builders  have  never 
forced  heavy-capacity  trucks  on  the  public,  but  have  built 
them  in  response  to  the  demand.  If  nobody  wanted  heavy 
trucks,  no  company  would  build  them,  particularly  since 
it  could  sell  two  or  more  trucks  of  small  capacity  to  the 
man  who  now  buys  a  heavy  truck.  I  would  also  point 
out  that  the  enactments  of  the  legislatures  of  such  states 
as  Wisconsin  and  Florida  affect  only  country  roads  where 
the  larger  motor  trucks  very  seldom  run.  The  demand 
for  heavy  trucks  is  in  the  cities. 

Even  if  we  grant  that  the  legislatures  truly  represent 
public  sentiment  on  the  matter  of  truck  sizes,  and  that 
the  general  public  does  prefer  to  have  its  goods  trans- 
ported at  higher  costs  by  smaller  vehicles,  I  fail  to  see 
how  we  are  to  work  out  a  unit  that  will  "comply  with  the 
requirements,"  which  are  for  low-cost  transportation,  and 
"conform  to  public  sentiment  at  the  same  time."  If  the 
public  demands  economical  transport  and  small-capacity 
vehicles  at  the  same  time,  the  public  must  be  educated 
to  see  the  fallacy  of  its  demands. 

J.  F.  Winchester: — A  point  brought  out  by  Mr. 
Horine  is  that  the  7V2-ton  truck  gradually  will  disappear. 
He  mentions  that  there  is  only  a  limited  number  of  thesei 
trucks  in  the  Country.  It  is  a  well  known  fact  that  the 
majority  are  used  in  and  around  the  Eastern-coast  dis- 
trict of  the  United  States.  After  watching  these  and 
other  trucks  operate,  there  is  no  doubt  in  my  mind  that 
in  the  last  8  or  10  years  they  have  done  a  large  amount 
of  damage  to  the  highways.  Not  only  has  the  TVo-ton 
truck  done  damage,  but  this  is  true  also  of  the  smaller 
units.  This  is  brought  about  because,  in  many  instances, 
the  trucks  themselves  have  been  under-tired  for  their 
rated  capacity. 

The  engineer  designs  a  truck  for  a  given  load,  such 
as  1  or  2  tons.  Then  he  tells  the  salesmen  the  truck  can 
carry  2^2  or  3  tons.  The  salesmen  tell  their  prospective 
customers  that  the  truck  is  capable  of  carrying  4  to  5 
tons.  The  truck  builders  and  large  operators  of  motor 
vehicles  are  reaping  the  results  of  that  kind  of  engineer- 
ing and  sales  work  in  the  restrictive  legislation  that  is 
being  put  into  force  today.  It  has  been  stated  that  there 
should  be  a  load  of  800  lb.  per  in.  of  tire  width.  That  is 
a  definite  recommendation  and,  if  the  Society  works 
along  these  lines,  a  great  amount  of  good  will  be  accom- 
plished. 

Pneumatic  Tires 

We  are  apt  to  think  that  good  roads  exist  and  that 
larire-size  motor-vehicles  operate  all  over  the  Country. 
This  is  not  true.  In  Maryland  and  in  many  other  States 
there  are  practically  no  large  units  such  as  Mr.  Horine 
mentioned.  The  tax  in  some  of  these  localities  is  $500 
per  truck  for  trucks  of  more  than  5  tons,  which  prac- 
tically precludes  their  use.  Good  roads  are  being  built 
in  some  of  the  Southern  and  Western  States.  In  some 
of  these  States  the  laws  do  not  prohibit  the  use  of  trucks 
up  to  7%-ton  capacity.     We  should  profit  by  the  mis- 


takes that  have  been  made  in  more  progressive  States, 
for,  if  the  same  kind  of  sales  work  continues  and  is  per- 
mitted in  other  States  where  good  roads  are  being  built, 
we  will^have  the  same  kind  of  restrictive  legislation  that 
is  being  put  into  force  in  New  York,  New  Jersey  and 
other  Eastern  states. 

The  argument  has  been  presented  that  the  ultimate 
solution  of  motor-truck  operation  and  good  roads  lies  in 
the  pneumatic  tire.  It  has  been  stated  that  this  is  an 
economical  piece  of  equipment.  If  compared  with  a  solid 
tire,  this  may  be  true  only  from  a  standpoint  of  road 
resistance  or  wear.  My  experience  leads  me  to  believe 
that  the  pneumatic  tire,  particularly  in  large  sizes  for 
truck  work,  is  not  an  economical  unit  in  the  majority  of 
instances  and,  unless  it  is  developed  more  in  the  next  5 
years  than  it  has  been  in  the  last  5  years,  pneumatic 
tires  will  gradually  disappear  from  this  type  of  work. 
Their  cost  is  prohibitive  for  inter-city  hauling  or  heavy 
work  on  trucks  of  21^-ton  capacity  and  upward. 

The  ultimate  solution  of  this  problem  will  lie  in  the 
development  of  a  cushion  tire,  some  of  which  are  now 
being  manufactured  under  the  name  of  semi-pneumatic. 
The  sooner  the  truck  builder  starts  to  counteract  the 
propaganda  of  the  pneumatic-tire  manufacturers,  the 
better  off  he  will  be,  as  a  great  amount  of  trouble,  which 
is  handicapping  the  sale  of  trucks  because  pneumatic 
tires  have  been  applied,  is  being  experienced  all  over  the 
Country. 

The  continued  use  of  the  larger  units  is  largely  a 
question  of  education.  Uniform  motor-vehicle  laws  have 
been  proposed.  They  have  failed  in  many  instances  be- 
cause the  proposed  laws  were  supported  by  parties  who 
did  not  take  into  consideration  the  States'  or  the  tax- 
payers' interests.  The  result  has  been  that  the  propa- 
ganda put  forth  by  the  uniform  vehicle-law  association 
is  largely  being  discounted  by  the  various  motor-vehicle 
commissioners,  who  make  recommendations  to  the  State 
legislatures. 

The  Society  should  have  more  constructive  papers  of 
this  type.  It  needs  to  impress  upon  the  law  makers  that 
it  is  promoting  engineering  science  and  accumulating 
data  which  will  be  of  value  to  both  sides  of  the  con- 
troversy. It  may  be  thought  by  some  that  this  paper 
represents  the  views  of  one  or  two  large  truck  companies 
which  produce  units  of  5  and  7V:>-ton  capacity.  There 
is  no  question,  if  careful  consideration  is  given  to  all  the 
data,  many  arguments  are  presented  which  should  be  of 
value  in  solving  the  problems  of  traffic  congestion  and 
road  up-keep  that  daily  are  becoming  of  greater  im- 
portance. 

A.  J.  Scaife: — I  take  issue  with  Mr.  Winchester  when 
he  says  the  engineer  is  passing  out  exaggerated  infor- 
mation to  the  salesman.  I  think  he  will  find  that  the 
salesman,  by  constantly  coming  forward  and  saying,  in 
effect,  "Our  competitors  are  carrying  2000  or  5000  lb. 
and  we  must  raise  the  weight  limitations,"  is  trying  to 
get  the  engineer  to  commit  himself. 

Mr.  Horine: — I  think  Mr.  Winchester  misunderstood 
my  remarks  about  the  number  of  TV^-ton  trucks  in  com- 
parison with  those  of  other  capacities.  I  did  not  predict 
their  gradual  disappearance,  for  I  am  confident  that  as 
we  learn  more  about  the  economics  of  motor  transport  we 
will  know  more  about  the  economy  of  hauling  in  large 
units,  as  the  railroad,  the  steamship  and  the  rapid- 
transit  companies  have  gained  more  information;  that 
the  extra  cost  of  building  really  durable,  strong  roads 
will  be  repaid  many  times  by  the  lower  highway-transport 
costs  effected  through  the  use  of  the  most  economical 
units.     Trucks  of  T^-ton  capacity  are  not  confined  to 
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the  Eastern  parts  of  the  Country,  luit  are  very  popular 
in  the  Middle  Weal  and  even  oi    'in-  Pacific  Coast. 

Mr.  Winchester  stated  that  trucks  had  damaged  the 
roads.  That  is  correct.  Trucks  do  damage  the  roads. 
That  is  what  the  road  is  for.  to  be  worn-out.  If  traffic 
does  not  wear  them  out.  wo  will  not  build  them.  In  the 
same  way  we  might  argue  that  tires  should  not  be  put 
on  trucks,  because  they  wear  out.  The  conclusion  gen- 
erally drawn  is  that,  because  trucks  injure  roads,  the 
heavier  trucks,  necessarily,  do  more  damage.  I  repeat 
that  the  damage  to  the  road  is  not  in  proportion  to  the 
capacity  of  the  vehicle,  and  that  possibly  the  damage  done 
is  due  to  overloading  the  truck  or  other  improper  oper- 
ations. One  form  of  improper  operation  is  the  practice 
of  wearing  tires  too  thin.  It  is  well  known  that  if  a  tire 
wears  down  to  1  in.  of  rubber,  it  might  as  well  be  a  steel 
tire. 

It  is  true  that  if  this  damage  to  the  roads  continues 
we  will  have  more  restrictive  legislation.  We  can  expeel 
it  and  even  welcome  it,  provided  the  restriction  is  against 
the  real  damager  of  the  road  and  not  merely  an  unscien- 
tific restriction  in  load  capacity. 

With  regard  to  the  pneumatic  tire,  I  quoted  from  A.  G. 
Cowans,  who  made  the  tests  in  California;  the  statements 
are  the  results  of  his  tests.  Unquestionably,  the  pneu- 
matic tire  has  a  large  field.  We  do  not  know  its  exact 
limitations,  and  I  shall  not  attempt  to  define  them. 

Mr.  Winchester: — The  roads  are  put  down  to  be 
worn-out,  but  we  must  design  the  trucks  and  put  tires 
of  suitable  size  on  them  so  there  will  be  ample  protection. 
We  are  apt  to  feel  that  it  is  a  matter  of  road  building, 
material  and  the  like.  The  taxpayer  feels  that  it  is  a 
combination  of  conditions.  When  the  taxpayer  sees  a 
5' L.  or  7'. -ton  truck  that  is  greatly  overloaded,  occupies 
more  than  its  share  of  the  road,  runs  at  an  excessive  rate 
of  speed  and  sometimes  causes  damage  through  accidents 
to  culverts  and  traveling  roads  that  never  were  designed 
to  carry  this  type  of  vehicle,  a  feeling  of  antagonism 
toward  the  vehicle  is  created. 

Drivers  and  Mechanics 

H.  M.  Rugg:— In  reading  Mr.  Horine's  paper  I  have 
been  particularly  interested  in  connection  with  the  train- 
ing of  personnel.  A  study  of  the  chart  in  Fig.  4  of  this 
naper  will  show  that  to  approximate  the  desired  efficiency 
to  any  degree,  the  matter  of  trained  personnel  is  in- 
volved in  nearly  all  items,  in  the  design  or  operation  of 
the  vehicle  and  in  the  construction  and  maintenance  of 
the  highway.  In  all  discussion  of  service  or  maintenance 
or  automotive  vehicles  this  subject  is  generally  acknowl- 
edged to  be  of  importance,  yet  it  seems  to  be  avoided. 
The  most  flagrant  disregard  is  in  connection  with  the 
operators  of  the  vehicles  and  the  mechanics  who  keep  the 
vehicles  in  repair.  A  trained  and  skilful  truck  operator 
can  help  to  maintain  highway  as  well  as  vehicle  effi- 
ciency, and  the  trained  mechanic  is  certainly  essential 
to  high  maintenance-efficiency. 

One  item  that  might  be  added  to  the  moving  factor, 
under  the  heading  of  Vehicle  Efficiency,  is  breakdown 
delays.  This  would  cover  delays  on  the  road  while  the 
truck  is  in  commission.  The  properly  trained  operator 
should  be  capable  of  making  such  temporary  repairs  as 
would  enable  him  to  reach  his  destination  and  possibly 
return  to  his  own  garage  or  repair-shop.  This  is  similar 
to  the  requirements  of  the  railroads.  A  locomotive 
engineer  usually  spends  several  years  in  learning  to 
handle  the  machine  and  proving  that  he  is  reliable  before 
he  is  permitted  to  assume  the  responsibility  of  operating 
it.     Among  the  locomotive  engineers  it  is  considered  al- 


most a  disgrace  to  be  "towed-in  cold,"  except  under 
extraordinary  conditions.  However,  in  numerous  cases 
we  find  trucks  costing  several  thousand  dollars  that  are 
operated  by  men  who  know  little  more  than  how  to  handle 
the  steering-wheel  and  manipulate  the  pedals.'  Such  a 
road-delay  item  also  would  emphasize  the  importance  of 
properly  trained  men  for  the  systematic  inspection  of 
vehicles,  as  well  as  for  repair  and  overhauling,  so  that 
the  possibility  of  such  delays  can  be  minimized. 

I  have  been  working  for  the  last  8  years  on  the  prob- 
lems of  training  personnel:  It  is  amazing  to  note  the 
small  consideration  given  to  this  subject  by  the  manu- 
facturers and  by  engineering  bodies.  They  should  be  the 
ones  most  interested  and  should  even  determine  the 
standards  for  conducting  such  training. 

To  keep  in  repair  the  10,000,000  motor  vehicles  now 
registered  in  this  Country,  there  should  be  at  least  350,- 
000  to  400,000  skilled  mechanics.  I  have  been  criticized 
by  manufacturers  and  dealers  as  being  too  conservative 
in  the  method  of  arriving  at  this  figure.  Present  statis- 
tics show  that  there  are  approximately  45,000  automotive 
repair-shops  in  the  United  States,  which  employ  about 
225,000  mechanics.  About  30  per  cent  are  considered 
competent  workmen,  and  a  much  smaller  percentage  than 
this  have  a  knowledge  of  the  fundamental  principles  of 
automobile  design  and  construction.  Thus,  we  have  not 
over  50,000  men  properly  equipped  to  do  the  work  for 
which  more  than  350,000  are  required.  It  is  not  unusual 
for  a  man  who  has  been  washing  cars  or  employed  as  a 
helper  in  one  garage  to  work  as  an  expert  mechanic  in 
another.  If  to  this  350,000  men  at  least  an  equal  number 
of  trained  men  for  properly  operating  trucks,  more  espe- 
cially the  larger  ones,  are  added,  the  size  of  the  educa- 
tional problems  can  better  be  comprehended. 

There  are  no  standards  for  planning  an  educational 
program  or  by  which  the  proficiency  of  a  mechanic  can  be 
judged.  This  has  been  detrimental  to  the  real  school  and 
unfair  to  its  students,  and  permitted  many  schools  to 
spring  up  that  have  practically  no  educational  value  but 
give  the  students  the  idea  that  they  can  become  expert 
mechanics  after  a  few  weeks  of  attendance.  Those  in  the 
engineering  profession  know  that  "experts"  are  not  made 
in  6  weeks,  2  months  or  even  2  years.  Continuous  appli- 
cation of  the  knowledge  acquired  is  necessary  before  a 
man  approximates  expertness. 

Standards  must  be  established  so  that  this  educational 
work  can  be  properly  controlled  and  conducted.  At 
present  the  schools  are  between  two  fires,  so  to  speak. 
They  know  that  a  relatively  long  time  is  required  to  give 
the  proper  training  but,  on  the  other  hand,  they  attempt 
to  meet  the  demands  of  those  applying  to  receive  it  in  the 
shortest  possible  time.  Standards,  backed  by  every  de- 
partment of  the  automotive  industry,  are  the  only  means 
of  solving  our  present  educational  problems.  They  will 
also  help  to  lay  the  foundations  of  satisfactory  service 
by  supplying  competent  mechanics.  If  we  accept  the 
statement  made  by  Norval  Hawkins,  of  the  General 
Motors  Corporation,  Detroit,  that  "Keeping  the  old  cars 
running  is  more  important  than  getting  the  new  cars 
sold,"  we  must  admit  the  necessity  of  properly  trained 
personnel. 

Mr.  Horine: — Mr.  Rugg  refers  to  the  outline  given  in 
Fig.  4  in  connection  with  the  moving  factor.  He  feels 
that  breakdowns  on  the  road  should  be  made  an  element 
of  the  moving  factor.  The  moving  factor  comprises  only 
the  amount  of  time  spent  in  moving  and  in  standing  while 
in  commission.  All  standing  time,  or  inactivity  while  the 
vehicle  is  out  of  commission,  is  included  under  the  active 
factor. 
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F.  W.  Davis: — Some  of  the  important  matters  that  are 
before  the  truck  industry  and  also  before  the  truck  user 
have  been  discussed,  but  I  think  enough  emphasis  has  not 
been  placed  on  two  items  that  seriously  menace  the  in- 
dustry at  present,  restrictive  legislation  and  the  abuse 
of  highways. 

Mr.  Horine  has  pointed  out  that  we  are  in  need  of  a 
clearer  understanding  of  the  economic  relation  between 
the  vehicle  and  the  highway,  but  we  are  face  to  face  to- 
day with  the  fact  that  there  is  in  process  of  formation  a 
great  amount  of  legislation  that  will  react  very  strongly 
and  definitely  on  the  development  of  the  motor  truck  and 
its  application  within  the  next  few  years.  I  was  told 
several  months  ago  that  sentiment  existed  around  Boston 
against  the  use  of  heavy  trucks  because  great  damage 
had  been  done  to  some  of  the  well  known  highways  by  the 
operation  of  heavily  overloaded  trucks  at  certain  seasons 
of  the  year  when  these  roads  were  ill  suited  to  withstand 
such  loads.  This  sentiment  is  spreading  rapidly  and 
there  seems  to  be  a  feeling  today  in  the  various  legis- 
lative bodies  that  not  only  must  the  road  be  protected 
against  this  abuse,  but  that  the  roads  must  be  classified 
according  to  their  carrying  capacity,  with  certain  sea- 
sonal restrictions  added. 

The  State  of  Connecticut  recently  has  enacted  a  law 
that  prohibits  the  carrying  of  a  load  in  excess  of  the 
rated  capacity  of  the  vehicle,  as  registered  at  the  State 
Capitol.  It  limits  the  gross  load  that  can  be  carried  to 
a  specified  figure.  The  first  reaction  that  the  motor-truck 
companies  had  to  this  law  was  a  very  bitter  opposition, 
a  feeling  that  an  unduly  severe  measure  not  in  accord 
with  the  fundamental  principles  of  economic  transporta- 
tion of  materials  over  the  highways  had  been  passed.  But, 
in  considering  the  subject  further,  the  manufacturers 
began  to  realize  that,  instead  of  being  pernicious  and 
restricting  them  in  a  way  that  was  unfair,  this  law  really 
offers  the  salvation  to  the  motor-truck  industry  that  it 
has  been  seeking  for  a  long  time.  It  limits  the  maximum 
load  carried.  It  means  that  the  violator  of  the  law  will 
be  fined. 

It  is  not  possible  to  build  roads  throughout  the  Coun- 
try with  adequate  foundations  and  sub-grades  to  carry 
enormous  loads.  Some  limit  must  be  put  upon  the  ca- 
pacities and  the  roads  must  be  rated  according  to  the 
means  at  the  disposal  of  the  road-builders.  Statistics 
show  that  the  truck  exceeding  5%  to  7-tons  in  capacity 
is  very  much  in  the  minority,  possibly  less  than  %  of  1 
per  cent  of  all  motor  trucks  on  the  highway.  Fairness 
to  the  road  users,  who  constitute  the  entire  public,  would 
put  a  sane  limit  on  the  vehicles  which  operate  on  the 
highways.  The  limitation  of  load  per  inch  width  of  tire 
seems  to  be  a  very  workable  figure.  Whether  this  is  the 
ideal  is  entirely  another  question.  It  is  determined 
easily  and  has  many  practical  advantages. 

The  matter  of  axle  loads,  which  are  in  a  sense  the 
overall  weight  of  the  vehicle,  is  another  factor  that  can 
be  determined  easily.  If  the  other  States  will  follow  the 
precedent  set  by  Connecticut,  a  way  will  be  opened  for 
the  truck  companies  to  lighten  their  units  and  make  them 
more  economical  in  fuel  and  operating  expense.  It  will 
also  offer  the  real  means  whereby  the  so-called  economy 
of  operation  can  be  increased.  The  example  of  Connecti- 
cut has  been  followed  in  almost  identical  form  by  New 
Jersey,  and  it  is  reported  that  the  legislatures  of  New 
York,  Massachusetts  and  some  12  other  States  are  con- 
sidering similar  legislation. 

I  do  not  recognize  the  capacity  of  the  vehicle  as  indi- 
cating  the   economy   of   operation.     This  is   entirely   a 
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matter  of  the  loads  the  vehicle  is  able  to  secure  and  carry 
throughout  its  working  day.  I  think  no  one  doubts  the 
essential  utility  of  the  motor  truck  on  the  highway,  but 
it  certainly  is  time  for  the  industry  to  exert  itself  in 
every  way  possible  to  guide  legislation  along  desirable 
lines  and  prevent  such  unfortunate  legislation  as  has 
been  enacted  in  certain  States.  If  the  automotive  indus- 
try will  line  up  against  excessive  wheel  weights  of 
vehicles  that  mean  the  breaking-down  of  roads  and  secure 
the  classification  of  highways  and  seasonal  restrictions,  I 
think  public  sentiment,  instead  of  being  against  the  truck 
that  on  one  trip  may  destroy  $300,000  worth  of  high- 
ways, will  swing  to  the  other  extreme.  Then  we  will  not 
be  forced  to  face  the  opposition  that  exists  at  present. 

Mr.  Horine: — Concerning  the  assumption  of  Mr. 
Davis  that  heavy  trucks  are  responsible  for  the  legal 
limitation  of  weight,  I  refer  him  to  the  results  of  the 
test  highway  at  Pittsburg,  Cal.,  and  also  to  the  results 
of  the  tests  on  impact3  made  by  A.  T.  Goldbeck.  These 
references  ought  to  convince  him  that  the  impact  de- 
livered by  a  motor  truck  is  not  measured  by  its  total 
weight,  that  weight  is  not  the  most  important  factor  and 
that  impact  is  not  the  most  important  factor.  Mr.  Davis 
is  correct  in  stating  that  large  trucks  are  in  the  minority. 
He  intimated  that  it  would  not  be  detrimental  to  legislate 
them  off  the  road.  Proceeding  on  that  basis,  we  would 
violate  the  fundamentals  of  American  justice,  particu- 
larly if  we  arraign  this  heavy  vehicle  and  decide  to  elimi- 
nate it  on  a  presumption  that  is  not  borne  out  by  scien- 
tific evidence. 

Mr.  Davis  also  proposes  to  classify  roads  according  to 
their  capacity.  In  general,  I  believe  that  would  be  an 
excellent  thing.  No  one  will  gain  if  the  public  builds  a 
light  road  and  a  type  of  vehicle  destructive  to  it  is  allowed 
to  run  on  it.  But  if  a  State  classifies  its  roads,  specify- 
ing one  road  for  pneumatic-tired  trucks  and  assigning 
another  to  solid-tired  trucks,  and  provides  that  on  one 
road  the  speed  limit  shall  be  9  m.p.h.  and  on  another  15 
m.p.h.,  the  procedure  must  be  not  on  a  basis  of  the  pres- 
ent condition  of  the  roads  but  of  the  requirements  of 
traffic.  On  a  back-country  road  used  by  farmers,  it  would 
not  be  a  hardship  to  restrict  operation  to  light  vehicles 
with  pneumatic  tires,  because  heavy  vehicles  would  not 
have  occasion  to  use  that  road;  but  on  a  portion  of  a 
main-traveled  route  that,  because  of  improper  construc- 
tion, is  incapable  of  supporting  the  type  of  traffic  that 
would  naturally  flow  over  it  such  restriction  would  be 
wrong.  The  restriction  should  be  placed  on  the  highway 
engineer.  The  fate  of  a  motor  vehicle  should  not  be 
narrowed  down  merely  to  the  welfare  of  the  roads.  The 
truck  should  stand  or  fall  on  its  economic  efficiency.  If 
the  truck  is  advantageous  to  the  community  as  a  whole, 
it  is  advantageous  for  the  community  to  provide  a  road 
for  that  truck;  and  it  is  not  economic  or  efficient  to  re- 
strict traffic  on  that  road  to  the  type  of  truck  for  which 
the  road  happens  to  be  adapted.  It  is  not  economic  or 
efficient  to  restrict  traffic  on  that  road  to  a  type  of  vehicle 
that  will  raise  hauling  costs  above  what  they  should  be. 

Mr.  Davis  made  a  good  point  in  saying  that  the 
economy  of  a  truck  is  not  measured  by  its  capacity.  The 
proper  capacity  of  truck  for  the  greatest  economy  is  the 
size  that  most  nearly  meets  the  requirements  of  hauling. 
I  hope  we  will  not  underestimate  the  need  for  heavy 
vehicles.  A  large  tonnage  is  being  hauled  at  present  on 
lighter  trucks  than  should  be  used.  This  is  due  to  legis- 
lative restrictions,  to  hesitancy  on  the  part  of  purchasers 
to  invest  sufficient  money  in  a  vehicle  of  the  size  they 
should  have  and  to  a  misunderstanding  of  the  funda- 
mentals of  operating  economy. 
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Mk.  Winchester:     Mr.  Davis  makes  the  point  that, 

lUSe  of  restrictive  legislation,  it  would  be  just  as 
well  to  eliminate  the  designing  of  trucks  of  more  than 
5-ton  capacity.  It  surprises  me  that  a  spirit  of  this  kind 
should  be  in  evidence  when  scientific  data,  such  as  are 
presented  in  Mr.  Horine's  paper,  show  thai  the  operation 
of  large  units,  which  are  necessary  in  city  transporta- 
tion, tends  to  cut  down  the  wear-and-tear  on  the  road- 
bed itself.  In  many  instances  the  large  unit  never  gets 
out  to  the  State  highway. 

Mr.  Horine: — Mr.  Kennedy  suggests  that  sometimes 
we  get  a  little  too  close  to  our  subject.  The  purpose  of 
this  paper  is  to  persuade  the  automotive  industry  to 
overcome    its    near-sightedness.      We    would    recommend 


the  same  process  to  the  highway  engineer.  We  must,  as 
Mr.  Kennedj  says,  ^et  off  to  a  greater  distance.  The 
fundamental  purpose  of  the  paper  is  not  propaganda;  it 
is  a  plea  for  more  economic  thought. 

Mr.  Kennedy's  suggested  line  of  1 '  -,  2  to  3  and  5  to  7- 
ton  truck-capacities  is  really  what  we  have  today,  because 
the  capacity  of  the  truck  is  not  respected  as  it  should  be. 
The  result  is  that  every  company  is  obliged  to  build  its 
trucks,  its  springs  and  its  engine  with  such  factors  of 
safety  thai  the  trucks  can  handle  severe  overloads;  at 
the  same  time  it  is  necessary  to  build  vehicles  having 
sufficient  mechanical  efficiency  to  handle  economically 
loads  that  are  somewhat  less  than  the  rated  full  capacity 
of  the  truck. 
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tional  Automobile  Chamber  of  Commerce  has  signified 
its  willingness  to  support  this  investigation  financially 
and  by  contributing  personnel  and  equipment;  some 
minor  points  in  the  connection  remain  to  be  settled.  The 
American  Petroleum  Institute  called  a  number  of  oil 
engineers  together  at  a  conference  on  April  26  to  discuss 
the  plans  that  had  been  formulated  for  the  joint  fuel- 
research. 

After  some  preliminary  tests  were  run  at  the  Bureau 
of  Standards  showing  the  possibilities  of  securing  reli- 
able results  through  the  comparison  of  different  fuels  in 
cars  driven  in  normal  service  by  average  drivers,  a  sup- 
plementary program  was  drawn  up  and  visits  were  made 
to  a  number  of  companies  building  passenger  cars  in  the 
largest  number,  with  the  result  that  about  eight  different 
companies  are  running  road-service  tests  to  determine 
the  effect  of  fuel  volatility  on  fuel-consumption. 

The  selection  of  fuels  for  test  purposes  presented  some 
rather  complicated  questions,  as  to  the  number  of  fuels 
to  be  used,  the  range  of  volatility  to  be  covered,  the  limi- 
tations to  be  imposed  as  to  chemical  composition  and  as 
to  refining  methods.  These  questions  have  involved 
numerous  conferences  and  visits  to  refineries  which  have 
resulted  in  the  selection  of  four  experimental  fuels  rang- 
ing in  volatility  from  approximately  aviation  gasoline  to 
a  fuel  about  as  bad  as  commercial  gasoline  ever  gets. 

The  success  of  the  automotive  industry  in  using  the 
fuels  furnished  by  the  petroleum  industry  has  thus  far 
been  reasonably  satisfactory,  but  the  future  holds  prob- 
lems more  acute  than  those  of  the  past.  The  petroleum 
refiners  have  been  devising  means  for  making  more  and 
more  gasoline  without  undue  increase  in  the  end-point, 
and  the  automotive  engineers  have  in  turn  been  endeavor- 
ing to  design  engines  that  will  utilize  better  the  heavier 
fuels  that  the  refiners  have  predicted ;  a  process  that 
might  have  been  endless  had  its  seriousness  not  been 
realized  a  little  over  a  year  ago. 

At  that  time  the  joint  obligation  of  the  two  industries 
was  recognized  in  the  undertaking  of  a  joint  fuel- 
research  program  that  has  been  planned  to  deal,  not 
with  remote  possibilities  of  a  radical  change  in  engine 
design  or  in  fuels,  but  with  a  single  definite  problem 
affecting  engines  and  fuels  as  they  exist   today.     This 


program  calls  for  an  answer  to  the  question,  What  Are 
the  Relations  between  Fuel  Volatility,  Fuel-Consumption 
of  the  Average  Vehicle,  and  Fuel  Produced  per  Barrel 
of  Average  Crude? 

A  barrel  of  crude  oil  will  produce  more  or  less  gaso- 
line, depending  upon  its  volatility.  If  the  volatility  be 
correctly  chosen,  the  total  ton-miles  of  transportation  per 
barrel  of  crude  will  be  a  maximum.  If  unnecessarily 
volatile,  the  amount  of  fuel  will  be  small  and  the  mileage 
less.  If  too  poor,  while  the  quantity  of  fuel  will  be 
larger,  the  miles  per  gallon  will  be  less  and  the  total  ton- 
miles  will  be  again  less  than  the  maximum. 

A  systematic  research  program  to  accomplish  the  de- 
sired result  has  now  been  started,  under  the  supervision 
of  the  Research  Department  of  the  Society,  which  depart- 
ment will  compile  the  results  of  the  tests  as  well. 

The  United  States  Bureau  of  Mines  is  in  charge  of 
the  specifications  of  the  fuels  to  be  used  and  will  make 
tests  as  to  their  quality,  as  well  as  control  tests  on  fuel 
samples  submitted  by  the  various  companies  running 
tests. 

The  United  States  Bureau  of  Standards  has  designed 
and  built  for  use  in  the  road-testing  of  passenger  cars 
representing  large  production,  a  most  complete  layout  of 
indicating  and  recording  instruments  by  which  accurate 
records  of  fuel-consumption  and  all  elements  of  car  per- 
formance can  be  made  under  all  conditions  of  road  ser- 
vice. Thus  the  effect  of  the  experimental  fuels  on  both 
car  mileage  and  car  performance  will  be  accurately 
known.  An  extensive  series  of  road  tests  is  being  run  by 
the  Bureau  of  Standards,  making  use  of  fleets  of  Govern- 
ment-owned vehicles.  This  program  will  require  the  use 
of  about  80,000  gallons  of  fuel  in  several  hundred  vehi- 
cles. Various  cities  have  been  selected  in  which  to  run 
the  tests  because  of  their  divers  road  conditions. 

When  the  different  tests  contemplated  shall  have  been 
completed,  the  Research  Departments  of  the  American 
Petroleum  Institute  and  of  the  Society  of  Automotive 
Engineers  should  be  in  a  position  to  supply  the  industries 
they  represent  with  information  that  will  make  possible 
better  economic  use  of  the  petroleum  resources,  and 
longer  postponement  of  the  time  when  costs  of  fuel  will 
retard  the  development  of  automotive  transportation. 
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In  this  column  are  given  brief  items  regarding  tech- 
nical books  and  publications  on  automotive  subjects. 
As  a  general  rule,  no  attempt  is  made  to  give  an 
exhaustive  review  of  the  books,  the  purpoc»  of  this 
i  ion  of  THE  JOURNAL  being  rather  to  indicate 
from  time  to  time  what  literature  relating  to  the 
automotive  industry  has  been  published  with  a  short 
statement  of  the  contents. 

Physical  Properties  of  Motor  Fuels.  By  W.  R.  Ormandy 
and  E.  C.  Craven.  Paper  read  before  the  Institution  of 
Automobile  Engineers,  28  Victoria  Street,  Westminster, 
S.  W.,  London,  England.     27  pages;  8  illustrations. 

In  considering  the  suitability  of  various  fuels  for  use  in 
commercial  motor-car  practice,  the  most  important  item  is 
not  the  cost  per  gallon,  but  the  cost  per  unit  result.  To 
insure  economical  operation  a  fuel  must  possess  certain 
physical  and  chemical  characteristics,  which  are  discussed  in 
detail  in  this  article.  Many  of  the  data  are  taken  from  the 
recent  publications  of  Ricardo  and  his  associates. 

A  satisfactory  fuel  must  have  a  high  heat  of  combustion 
which  is  capable  of  efficient  utilization.  Certain  substances, 
such  as  acetylene,  possess  high  heats  of  combustion  but  can- 
not be  used  easily  in  the  engine.  It  is  also  necessary  that 
the  fuel  have  a  fairly  low  freezing-point.  For  this  reason 
benzol  must  be  mixed  with  some  other  fuel,  usually  a  paraf- 
fin, for  use  in  cold  weather.  This  requires  mutual  solubility 
of  the  fuels  used,  and  it  has  been  found  that  certain  mix- 
tures of  fuels,  especially  those  containing  alcohol,  begin  to 
separate  at  moderately  low  temperatures.  Data  are  given 
for  the  mutual  solubility  of  various  mixtures  of  benzol  and 
alcohol  with  other  fuels. 

A  low  initial  boiling-point  can  be  taken  as  an  indication 
of  the  flash-point,  or  relative  ease  of  starting  of  the  fuel. 
A  comparatively  low  50  per  cent  point  is  a  good  indication 
of  satisfactory  behavior  in  the  engine.  High  final-distilla- 
tion temperatures  indicate  the  presence  of  heavy  fractions 
which  possess  the  tendency  to  get  by  the  rings  into  the 
crankcase  and  dilute  the  oil.  British  and  Continental  fuels 
are  markedly  superior  to  American  fuels  in  this  respect. 

The  latent  heat  of  evaporation  is  an  important  factor  in 
the  carburetion  of  the  fuel.  Where  a  large  amount  of  heat 
must  be  supplied  it  is  necessary  to  make  use  of  some  aux- 
iliary heating  device  such  as  the  hot-spot.  If  a  fuel  with  a 
high  heat  of  vaporization  is  admitted  to  the  cylinder  in  the 
form  of  spray,  then  the  cooling  of  the  charge  and  cylinder 
walls  by  evaporation  makes  possible  a  high  volumetric 
efficiency. 

Probably  the  most  important  factor  in  determining  the 
starting  qualities  of  a  fuel  is  the  amount  of  readily  volatile 
material  it  contains.  The  authors  have  shown  recently  that 
the  flash-point  is  capable  of  giving  a  very  good  idea  of  the 
amount  of  these  volatile  hydrocarbons  present.  The  flash- 
points of  engine  gasolines  are  of  the  order  of  — 25  deg.  cent. 
(—13  deg.  fahr.)  to  —30  deg.  cent.  (—22  deg.  fahr.),  of 
fuel  benzol  about  — 11  deg.  cent.  (+12  deg.  fahr.),  and  of 
95  per  cent  alcohol  16  deg.  cent.  (61  deg.  fahr.).  The  flash- 
points of  various  hydrocarbons  occur,  within  very  small 
limits,  at  the  same  vapor-pressure.  The  lower  limit  of  flame 
propagation  for  all  hydrocarbon-air  mixtures  is  at  approxi- 
mately 1  '  -  pci-  cent  by  volume  of  the  combustible  vapor, 
while  the  maximum  limit  is  at  about  4M>  per  cent  by  volume. 
Both  the  lower  and  higher  flash-points  appear  to  bear  a  con- 
stant ratio  to  the  initial  boiling-point  of  the  fuel  when  all 
are  expressed  in  degrees  of  absolute  temperature. 

There  are  several  other  important  requirements  for  motor 


fuels;  they  must  not  exert  corrosive  action  on  the  metals 
with  which  they  come  in  contact;  they  must  possess  a  fairly 
uniform  viscosity,  this  is  especially  desirable  in  connection 
with  use  in  jet  carbureters,  and  they  must  not  show  too 
great  a  tendency  to  detonate.  The  detonation  tendency  of  a 
fuel  is  indicated  by  its  "toluene  value,"  a  notation  developed 
by  Ricardo.  The  authors  attempt  to  trace  a  fairly  definite 
relationship  between  the  temperatures  of  spontaneous  igni- 
tion and  the  "toluene  values"  of  the  fuel. 

Referring  to  the  development  of  high-efficiency  high-com- 
pression engines  the  illuminating  remark  is  made:  "It  will 
gradually  become  realized  by  the  purchasing  public  that  the 
super-efficient  engine  is  only  super-efficient  when  supplied 
with  certain  fuels,  and  that  with  unsuitable  fuels  it  can 
become  a  'super-nuisance.'  "     D.  P.  B.  4th. 

The  Airplane  Engine.  By  Lionel  S.  Marks.  Published  by 
the  McGraw-Hill  Book  Co.,  New  York  City.  454  pages; 
341  illustrations. 

This  volume  should  be  an  important  and  useful  addition 
to  the  literature  on  this  subject.  The  author  has  collected 
and  compiled  in  very  convenient  and  acceptable  form  many 
of  the  reliable  data  regarding  the  principles  of  design  and 
practical  operation  of  all  classes  of  typical  aircraft  engines 
in  present  use  and  has  treated  these  data  with  a  full  regard 
for  the  underlying  principles  of  mechanics  and  thermody- 
namics,   making   his    interpretations    of    particular    value. 

Among  other  things,  the  volume  contains  well-analyzed 
results  of  tests  and  observations  gathered  from  a  great 
variety  of  sources,  some  of  which  are  difficult  of  access. 
Naturally  some  of  these  results  are  impossible  to  verify,  but 
the  author  has  for  the  most  part  either  omitted  or  qualified 
such  statements  as  did  not  appear  to  be  in  reasonable  accord 
with  known  facts  or  accepted  theories.  The  author  wisely 
makes  no  attempt  at  prediction  or  invention,  but  confines 
himself  to  what  may  be  classed  as  present  knowledge,  pre- 
senting this  in  such  a  form  as  to  be  useful  to  all  interested 
in  aircraft  powerplants. 

An  Investigation  of  the  Fatigue  of  Metals.  By  H.  F. 
Moore  and  J.  B.  Kommers.  University  of  Illinois  Engi- 
neering Experiment  Station.  Bulletin  No.  124.  185  pages; 
46  illustrations. 

This  bulletin  is  in  reality  a  progress  report  on  a  very 
important  investigation  begun  several  years  ago  under  the 
sponsorship  of  the  National  Research  Council,  and  with  the 
cooperation  and  support  of  various  commercial  interests. 
Failures  of  steels  under  repeated  stress  have  presented  a 
difficult  problem  that  became  acute  during  the  war.  No 
entirely  satisfactory  methods  of  testing  for  this  property 
were  available.  The  results  of  tests  of  a  large  variety  of 
steels  by  all  the  accepted  and  by  some  new  methods  described 
and  carefully  analyzed  in  this  bulletin  throw  much  new 
light  on  the  subject.  Some  very  constructive  suggestions 
are  made  for  the  continuation  of  this  line  of  research. 


ABRASIVE  WHEEL  SAFETY  CODE 

A  CODE  containing  the  rules  and  specifications  considered 
necessary  to  insure  safety  in  the  use  of  abrasive  wheels 
operating  at  speeds  in  excess  of  2000  surface  ft.  per  min., 
which  was  prepared  by  a  sectional  committee  organized 
under  the  joint  sponsorship  of  the  Grinding  Wheel  Manu- 
facturers Association  of  the  United  States  and  Canada  and 
the  International  Association  of  Industrial  Accident  Boards 
and  Commissions,  has  been  approved  as  a  tentative  Ameri- 
can standard  by  the  American  Engineering  Standards  Com- 
mittee. Representatives  of  the  various  engineering  societies 
and  trade  associations  interested  in  the  use  of  grinding 
wheels  were  among  the  members  of  the  committee,  the 
Society's  representative  being  A.  J.  Gifford.  The  sections 
into  which  the  code  is  divided  deal  with  types  of  protection 
devices,  storage  and  inspection  of  wheels,  general  machine 
requirements,  protection  hoods,  work  rests,  protection  of 
wheels,  flanges,  methods  of  mounting,  operating  rules  and 
general  data.     Numerous  illustrations  supplement  the  text. 
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ACTIVITIES  OF  THE  SECTIONS 


Secretaries  of  the  Sections 

Bi  ppalo  Section     E.  T.  Mathewson,  Acting  Secretary,  321  Fidelity  Building,  Buffalo 
i  ii  mi  wi>  Section— E.  w.  Weaver,  BIOS  Euclid  Avenue,  Cleveland 
Dayton  Si,  HON     R.  B.  May,  Dayton  Engineering  Laboratories  Co.,  Dayton,  Ohio 
Detroit  Section — B.  Brede,  Assistant  Secretary.  1  r : « ;  1  Book  Building,  lutroit 
Indiana  Section— B.  F.  Kelly.  Weidely  Motors  Co.,  Indianapolis 
MfiTROPOLiTAN  Section     F.  E.  McKone,  347  .Madison  Avenue,  New  York  City 
Mid-West  Section-  T.  Milton,  140  South  Dearborn  street,  Chicago 
Minneapolis  Section    C.  T.  Stevens,  Reinhard  Brothers  Co.,  Minneapolis 
New  England  Se<  pion     H.  E    Morton,  B.  F.  Sturtevant  Co.,  Hyde  Park,  Boston 
Pennsylvania  Section — T.  F.  Cullen,  Chilton  Co.,  Market  and  49th  streets, 

Philadelphia 
Washington  Section — B.  R.  Newcomb,  211  Victor  Building,  City  of  Washington 


DURING  the  past  month  all  of  the  Sections  have  received  their  nine  during  the  spring  season,  for  they  have  no  inten- 

the  annual  Society  appropriation  of  $1  for  each  member  tion  of  having  the  trophy  wrested  from  them, 

of  the  Section  in  good"standing  as  of  March   1.     This  appro-  It   is   expected   that   the   Section   stunts  of   previous   years 

priation  is  additional  to  the  $500  that  is  sent  to  each  Section  will   be  outdone  at    White   Sulphur   Springs.     As  announced 

at  the  beginning  of  the  Section  year,  Oct.  1,  by  the  Treasurer  last  month,   L.   L.   Williams   is  busy  adding  another   ring  to 

of  the  Society.     The  following  list  presents  the  membership  Cleveland's  celebrated   Burnum  &   Baleum   exposition  of  the 

totals  of  the  11  Sections:  mg  tent  Which  was  showered  with  approval  at  West  Baden. 

A.  K.  Brumbaugh  is  endeavoring  to  rejuvenate  the  dragon  of 

Buff3'0    • jj'  Ottawa  Beach  fame.     Mark  Smith  is  studying  another  of  the 

r^                                                                                                '.,'  classic  tongues  and  may  burst  forth  at  any  moment  in  a  new 

.,.!'  impersonation.      Naturally   the   rivalry    is   heated   and   much 

'  o<>  good-natured   tomfoolery  will  result. 

Indiana     o9 

Metropolitan    197  Society  Nominating   Committee   Members  and   New 

Mid-West     82  SECTION  OFFICERS 

Minneapolis     IT  „     ..                     ..       ,                                   ... 

kT        f     i     j                                                                     co  Section              Member                         Attentat, 

New    England    59  Bu)Ta|o               0.  J.  Rohde 

Pennsylvania 63  Dayton             y   G   A     ,e                 L   g    Keilholtz 

\\  ashington     25  Detroit               Howard  A.  Coffin         T.  J.  Litle,  Jr. 

T       .  Mid-West           B.  S.  Pfeiffer                 Taliaferro    Milton 

lotal     '4  Metropolitan     Cornelius  T.  Myers     Finley  R.  Porter 

SECTIONS  AND  THE  SUMMER  MEETING  Pennsylvania    T.  F.  Cullen                  F.  M.  Germane 

„,„,„.,                   ,                                        .  ,  Washington      W.  S.  James 
Several  of  the  Sections  have  completed  arrangements  with 

the  local  railroad  authorities  for  special  Pullmans  to  trans-  Each    of    the    Sections   elected    its    representative    on    the 

porf  their  members  to  the  Summer  Meeting  at  White  Sulphur  Society  Nominating  Committee  during  the  past  month.    This 

Springs.      In    most    instances   these   special   cars   will    depart  Committee  is  charged  with  the  selection  of  a  ticket  of  general 
during  the  afternoon  of  June  19  and  arrive  at  White  Sulphur 
Springs   on   the   morning  of  June   20   without   the   members 
having  the  inconvenience  of  any  change  or  stopover.     The 

Section   Secretaries  are  being  advised   weekly   of   the   mem-  Scllcdulc  ()f  Sections    JVlcptllVS 

bers  in  their  territory  making  reservations  with  the  Society  '                        ° 

for  hotel  accommodations  at  the  Summer  Meeting,  this  service  MAY 

enabling  the  Secretaries  to  call  the  attention  of  these  mem-  3-MlNNEAPOLIS   SECTION-Business  Meeting 
bers  to  the  advantages   of  traveling  on   the   special   trains. 

Your  Section  Secretary  is  provided  with  complete  informa-  8— Indiana  Section 

tion  and  should  be  consulted  before  you  purchase  your  trans-  12 — M id- West  Section — Fundamental   Losses  in 
portation.      A    table    showing   the    reduced    fares    and    train  Automotive  Apparatus 
schedules  will  be  found  on   page  346  of  this  issue  of  The  12 — New    England    Section  —  Manufacture    of 
Journal.      Members   of   every    Section    of    the    Society    will  Tires — W.  W.  Duncan.     Also  Special   En- 
profit  by  the  reduced-fare  arrangement  at  the  11122  meeting,  tertainment 

the  saving  amounting  to  25  per  cent  of  the  round-trip  fare  18— Cleveland  Section— Coordination  of  Auto- 

,n  *"  caf s  motive  Research 

One  of  the  features  of  the   1922  Summer   Meeting  will  be  ,,.      n™™.„™    o                   r,  ■>■   j      ™-  u    r,     *     • 

the   inter-Sectional    athletic   contests.      The    Society   baseball  H'-DETROIT    SECTION-Cyhnder-Wall    Surfacing 

championship  series  will   be  played  to  decide   which   Section  °   10'  S 

will  capture  the  cup  now  in  the  possession  of  the  Metropoli-  — Pennsylvania    Section— Either    Outing    at 

ton  Section.     There  will  be  tug-of-war  evei              reen  teams  Torresdale  or   Body  Meeting 

representing  the   various   Sections.      A    relay    race   will    also  BUFFALO  SECTION— No  Meeting  Scheduled 

be   contested.      Word    reaches   us   that   the  "members   of   the  Dayton   Section— No  Meeting  Scheduled 
Metropolitan    Section    baseball    team    have    been    perfecting 
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Society   officers   to   be   voted   on   for   1923,   and  will   perform 
this  important  duty  during  the  Summer  Meeting  at  White 
Sulphur   Springs.     The  annual  Nominating  Committee  con- 
of  one  member  of  the  Society  elected  by  each  Section 
r   to  the   Summer   Meeting  and  three  members-at-large 
who  are  elected  at  the  business  session  of  the  Summer  Meet- 
ing.   The  names  of  the  Nominating  Committee  members  that 
have  been  received  at  this  date  appear  on  the  preceding  page. 
Each  of  the  Sections  of  the  Society  elected  its  officers  for 
the   1922-1923  year   during  April,  the   names  of  those  who 
are  to  take  office  next  fall   having  been   announced  at  the 
May  meetings.     The  complete  list  of  these  officers  will  be 
published  in  the  June  Journal. 

Recent  and  Future  Meetings 

Detroit  Section — The  Detroit  Section  is  indebted  to  K.  L. 
Hermann  for  the  arrangement  of  an  extremely  interesting 
and  instructive  production-engineering  meeting  on  the  eve- 
ning of  March  24.  Over  225  members  and  guests  were  in 
attendance  and  heard  four  papers  presented  on  the  general 
topic  of  Gearing.  The  technical  meeting  was  preceded  by 
a  buffet  supper. 

S.  O.  Bjornberg  described  several  ingenious  inspection 
and  measuring  fixtures  in  his  paper,  How  to  Use  Hobs.  He 
illustrated  his  talk  with  lantern  slides  and  showed  how  the 
accuracy  of  gear  hobs  can  be  checked  to  assure  the  exact 
cutting  of  gears  with  teeth  of  the  desired  profile.  R.  S. 
Drummond  presented  a  paper  on  the  advantages  of  gear 
grinding.  He  called  attention  to  the  inaccuracies  in  tooth 
profile  caused  by  the  hardening  process,  thus  demonstrating 
the  importance  of  grinding  the  tooth  face  after  hardening 
when  silent  running  of  the  gears  is  essential.  He  believes 
that  wear  is  greatly  accelerated  in  the  case  of  gear  teeth 
that  are  not  ground  accurately  to  theoretical  form.  A  paper 
by  John  Edgar  treated  certain  features  of  the  gear-hobbing 
machine  that  require  careful  adjustment  to  attain  accurate 
results.  He  stressed  the  importance  of  using  very  precise 
hobs. 

Following  the  presentation  of  the  papers,  a  device  was 
demonstrated  that  projected  tooth-profiles,  greatly  enlarged, 
upon  a  screen  and  permitted  comparison  of  the  actual  form 
with  the  theoretical  outline. 

The  papers  elicited  very  active  discussion.  The  success 
of  this  production  session  indicates  the  advisability  of  the 
scheduling  of  similar  meetings  by  the  other  Sections  of  the 
Society. 

The  April  meeting  of  the  Detroit  Section  was  devoted  to 
the  very  troublesome  problem  of  lubricating-oil  dilution  in 
engine  crankcases.  William  F.  Parish  presented  the  paper 
of  the  evening.  He  described  a  system  that  has  been  de- 
signed to  carry  the  lubricant  from  the  crankcase  through  an 
exhaust-heated  distillation  device  to  remove  the  diluent  from 
the  oil.  The  treated  oil  is  returned  to  the  crankcase  through 
a  cooler  and  the  diluent  collected  and  burned  in  the  cylinder. 
Mr.  Parish  gave  several  demonstrations  which  added  greatly 
to  the  interest  in  his  paper. 

At  the  Detroit  Section  Meeting  to  be  held  on  May  19 
papers  will  be  presented  on  methods  of  producing  cylinder- 
wall  surfaces.  The  production  problem  involved  is  to  be 
studied  particularly  from  the  standpoint  of  preventing  oil- 
pumping  and  crankcase  lubricating-oil   dilution. 

Minneapolis  Section — The  Minneapolis  Section  departed 
from  its  general  practice  of  treating  farm  power  and  tractor 
topics,  at  its  meeting  held  on  April  5.  Victor  Gauvreau, 
instructor  of  mechanical  engineering  at  the  University  of 
Minnesota,  presented  a  paper  on  the  Influence  of  Racing  on 
Automotive  Design.  Mr.  Gauvreau  was  engaged  in  the  de- 
i  of  racing  cars  for  several  years.  He  enumerated  some 
of  the  constructional  improvements  in  car  and  engine  design 
that  are  the  result  of  racing  experience. 

The  officers  of  the  Section  are  making  plans  for  a  Summer 
Outing  to  be  participated  in  by  members  resident  in  the 
Section  territory. 

Vewi  England  Sections — On  April  21  the  Met- 
ropolitan and  New  England  Sections  visited  New  Haven, 
Conn.,  where  a  joint  meeting  was  held  at  the  Mason  Auto- 


mobile Laboratory  of  the  Sheffield  Scientific  School  ef  Yale 
University.  After  a  very  enjoyable  luncheon  at  the  Yale 
Dining  Club,  the  members  inspected  the  laboratory  appa- 
ratus, evincing  particular  interest  in  the  dynamometer  for 
measuring  overall  car-efficiency.  Prof.  E.  H.  Lockwood 
presented  a  very  comprehensive  and  instructive  paper  on 
Motor-Vehicle  Testing,  in  which  he  discussed  many  of  the 
elements  of  power  loss  between  the  engine  and  the  road. 
His  test  results  and  treatment  of  tire  losses  were  particularly 
valuable,  inasmuch  as  the  effects  of  speed,  type  of  tread, 
condition  of  tire  with  regard  to  wear,  degree  of  inflation  and 
many  other  variables  were  clearly  shown. 

A  very  novel  feature  of  the  meeting  was  the  transporta- 
tion to  New  Haven  of  65  Metropolitan  Section  members  by 
gasoline-engined  rail-cars.  These  members  traveled  the 
entire  distance  via  the  gasoline  route,  the  first  stage  of  the 
trip  being  made  by  motorbus.  The  rail  trip  was  arranged 
through  courtesy  of  officials  of  the  New  York,  New  Haven  & 
Hartford  Railroad. 

The  Metropolitan  Section's  Annual  Carnival  was  held  on 
the  evening  of  April  29.  All  of  the  plans  and  arrangements 
were  made  by  a  committee  of  members'  wives  and  they  set 
a  very  high  standard  for  similar  occasions  in  the  future. 
Supper,  dancing  and  entertainment  drove  away  automotive 
business  cares. 

The  New  England  Section  has  secured  from  W.  W.  Duncan 
a  paper  on  the  Manufacture  of  Tires,  which  will  be  read 
at  its  meeting  scheduled  for  May  12. 

Washington  Section — E.  C.  Crittenden  presented  a  paper 
on  the  Automobile  Head-Lamp  Problem  before  the  Washing- 
ton Section  on  the  evening  of  April  7.  Mr.  Crittenden  has 
been  directly  interested  in  the  studies  made  to  develop  a 
means  of  measuring  head-lamp  illumination  glare.  He  sum- 
marized the  requirements,  both  legal  and  technical,  that  re- 
sulted in  the  most  recent  revision  of  the  Illuminating  Engi- 
neering Society's  specifications.  There  was  considerable  dis- 
cussion of  the  subject,  it  being  the  consensus  of  opinion  that 
better  regulation  of  head-lamp  illumination  is  demanded. 
The  Lighting  Division  of  the  Standards  Committee  of  the 
Society  will  consider  head-lamp  intensity  standards  at  its 
May  meeting. 

Indiana  Section — The  Indiana  Section  did  not  meet  during 
April  but  an  unusually  attractive  program  was  arranged  by 
it  for  the  evening  of  May  8.  The  Section  will  have  many 
of  the  officers  of  the  Society  as  its  guests  on  this  occasion, 
as  the  Council  will  meet  in  Indianapolis  on  the  same  day. 

Cleveland  Section — On  April  21  a  very  interesting  meeting 
and  an  inspection  trip  were  conducted  jointly  by  the  Cleve- 
land Section  of  the  Society  and  that  of  the  Illuminating 
Engineering  Society.  The  Sections  met  during  the  after- 
noon at  the  miniature  lamp  factory  of  the  National  Lamp 
Works,  where  the  members  had  an  opportunity  to  observe  the 
methods  followed  in  the  production  of  automobile-lamp  bulbs. 
A  new  process  of  bulb  manufacture  was  inspected  later  at 
the  Pitney  Glass  Division  of  the  same  company.  Dinner  was 
provided  at  the  Nela  Park  dining-rooms  after  the  inspection 
trip,  the  company  acting  as  host.  Soon  after  dinner  the 
Section  adjourned  to  the  lecture-room  of  the  Nela  Labora- 
tory, where  a  paper  on  Motor  Vehicle  Lighting  was  read  by 
H.  H.  Madgsick. 

The  Cleveland  Section  has  secured  Dr.  H.  C.  Dickinson, 
manager  of  the  Society's  Research  Department,  to  talk  to  it 
on  May  18  on  the  Advantages  of  Coordinating  Automotive 
Research. 

Buffalo  Section — The  Buffalo  Section  devoted  its  meeting 
on  April  18  to  the  topic  of  ball  bearings.  Dr.  Tobias  Dant- 
zig  gave  a  paper  on  the  Design  and  Construction  of  Ball 
Bearings  and  Their  Automotive  Applications.  Doctor  Dant- 
zig's  paper,  which  was  received  most  favorably,  was  followed 
by  discussion  of  ball-bearing  mountings  and  standards. 

No  meeting  has  been  scheduled  by  the  Buffalo  Section  to 
be  held  during  May. 

Pennsylvania  Section — The  Pennsylvania  Section  met  on 
the  evening  of  April  27.     Cornelius  T.  Myers  read  a  paper 
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Current  Standardization  Work 


TIIK  Standards  Committee  Division  meetings  held  during 
April   were   most   successful.     Several    recommendations 
were  approved  for  submission  to  the  Standards  Commitb 
the  Summer  Meeting  at  White  Sulphur  Springs  on  .lune  20. 
These  recommendations  are  mentioned  in  the  accompanying 

summary  of  the  current  standardization  work  and  will  be 
printed  in  full  in  the  June  issue  of  The  Journal,  which  will 
contain  the  Reports  of  the  Divisions  to  the  Standards  Com- 
mittee. The  members  should  therefore  plan  to  bring  the 
June  issue  of  THE  JOURNAL  to  the  Summer  Meeting  to  follow 
the  work  in  the  Standards  Committee  Sessions.  Members 
especially  interested  in  any  of  the  current  Division  recom- 
mendations can  obtain  advance  copies  of  them  from  the  So- 
ciety upon  application. 

The  meetings  held  during  April  are  listed  in  Table  1. 

i  VKLE  1 — APRIL  MEETINGS  HELD 

Agricultural   Power  Equipment  Division  April  19 

Ball  and  Roller  Bearings  Division  April  28 
Engine  Division                                                       ■    April  17 

Electrical  Equipment  Division  April  14 

Electric  Vehicle  Division  April     5 

Iron  and  Steel  Division  April  11 

Lubricants  Division  April  18 

Motorboat  liivision  April  10 

Nomenclature  Division  April     3 

Parts  and  Fittings  Division  April  12 

Passenger-Car  Hubs  Subdivision  April     7 

Sectional  Committee  on  Ball  Bearings  April  27 

Stationary   Engine    Division  April  19 

Thrust  Ball   Bearing  Subdivision  April  18 

Transmission  Division  April  13 


May  Division  Meetings 

The  schedule  of  May  meetings,  published  in  the  April  issue 
of  The  Journal,  has  been  revised  slightly.  The  dates  of  the 
May  series  of  meetings  are  therefore  reprinted  in  Table  2. 
It  should  be  appreciated  that  these  dates  are  not  final,  but  are 
intended  to  help  the  members  of  the  Divisions  arrange  their 
plans  far  enough  ahead  to  attend  meetings.  Definite  meet- 
ing notices  have  been  or  will  be  sent  to  all  Division  members 
at  least  2  weeks  in  advance  of  each  meeting  scheduled. 

Automobile  Wiring 

A  Subdivision  was  appointed  at  the  Electrical  Equipment 
Division  meeting  on  April  14  to  formulate  standards  for  auto- 


mobile wiring  based  on  the  paper  presented  by  W.  S.  Haggott 
at    the   Buffalo  Section   Meeting  on   April  21.     The  personnel 

of  the   Subdivision   is 

W.  S.  Haggott,  chairman,  Packard  Electric  Co. 

H.  B.  Bui  Uy.  Boston  Insulated  Wire  &  Cable  Co. 

B.  M.  I.i  Leece-Neville  Co. 

M.  L.  Hillmer  Remy  Electric  Co. 

Ernest  Wooler  Cleveland  Automobile  Co. 

Consideration  was  given  also  to  the  standardization  of 
cable  clips  and  rubber  bushings.  As  it  was  felt  that  these 
subjects  are  intimately  related  to  that  of  automobile  wiring, 
they  were  assigned  to  the  same  Subdivision.  It  was  brought 
out  that  cable  terminals  in  accordance  with  the  present 
S.  A.  E.  Standard,  pages  B21  and  B22  of  the  S.  A.  E.  Hand- 
book, are  used  very  little  and  that  it  would  be  better  to  se- 
lect terminal  designs  which  are  common  practice  and  adopt 
them  as  standard  in  place  of  the  present  S.  A.  E.  Standard. 

Ball  Studs 

At  the  meeting  of  the  Parts  and  Fittings  Division  on  April 
12  the  following  Subdivision  was  appointed  to  revise  the  re- 
port on  ball-studs,  which  was  referred  back  for  further  con- 
sideration to  the  Division  at  the  June,  1921,  meeting  of  the 
Standards   Committee: 


E.  R.  Douglas,  chairman, 
H.  B.  Garman 
W.  J.  Outcalt 


Cincinnati  Ball  Crank  Co. 

Detroit  Steel  Products  Co. 

General  Motors  Co. 


Brake-Lining 

A  meeting  of  the  Brake-Lining  Subdivision  was  held  in 
New  York  City  on  March  28.  The  results  obtained  by  sev- 
eral brake-lining  manufacturers  who  had  been  running  tests 
on  a  brake-lining  testing-machine  developed  at  the  Bureau 
of  Standards  were  discussed  and  indicated  that  it  is  very 
doubtful  whether  uniformity  of  results  can  be  obtained  by 
the  use  of  the  machine,  especially  when  the  tests  are  run 
by  different  operators. 

The  speed  of  the  drum  used  by  the  various  companies  mak- 
ing these  tests  ranged  from  540  to  650  r.p.m.  The  time  re- 
quired to  wear  the  brake-linings  to  one-half  their  original 
thickness  varied  from  5  to  43  hr.  The  coefficients  of  fric- 
tion determined  varied  from  0.420  to  0.581.  The  differences 
in  results  obtained,  it  was  decided,   could  not  be  attributed 
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TABLE    2 

Division 


■TENTATIVE   SCHEDULE  OF  DIVISION    MEETINGS   IN    MAY 


Aeronautic 

Wire  and  Fittings  Subdivision 
Axle  and  Wheels 
Electric    Vehicle 
Lighting 

Motorboat  Lighting  Subdivision 
Motorboat 

Non-Ferrous  Metals 
Part-  and  Fittings 
Passenger   Car 
Passenger-Car  Body 
Screw-Threads 
Springs 

age  Battery 


Joint  meeting. 


Cleveland 

May  2" 

May  3 

May  1 

May  2" 

May  1 

Detroil 


May  10 


May 
May 
May 


New  York  City 
May  15 
May  10 


May    2 
May  23 


May     5 
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solely  to  the  differences  in  speed,  and  it  was  brought  out  that 
the  nature  of  the  surface  of  the  drum  itself  has  a  material 
effect  on  the  life  of  the  lining.  It  was  concluded  that  it 
would  be  necessary  to  have  the  drums  mounted  and  ground 
concentrically  with  the  shaft  and  polished  before  starting 
the  tests,  but  the  general  opinion  was  that  the  machine  is 
too  sensitive  to  variations  of  adjustment  to  give  satisfactory 
uniformity  of  results. 

A  proposed  modified  design  of  testing  machine  was  dis- 
cussed and  a  Committee  appointed  to  communicate  with  en- 
gineers of  the  Riehle  Bros.  Testing  Machine  Co.  to  obtain 
their  opinion  as  to  its  design. 

The  present  S.  A.  E.  Standard  for  Brake-Lining  was  dis- 
cussed, it  being  considered  advisable  to  incorporate  in  a 
general  specification  covering  both  woven  and  folded  types 
of  brake-lining  the  brake-lining  dimensions  specified  in  the 
present  S.  A.  E.  Standard.  It  was  recommended  that  the 
tolerances  for  the  width  be  changed  from  plus  to  minus  1/1(5 
in.  for  all  sizes  to  plus  or  minus  1/32  in.  up  to  and  including 
the  2I'2-in.  width  and  plus  or  minus  1/16  in.  for  sizes  over 
2%-in.  width.  It  was  also  recommended  that  the  width  and 
thickness  should  be  measured  with  "go"  and  "no  go"  gages 
with  jaws  1  in.  wide. 

Breaker-Contacts 

At  the  Electrical  Equipment  Division  meeting  in  April  it 
was  decided  to  recommend  for  adoption  as  S.  A.  E.  Recom- 
mended Practice  '4  in.  for  the  width  across  the  flats  of  the 
hexagon  head  of  breaker-contacts  and  of  the  check-nut  used, 
and  No.  10-40  or  No.  8-40  thread.  The  adoption  of  this  rec- 
ommended practice  will  make  it  necessary  to  use  but  one 
size  of  wrench  for  breaker-contacts  and  facilitate  servicing 
in  emergencies.  The  diameter  across  the  contact-points  was 
not  considered  for  standardization  as  this  was  thought  to  be 
a  matter  of  individual  design. 

Clutch-Bearing  Oiling  Mechanisms 

At  the  meeting  of  the  Transmission  Division  on  April  13 
it  was  decided  that  the  standardization  of  clutch-bearing 
oiling  mechanisms  is  impracticable  because  of  the  great 
variety  of  individual  designs  that  would  be  affected  and  the 
difficulties  encountered  in  trying  to  provide  an  adequate 
standard  method.     This  subject  was  therefore  discontinued. 

Clutch  Facings 

S.  O.  White  and  L.  C.  Fuller  have  been  appointed  mem- 
bers of  the  Subdivision  on  Clutch  Facings  to  co-operate  with 
A.  C.  Bryan,  chairman  of  the  Transmission  Division,  who  is 
working  on  the  further  standardization  of  clutch  facings  with 
special  reference  to  rivets  and  parallelism  of  facings. 

In  discussing  different  methods  of  testing  the  parallelism 
of  clutch  facings  at  the  April  Transmission  Division  meet- 
ing, A.  W.  Copland  suggested  that  the  members  of  the 
Division  work  up  several  designs  of  inspecting  mechanisms 
and  distribute  information  as  to  them  to  the  Division  mem- 
bers. Mr.  Bryan  felt  that  it  might  be  well  to  establish  stand- 
ard methods  of  inspection  in  order  to  obtain  uniform  re- 
sults from  all  clutch-facing  manufacturers. 

Clutch  Standardization 

The  April  meeting  of  the  Transmission  Division  was  called 
primarily  to  consider  the  standardization  of  clutches,  the 
Society  having  received  several  suggestions  in  connection  with 
this  subject.  C.  G.  Wood  presented  information  covering 
trouble  that  the  clutch  and  car  manufacturers  experience 
owing  to  the  lack  of  standardization  of  clutch  mountings. 
He  referred  to  the  tendency  for  the  single-plate  and  multiple- 
disc  clutch  to  replace  the  cone  clutch  and  urged  the  Division 
to  formulate  standards  for  interchangeable  mounting  dimen- 
sions of  single-plate  and  multiple-disc  clutches.  He  sub- 
mitted a  sketch  showing  the  possibility  of  such  standardiza- 
tion, this  indicating  maximum  dimensions  to  cover  the  most 
extreme  cases. 

General  discussion  indicated  that  the  standardization  of 
single-plate  clutches  is  feasible,  but  that  difficulty  will  be  en- 


countered in  connection  with  the  multiple-disc  type.  Mr. 
Copland  suggested  standardizing  the  connections  between  the 
driving  gear  and  the  clutch,  pointing  out  that  this  is  one  of 
the  important  points  in  clutch  mounting.  He  emphasized 
the  importance  of  standardization  as  one  of  the  principal 
economic  factors  in  parts  manufacturers'  business. 

Mr.  Bryan  brought  up  the  matter  of  the  advisability  of 
standardizing  the  tolerances  for  spline  fits,  particularly  in 
connection  with  the  widths  of  splines  on  the  driving-shafts 
and  in  stem  gears.  It  was  suggested  that  it  would  be  well 
to  develop  standard  fixtures  and  methods  of  inspecting  splines 
to  eliminate  the  possibility  of  controversy  between  manufac- 
turers and  consumers;  also  that  there  might  be  two  classes 
of  standards,  one  for  very  accurate  high-grade  work  and  the 
other  class  for  less  expensive  work. 

As  it  was  the  consensus  of  opinion  that  the  subject  of 
clutch  standardization  should  be  actively  followed  up,  Chair- 
man Bryan  appointed  the  following  Subdivision  to  investigate 
both  single-plate  and  multiple-disc  types  of  clutches  and  to 
prepare  a  report  on  their  standardization: 


D.  E.  Gamble,  chairman, 

C.  E.  Swenson 

C.  G.  Wood 

L.  C.  Fuller 

R.  C.  Merchant 

H.   W.    Sweet 


Borg  &  Beck  Co. 

Mechanics  Machine  Co. 

Hoosier  Clutch  Co. 

Fuller  &  Sons  Mfg.  Co. 

Covert  Gear  Co. 

Brown-Lipe   Co. 


Mr.  Bryan  indicated  that  the  Subdivision  members  should 
proceed  in  two  groups  for  the  present,  the  first  three  members 
of  the  Subdivision  working  on  single-plate  clutches  and  the 
last  three  on  multiple-disc  clutches.  As  soon  as  these  two 
groups  shall  have  obtained  the  necessary  data  and  formulated 
a  general  idea  of  what  is  necessary  with  regard  to  each  par- 
ticular type  of  clutch,  all  the  Subdivision  members  will  con- 
fer in  the  preparation  of  the  final  report  to  the  Transmission 
Division. 

COTTER-PINS 

A  Subdivision  was  appointed  at  the  April  meeting  of  the 
Parts  and  Fittings  Division  to  review  the  present  S.  A.  E. 
Standard  for  Cotter-Pins,  page  C7  of  the  S.  A.  E.  Handbook. 
The  Subdivision  appointed  was 


W.  C.  Keys,  chairman, 
W.  J.  Outcalt 


Gabriel  Mfg.  Co. 
General  Motors  Co. 


Crankcase  Drain-Plugs 

At  the  April  meeting  of  the  Engine  Division  it  was  rec- 
ommended, for  consideration  by  the  Standards  Committee, 
that  crankcase  oil-drain  holes  shall  have  a  minimum  opening 
of  %  in.,  be  located  at  the  lowest  point  in  the  oil-pan  and  be 
operable  from  under  the  engine  hood.  Owing  to  the  large 
number  of  different  engine  designs  and  satisfactory  types  of 
oil-drain,  the  Division  felt  that  further  standardization 
would  limit  the  engineering  development  of  such  mechanisms. 

Electric  Vehicle  Division  Meeting 

Work  was  started  in  connection  with  the  different  sub- 
jects before  the  Electric  Vehicle  Division  at  the  first  meeting 
of  the  year  held  on  April  5. 

It  was  thought  desirable  to  establish  definite  dimensions  for 
battery  trays  for  electric  trucks  so  that  batteries  and  battery 
assemblies  can  be  readily  interchanged.  E.  L.  Clark  and 
Bruce  Ford  were  appointed  to  act  as  a  Subdivision  to  ob- 
tain information  on  present  practice  and  formulate  a  report 
for   consideration   at  the  next   meeting. 

A  recommendation  was  adopted  eliminating  the  50-amp. 
charging-plug  and  receptacle  from  the  present  S.A.E.  Stand- 
ard on  page  B38  of  the  S.  A.  E.  Handbook.  This  action  was 
taken  because  trouble  is  experienced  in  charging-stations 
when  using  different  sizes  of  plug  and  also  on  account  of 
trouble  caused  by  bad  contact  and  resultant  overheating  when 
using  the  smaller  plugs. 

It  was  felt  that  terminal  locations  and  polarities,  as  well 
as  the  types  of  terminal  at  the  corners  of  storage-battery 
compartments,  should  be  standardized.    H.  M.  Pierce  was  ap- 
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pointed  a  Subdivision  of  one  to  obtain  information  OH  present 
practice  and  to  prepare  a  report  for  considcial  en  at  the  next 
meeting  of  the  Division. 
The  present   rather   varied   practice  among  electric-vehicle 

build.  lamp   Voltages   and   sizes   was   discussed    111   con- 

on   with   different   state  head-lamp   laws.     After  thor- 
ough on,  it   was   recommended   thai    all   incandescent 

lamps  for  electric  vehicles  shall  be  of  I  standard  double- 
contact  bayonet  type  and  that  for  nominal  10  to  44-Volt  cir- 
cuits incandescent  lamps  for  tail-lamps,  side-lamps  and  dome- 
lamps  shall  be  8-watt  of  the  G-10  size,  and  those  fur  head- 
lamps 15- watt  of  the  S-ll  size;  and  that  for  a  nominal  80  to 
84-VOlt  batteries  all  lamps  shall  be  la-watt  of  the  S-ll  size. 
The  poor  quality  of  bases  and  sockets  manufactured  at  pres- 
ent was  emphasized.  It  was  understood  'hat  there  had  been 
considerable  discussion  of  this  subject  and  that  many  improve- 
ments are  being  developed,  which  give  assurance  that  sat- 
isfactory lamp  fixtures  can  be  obtained  generally  in  about 
six  months. 

Emergency  Rim-Clamps 

The  Axle  and  Wheels  Division  has  voted  to  discontinue 
further  consideration  of  emergency  rim-clamps  and  the  Sub- 
division, consisting  of  ('.  ('.  Carlton,  chairman,  G.  L.  Lavery, 
J.  G.  Swain  and  H.  YV.  Kranz,  has  been  discharged. 

In  1920  the  problem  of  formulating  a  means  for  inter- 
changing different-size  rims  on  motor  trucks  was  assigned 
to  a  Subdivision  of  the  Truck  Division.  A  recommendation 
was  submitted  at  the  January,  1921,  Standards  Committee 
meeting,  but  referred  back  to  the  Division  for  further  con- 
sideration. This  recommendation  was  printed  in  the  Febru- 
ary. 1921,  issue  of  The  Journal.  The  subject  was  then 
referred  to  the  Axle  and  Wheels  Division,  the  Subdivision 
now  discharged  having  been  appointed  in  May,  L921.  The 
Subdivision  held  a  meeting  in  West  Baden  in  1921  in  which 
the  standardization  of  emergency  rim-clamps  was  very  thor- 
oughly discussed  and  the  decision  reached  that  everything 
that  had  been  suggested  up  to  that  time  was  impracticable. 

Felt  Specifications 

Specifications  for  felt  were  approved  at  the  April  meeting 
of  the  Parts  and  Fittings  Division  for  submission  to  the 
Standards  Committee  in  June.  The  complete  specifications 
C  the  general  classifications;  character,  such  as  "soft," 
"firm"  or  "hard";  width;  weight  per  running  yard  per  thick- 
ness; percentage  of  wool;  color;  tolerances  and  application. 
The  principal  specifications  are  given  in  Table  3.  The  com- 
plete specifications  will  be  published  in  the  June  issue  of  The 

Journal, 

The  specifications  are  to  be  circularized  among  felt,  axle, 


wheel,  body  and  automobile  manufacturers  and  the  specifi- 
cations reconsidered  in  the  Ifghl  of  any  comment  received  at 

thi'    Division   meeting  on   .May   15. 

Flexible  Discs 

The  1'arts  and  Fittings  Division  has  tabled  the  subject 
of  flexible  discs,  as  it  i-  of  the  opinion  that  interchanging 
discs  and  coupling  spiders  of  different  makes  is  net  desirable 
and  that  the  many  methods  of  Fastening  the  couplings  to 
the  discs,  affecting  such  standardization,  would  introduce 
patent  difficulties.  It  was  also  thought  that  it  would  be 
difficult  to  place  responsibility  in  eases  of  dispute  where 
parts  of  different  makes  are  used,  due  to  the  different  char- 
acteristics  of   the   material. 

Flywheel  Housings 

At  the  Engine  Division  meeting  held  on  April  17  it  was 
recommended  that  the  clearance  space  for  crankshaft  fly- 
wheel bolts  specified  in  the  present  S.A.E.  Standards  for 
Flywheel  Housings,  page  Al  of  the  S.A.E.  Handbook,  should 
be  revised.  The  present  standard  specifies  that  the  minimum 
diameter  of  the  clearance  space  for  crankshaft  flywheel  bolt 
nuts  shall  be  6%  in.  and  the  minimum  depth  %  in.  To 
allow  sufficient  clearance  when  U.  S.  Standard  nms  or  S.A.E. 
Standard  nuts  with  cotter-pins  are  used,  the  Division  rec- 
ommends that  the  minimum  diameter  of  the  clearance  space 
shall  be  6V£    in.  and  the  minimum  depth    %    in. 

Front-Axle  Hubs 

At  the  meeting  of  the  Passenger-Car  Front-Axle  Hubs 
Subdivision  held  on  April  7  further  progress  was  made 
on  motor-truck  and  passenger-car  front-axle  hub  standardi- 
zation. 

A  tentative  series  of  dimensions  for  passenger-car  front- 
axle  hubs  was  laid  out  based  upon  a  chart  showing  present 
practice  compiled  by  Cornelius  T.  Myers.  Definite  dimen- 
sions for  the  bearing  layout  are  still  to  be  determined,  as 
well  as  for  the  flange  and  bolt-circle  diameters  and  other 
detail  dimensions.  It  is  hoped  that  final  Subdivision  action 
can  be  taken  in  time  for  consideration  at  the  Axle  and 
Wheels  Division  meeting  in  May,  but,  as  it  is  wished  to  have 
the  final  Division  recommendation  receive  wide  consideration, 
it  is  not  planned  to  submit  it  for  final  action  at  the  Stand- 
ards Committee  meeting  next  month. 

The  Subdivision  recommended  that  a  supplementary  table, 
containing  data  on  tire  sizes  and  capacities,  weights  on 
front  axles  and  similar  data  upon  which  the  present  S.A.E. 
Recommended  Practice  for  Motor-Truck  Front-Axle  Hubs, 
page  Fib  of  the  S.  A.  E.  Handbook,  was  based,  be  published 
as  an  appendix  to  the  present  recommended   practice.     This 


TABLE   3 — FELT   SPECIFICATIONS 


scificatioi 
No. 

Class 

50-A 

Pad    Kelt 

i;o-a 

Pad  Felt 

70-A 

Pad   Felt 

80-A 

Pad   Felt 

70-B 

Pad   Felt 

80-B 

Pad  Felt 

tin  11 

Pad   Felt 

95-B 

Pad  Felt 

100-B 

Pad   Felt 

80-C 

Backcheck 

90-C 

Backcheck 

95-C 

Backcheck 

100-C 

Backcheck 

95-D 

Sheet  Felt 

Kiii-D 

Sheet  Felt 

100-E 

Upper  Felt 

100-F 

Upholstery 

80-G 

Channel 

90  G 

Channel 

96-G 

Channel 

100-G 

Channel 

Character 
Soft,  Lofty 
Soft,  Lofty 
Soft,  Lofty- 
Soft,  Lofty 
Firm,   Heavy 
Firm,  Heavy 
Firm,  Heavy 
Firm,  Heavy 
Firm,  Heavy 
Very  Firm 
Very  Firm 
Very  Firm 
Very  Firm 
Hard 
Hard 

Shoe  (Smooth  Firm) 
Smooth,  Firm 
Sole  (Very  Firm) 
Sole  (Very  Firm) 
Sole  (Very  Firm) 
Sole  (Very  Firm) 


Wool 
Percentage 
50  to  55 
60  to  65 
70  to  75 
80  to  85 
70  to  75 
80  to  85 
90  to  95 
95  to  100 
100 

80  to  85 
90  to  95 
95  to  100 
100 
100 
100 
100 
100 

80  to  85 
90  to  95 
95  to  100 
100 


Color 
Grey  and   White 
Grey  and   White 
Grey  and   White 
Grey  and   White 
Grey,  Black  and  White 
Grey,  Black  and  White 
Grey,  Black  and  White 
Grey,  Black  and  White 
Grey,  Black  and  White 
Grey,  Brown,  Pink,  Green,  White 
Grey,  Brown,  Pink,  Green,  White 
Grey,  Brown,  Pink,  Green,  White 
Grey,  Brown,  Pink,  Green,  White 
Grey,  White 


Grey,  White 
Grey,  Brown, 
Grey,  Brown, 
Grey,  Black 
Grey,  Black 
Grey,  Black 
Grey,  Black 


Black,  Pink,  Green,  White 
Black,  Pink,  Green,  White 
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action  was  taken  because  it  is  felt  that  the  recommended 
practice  as  published  at  present  is  incomplete  in  that  it 
does  not  explain  how  it  was  arrived  at  or  provide  any 
guide  for  the  designer  as  to  which  hub  and  spindle  size 
should  be  selected  for  a  given  application.  It  is  also  thought 
advisable  to  specify  the  diameter,  pitch  and  length  of  thread 
for  the  threaded-end  of  each  spindle,  to  make  the  recom- 
mended practice  of  real  value  to  the  manufacturers  and 
provide  a  suitable  means  for  securing  uniform  practice 
for  machining  axles  and  locking  the  bearings  on  the  spindle. 
The  desirability  of  establishing  a  standard  diameter  and 
pitch  of  hub-cap  thread  was  discussed.  It  was  thought  that, 
although  different  car-makers  usually  want  individual  hub- 
cap designs,  a  standard  could  be  formulated  that  would  be 
of  benefit  to  the  hub  and  wheel  manufacturers  without 
destroying  the  possibilities  of  individuality.  A.  S.  Van  Hal- 
teren  was  appointed  a  Subdivision  of  one  to  investigate 
the  possibility  of  such  standardization.  It  was  also  con- 
sidered desirable  to  specify  the  dimensions  for  square-neck 
hub-bolts  for  motor-truck  hubs.  It  was  decided  to  consider 
at  the  next  meeting  adopting  the  standard  formulated  by 
the  Wood  Wheel  Manufacturers  Association. 

Gasoline-Tank  Fillers 

The  limiting  of  gasoline-tank  filler-pipe  openings  to  a 
minimum  size  was  discussed  at  the  April  meeting  of  the 
Parts  and  Fittings  Division.  It  was  decided  that  passenger- 
car,  truck  and  gasoline-pump  manufacturers  should  be  cir- 
cularized as  to  their  present  practice  in  regard  to  the 
diameter  of  filler-pipe  openings  and  nozzle  sizes  and  as  to 
their  criticism  of  a  minimum  opening-diameter  of  2  in. 

Generator  and  Starting-Motor  Mountings 

The  present  standards  for  generator  and  starting-motor 
mountings  were  carefully  reviewed  at  the  meeting  of  the 
Electrical  Equipment  meeting  on  April  14,  a  report  being 
submitted  by  the  Subdivision  appointed  to  review  the  stand- 
ards. 

The  Subdivision  on  Generator  and  Starting-Motor  Mount- 
ings reported  that  the  standardization  of  generator  strap- 
mountings  is  not  feasible  in  view  of  the  widely  varying 
diameters  in  which  generators  are  built  and  because  there 
is  no  real  demand  for  such  a  standard.  It  was  therefore 
decided  to  table  this  subject  indefinitely. 

The  Subdivision  reported  that  the  generator  lengths  be- 
tween the  shoulders  of  the  shaft  cannot  be  standardized 
because  the  essential  differences  in  generator  design  require 
different  lengths.  As  it  was  felt,  however,  that  the  same 
shaft-end  can  be  standardized  for  both  ends  of  such  gen- 
erators, the  subject  was  referred  back  to  the  Subdivision 
for  further  consideration. 

The  action  taken  at  the  January  Standards  Committee 
meeting,  referring  back  for  further  consideration  the  revi- 
sion of  the  S.A.E.  Standard  for  Generator-Flange  Mountings, 
page  B17  of  the  S.A.E.  Handbook,  recommended  by  the 
Electrical  Equipment  Division,  was  reviewed.  It  was  stated 
that  for  ball-bearing  installations  there  would  be  no  ad- 
vantage, but  in  fact  the  disadvantage  of  added  cost  for 
larger  bearings,  in  changing  the  shaft  diameter  of  the 
small  size  to  that  for  the  shaft  diameter  of  the  large-size 
flange.  After  discussion  it  was  decided  that  no  attempt 
should  be  made  to  standardize  one  shaft  diameter  for  both 
sizes  of  generator  flange. 

Action  was  also  taken  towards  changing  dimensions  L 
from  1-25/32  to  1-13 '16  in.  and  dimension  M  from  1-15/16 
to  2-1/32  in.  as  recommended  by  the  Division  in  its  report 
to  the  Standards  Committee  meeting  last  January.  These 
changes  were  made  so  that  the  cotter-pin  hole  in  the  end 
of  the  shaft  will  provide  for  the  standard  overhang  of  the 
driving  gear,  a  standard  plain  washer  thickness  and  an 
S.A.E.  Standard  nut  assembly.  This  subject  was  referred 
back  to  the  Subdivision  with  instructions  that  a  definite 
layout  be  made  indicating  the  standard  gear  overhang  and 
the  plain  washer  thickness  as  a  check  on  the  changes  pro- 
posed. 

The  suggestion   that   a   flange  mounting  for  outboard  in- 


stallation, but  similar  to  the  present  starting-motor  sleeve 
mounting,  page  B20  of  the  S.A.E.  Handbook,  should  be 
adopted  by  the  Society  was  submitted  by  the  Subdivision. 
Sketches  were  shown  of  the  layouts  to  be  used  with  S.A.E. 
Standard  flanges  Nos.  1,  2  and  3,  page  B19  of  the  S.A.E. 
Handbook.  It  was  decided  to  refer  this  entire  subject  back 
to  the  Subdivision  with  instructions  to  report  proposed 
flange  mountings  having  the  same  overall  lengths  and  clear- 
ances as  those  shown  on  the  present  starting-motor  sleeve- 
type  mounting. 

The  Subdivision  reported  that  since  the  S.A.E.  Standard 
for  Starting-Motor  Flange  Mountings,  page  B19  of  the 
S.A.E.  Handbook,  had  been  changed  from  13/32  to  7/16 
in.,  a  number  of  complaints  had  been  received  and  that  the 
Subdivision  felt  that  an  error  was  made  in  adopting  the 
7/16-in.  diameter.  General  discussion  indicated  that  the 
13/32-in.  hole  should  provide  sufficient  clearance  for  easy 
assembling,  even  in  cases  where  the  holes  in  the  crankcase 
are  not  accurately  drilled,  and  that  the  change  had  been 
made  principally  for  tooling  purposes  and  the  selection  of 
drill  sizes  in  the  shop.  Action  was  taken  recommending 
that  the  flange  hole-diameters  should  be  changed  to  agree 
with  those  originally  adopted  by  the  Society. 

It  was  noted  that  in  some  installations  it  is  necessary 
to  assemble  the  starting  motor  in  the  flywheel  case  by 
using  studs  instead  of  bolts,  because  there  is  not  room  to 
get  the  bolts  into  the  casting,  but  that  the  manufacturers 
do  not  know  what  length  to  make  the  studs  because  there 
is  no  standard  thickness  for  the  starting-motor  flange.  It 
was  observed  that  in  some  generator  mountings  a  gasket  is 
used  under  the  flange,  but  that  it  was  not  possible  to  design 
these  gaskets  to  the  same  outline  as  the  flange  because  some 
of  the  dimensions  were  lacking.  It  was  decided  to  refer 
this  matter  to  the  Subdivision  in  order  that  a  report  might 
be  formulated  giving  the  maximum  thickness  for  starting- 
motor  and  generator  flanges  and  also  complete  dimensions 
for  the  contour  of  the  generator  flanges. 

Blueprints  were  submitted  showing  a  suggested  mount- 
ing for  airplane  starting-motors  used  extensively  at  the 
present  time  by  the  Government  and  several  airplane  build- 
ers. It  was  felt  that  the  whole  situation  with  regard  to 
airplane  design  is  in  such  an  unsettled  condition  that  it 
would  hardly  be  proper  to  adopt  a  particular  type  of  start- 
ing-motor mounting  at  this  time.  It  was  therefore  decided 
to  hold  this  subject  in  abeyance  until  practice  shall  have 
become    more    established. 

Ignition  Distributor  Mountings 

The  proposal  to  establish  a  definite  dimension  for  the 
distance  from  the  bottom  of  the  Type-B  distributor  mount- 
ing barrel  to  the  bottom  of  the  tongue  of  the  distributor 
half  of  the  coupling  was  discussed  at  length  at  the  April 
Electrical  Equipment  Division  Meeting.  It  was  felt  that 
this  dimension  should  be  definitely  established  rather  than 
leave  it  variable  as  now  specified  in  the  present  S.A.E. 
Standard,  page  B16  of  the  S.A.E.  Handbook.  It  was  there- 
fore recommended  that  this  dimension  be  specified  as  27/32 
in.  Changes  in  the  bore  tolerances  for  the  distributor 
couplings,  from  0.4930  in.  maximum  and  0.4920  in.  minimum 
to  0.4915  in.  maximum  and  0.4905  in.  minimum,  were  ap- 
proved, as  it  was  considered  that  the  proposed  tolerances 
will  be  satisfactory,  their  adoption  eliminating  as  much 
looseness  in  this  fit  as  possible. 

Involute  Splines 

The  subject  of  involute  splines  was  tabled  at  the  April 
meeting  of  the  Parts  and  Fittings  Division  as  it  was  felt 
that  such  standardization  is  not  practical. 

Magneto  Mountings 

The  Electrical  Equipment  Division  approved  the  Subdivi- 
sion report  on  magneto  mountings,  published  on  page  300 
of  the  April  issue  of  The  Journal,  for  submission  to  the 
Standards  Committee  in  June  as  S.A.E.  Recommended  Prac- 
tice. It  was  decided  to  include  timing-lever  dimensions  in 
accordance  with  the  present  standard   for  motorcycle  mag- 
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netos   which    specifies   an   advance-lever   radius   of   1.968    in. 
and  a  timing-lever  hole-diameter  of  0.2185  in. 

The    suggestion    by    L.    F.    Burger,    of    the    International 
Harvester   Co.,  that  the  flange   type  of  magneto  mountings 
for  stationary   engines   should    be  standardized  for  applica- 
where   it   is   impossible  to  use  the  base-mounted  type 
i -sod.      The   Division   felt   that   this   subject  should 
be  taken  up  and  the  following  Subdivision  was  appointed  to 
ami  prepare  a  report  on  it: 
A    I).  T.  Libby,  chairman   Splitdorf  1  1  Co. 

W.  F.  Borger  International  Harvester  Co. 

A.  '  .  Kleckner  W  ebstez  Electric  Co. 

A.  Rosner  American  Bosch  Magneto 

<  lorporation 
F.  L.  Tubbs  Alamo  Farm  Light  Co. 

Motorboat  Division  Meeting 
il  progress  was  made  on  several  subjects  at  the  Motor- 
Division  meeting  on   April   10,  the  first  meeting  since 

It  was  brought  out  that  standardization  of  voltage  rat- 
ings would  be  of  great  assistance,  present  practice  being 
such  that  many  electrical  devices  are  not  manufactured 
in  voltages  that  will  permit  their  use  on  small  motorboats. 
I'  was  thought  that  the  Motorboat  Lighting  Subdivision 
of  the  Lighting  Division  should  consider  the  advisability 
of  recommending  the  use  of  12  volts  for  combination  start- 
ing and  lighting  systems,  and  32,  64  and  110  volts  for  sepa- 
rate lighting  systems.  The  32  and  110-volt  ratings  are  now 
tied  in  the  S-A.E.  Recommended  Practice  for  Voltage 
and  Capacity  Ratings  for  Isolated  Electric  Lighting  Plants, 
page  B37  of  the  S.A.E.  Handbook. 

It  was  thought  that  the  present  S.A.E.  Standard  for 
Motorboat  Transmission  Couplings,  page  E7  and  E15  of 
the  S.A.E.  Hanhbook,  should  be  revised,  particularly  in 
reference  to  the  nuts  necessitated  by  the  design  of  certain 
couplings.  L.  Ochtman,  Jr.,  was  appointed  a  Subdivision 
of  one  to  review  these  standards  and  to  report  any  neces- 
.-  iry  revisions   at  the   next   meeting. 

L.  Ochtman,  Jr.,  was  appointed  also  to  serve  as  chairman 

of  a   Subdivision  to  obtain  information  on   tachometer-drive 

practice,  as  it  was  felt  that  this  is  a  very  important  subject 

for  standardization,  present  practice  being  such  that  charges 

installing  tachometers  are  extremely  high. 

The  suggestion  that  the  control  levers  that  come  as  part 
of  the  engine  equipment  should  be  standardized  so  as  to 
permit  the  use  of  such  levers  in  connecting  the  bridge-deck 
•  >ls  was  discussed.  It  was  stated  that  present  practice 
-  *uch  that  in  most  cases  the  levers  supplied  by  the  engine 
builders  must  be  thrown  away  as  they  are  not  suitable  for 
the  usual  installations.  F.  B.  Sexton  was  appointed  a  Sub- 
division of  one  to  study  this  problem  and  report  at  the 
next  meeting. 

Chairman  VanBlerck  said  that  previous  work  of  the  Divi- 
sion showed  that  there  was  absolutely  no  uniformity  of 
practice  as  to  the  height  of  the  engine  support  arms  from 
the  center-line  of  the  crankcase.  It  was  thought  that  stand- 
ardization should  be  limited  entirely  to  medium-duty  and 
high-speed  engines  for  pleasure  craft,  inasmuch  as  heavy- 
duty  engines  for  commercial  boats  are  much  wider  and  are 
not  as  a  rule  replaced.  It  was  thought  that  any  standardiza- 
tion should  be  based  on  the  engine  bore,  stroke  and  speed, 
rather  than  the  horsepower  which  varies  to  a  great  extent 
for  the  same  bore,  stroke  and  speed.  Mr.  Sexton  was  ap- 
pointed a  Subdivision  to  obtain  information  on  present  prac- 
tice and  report  back  at  the  next  meeting. 

It  was  also  thought  that  information  should  be  obtained 
as  to  the  location  of  the  exhaust  pipe. 

It  was  argued  that  the  engine  rotation  should  be  stand- 
ardized and  the  Standards  Department  was  instructed  to 
obtain  information  on  present  practice. 

It  was  brought  out  that  present  practice  for  stuffing-boxes 
varies  to  a  very  great  extent.  It  was  considered  that  the 
length  of  the  stuffing-box  depends  entirely  upon  the  diameter 
of  the  shaft.  William  J.  Deed  was  appointed  a  Subdivision 
to  formulate  a  report  on  this  subject  for  presentation  at  the 
next  Division  meeting. 


The  standardization  of  diameter  tolerances  for  propeller 
shafting  was  discussed.  It  was  understood  that  Vice-Chair- 
man Brautigam  would  communicate  with  W.  H.  Bassett,  of 
the  American  Brass  Co.,  a  member  of  the  Non-Ferrous  Met- 
als Division,  as  to  the  advisability  of  the  Non-Ferrous  Metals 
Division  formulating  a  specification  covering  propeller 
shafting. 

Nomenclature  Division  Meeting 
The  extension  of  the  present  S.A.E.  Standards  for  Auto- 
mobile Nomenclature  to  cover  all  automotive  apparatus  was 
undertaken  at  the  meeting  of  the  Nomenclature  Division 
on  April  3.  The  automotive  industry  was  divided  into  the 
following  seven  general  groups  as  a  basis  upon  which  to 
work : 

Aeronautics  Power  Farming 

Highway  Transport  Stationary-Engine 

Industrial  Service  Operation 

Motorcycling  Water  Transport 

These  general  groups  were  subdivided  into  the  main  types 
of  apparatus  belonging  to  each  and  the  types  further  divided 
into  sub-classifications.  Sub-divisions  were  appointed  to  con- 
sider each  of  the  general  groups  and  to  prepare  complete 
tentative  nomenclatures.  It  was  understood  that  each  Sub- 
division would  be  enlarged  by  the  Sub-division  chairman  in 
order  that  qualified  men  might  cooperate  in  drafting  the 
nomenclature   for  the  various  types  of  apparatus. 

Pipe  Fittings 

F.  G.  Whittington  and  W.  H.  Hollister  have  been  appointed 
a  Subdivision  to  review  the  present  S.A.E.  Recommended 
Practices  for  fuel  and  lubricating  pipe  fittings,  for  both 
soldered  and  compression  types,  pages  C46  and  C47  of  the 
S.A.E.  Handbook. 

Plate  Glass 

The  Passenger-Car  Body  Division  Subdivision  on  Plate 
Glass  is  cooperating  with  a  committee  organized  by  the 
Bureau  of  Standards  on  which  is  represented  the  American 
Institute  of  Architects,  the  Treasury  Department,  the  Bu- 
reau of  Standards,  the  Glass  Distributors  Association,  the 
Plate  Glass  Manufacturers  Association,  the  Sash  and  Door 
Association  and  window  and  wire-glass  manufacturers. 

Roller  Chains 

At  the  January  Standards  Committee  Meeting  the  mini- 
mum breaking-strength  recommended  for  adoption  by  the 
Chain  Division  was  discussed  at  length  by  several  members 
of  the  Committee.  This  discussion  was  printed  on  page  121 
of  the  February  issue  of  The  Journal. 

The  criticisms  brought  out  in  this  discussion  were  care- 
fully considered  by  the  Technical  Subcommittee  on  Chains 
and  Sprockets,  and  the  following  points  have  been  agreed 
upon  by  the  engineers  of  the  principal  manufacturers  of  roller 
transmission  chains  in  this  country. 

(1)  The  selection  of  a  chain  for  power  transmission 
should  not  be  based  upon  the  breaking  strength, 
but  upon  the  allowable  working  load  for  the  con- 
ditions of  the  drive 

(2)  Designers  who  wish  to  know  the  approximate 
breaking-strength  of  a  chain  have  a  right  to  that 
information,  and  chain  makers  are  willing  to  give 
it,  provided  they  can  protect  themselves  against 
those  who,  through  ignorance,  insist  upon  select- 
ing their  chains  solely  on  the  basis  of  breaking 
strengths 

(3)  The  publication  of  a  variety  of  strengths  for 
chains  of  the  same  class  is  misleading  to  many 
buyers;  and  creates  the  impression  that  chain  mak- 
ers are  vying  with  one  another  with  respect  to  this 
feature  that  the  buyers  seem  to  regard  as  of  first 
importance  in  the  attainment  of  the  highest  quality 

(4)  Chain  makers  are  therefore  in  favor  of  publishing 
minimum  breaking-strengths,  with  the  understand- 
ing that,  although  the  average  strengths  will  run 
much  higher,  they  will  not  be  guaranteed;  nor  are 
they  considered  necessary,  since  the  published  mini- 
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mum-strengths  are   four  or  five  times  as  high  as 
the  maximum  published  working  loads 

(5)  If  one  chain  maker  adds  10  or  15  per  cent  to  the 
ultimate-strength  of  his  chain  without  increasing 
the  pin  bearing  area  or  the  wearing  quality  of  the 
parts,  the  allowable  working  load  will  not  be  in- 
creased, and  his  chain  will  not  be  capable  of  trans- 
mitting any  greater  horsepower.  This  increase  in 
strength  will  generally  be  at  the  expense  of  light 
weight,  or  of  the  desirable  shock-absorbing  qual- 
ity, or  of  the  tight  grip  between  assembled  parts. 
Hence  a  publication  of  this  feature  will  tend  to 
mislead  the  innocent  and  unwary  who  are  inclined 
to  base  their  selection  of  a  chain  upon  breaking 
strength  alone 

(6)  The  advance  of  the  chain  drive  as  an  efficient  and 
durable  medium  for  the  transmission  of  power  re- 
quires that  misconceptions  be  abolished,  and  that 
the  attention  of  chain  users  be  drawn  away  from 
the  non-essentials,  such  as  breaking-strength  and 
polished  side-plates,  and  fixed  upon  the  essentials, 
such  as  working  loads,  speeds,  number  of  teeth  and 
sprocket  tooth-forms 

(7)  The  publication  of  uniform  minimum  breaking- 
strengths  for  standard  chains  is  a  .step  in  this 
direction 

Spring  Shackle-Bolts 

A  Subdivision  report  on  Spring  Shackle-Bolts  was  sub- 
mitted at  the  meeting  of  the  Parts  and  Fittings  Division  in 
April.  It  is  expected  that  this  report  will  be  finally  approved 
at  the  May  Division  meeting  and  submitted  for  consideration 
at  the  meeting  of  the  Standards  Committee  in  June. 

Springs  Division  Meeting 
At  the  Springs  Division  meeting  on  March  14  Chairman 
Hess  stated  that  it  is  generally  felt  among  spring  manufac- 
turers that  the  S.  A.  E.  Springs  Division  could  do  much  in 
the  way  of  revising  existing  standards  and  developing  new 
ones  for  the  spring  industry.  As  it  was  thought  that  the 
best  way  to  accomplish  this  is  by  assigning  the  work  to  Sub- 
divisions, each  Subdivision  to  hold  meetings  as  frequently 
as  necessary  for  the.  preparation  of  reports  on  the  several 
subjects  assigned  to  them,  the  following  Subdivisions  were 
appointed  and  subject  assignments  made: 

SUBDIVISION  A 
Personnel 
H.  R.  McMahon,  Standard  Steel  Spring  Co. 

chairman 
E.  S.  Corcoran  Kelly-Springfield  Motor  Truck  Co. 

E.  V.  Rippingille  Watson  Stabilator  Co. 
Subjects  Assigned* 

Leaf-Spring  Nomenclature,  HI  and  H2 

Leaf  Points,  H2 

Lubricating  of  Springs 

Prime  Painting  of  Springs 

Spring  Rebound  Clips,  Spacers  and  Bolts,  H3 

Spring  Center-Bolts,  H4 

Finish  of  Springs,  H2 

SUBDIVISION  B 
Personnel 

S.  P.  Hess,  chairman  Detroit  Steel  Products  Co. 

W.  M.  Newkirk  William  &  Harvey  Rowland,  Inc. 

R.  S.  Begg  Jordan  Motor  Car  Co. 

F.  A.  Whitten  General  Motors  Truck  Co. 
Subjects  Assigned  ' 

Spring  Specifications,  H10  to  H19 

Motor- Vehicle  Manufacturers  Specifications 

Spring  Manufacturers  Data 

Recommended  Assembly  Practice 

Outgoing  and  Incoming  Inspection 

Flexibility  Test 

Capacity  Test 

Brinell  and  Transverse  Bend  Tests 

Shrunk  Center-Bands 


1  Numbers  refer  to  S.A.E.  Handbook  page  references. 


SUBDIVISION  C 
Personnel 

H.  E.  Figgie,  chairman    Perfection  Spring  Co. 

Gustof  Peterson  Electric  Alloy  Steel  Co. 

Subjects  Assigned ' 

Wrapped  Spring-Eyes,  H4 

Test  for  Parallelism  of  Spring-Eyes,  H5 

Spring-Eye  Bushing  and  Bolt  Tolerances,  H5 

Width  of  Spring-Ends,  H6 

Frame  Brackets  for  Springs,  H6 

Spring  Offsets  and  Resulting  Ends,  H7 

It  was  thought  advisable  to  define  adequately  terms  com- 
monly used  by  the  spring  industry,  in  a  manner  similar  to 
that  followed  in  the  Iron  and  Steel  Standards  recently 
adopted.  It  was  stated  that  there  is  some  confusion  as  to 
the  difference  in  meaning  between  spring  "deflection"  and 
"displacement."  Mr.  McMahon  was  requested  to  prepare 
definitions  for  these  two  terms  for  consideration  at  the  next 
meeting. 

There  was  some  discussion  as  to  establishing  a  new  stand- 
ard for  the  finish  of  springs,  but  it  was  stated  that,  as  the 
present  designations  cover  practically  all  leaf-spring  prac- 
tice, any  other  kinds  of  finish  should  be  considered  special. 

It  was  suggested  that  a  standard  should  be  formulated  for 
practice  in  lubricating  leaf-springs  when  shipped  from  the 
maker  to  the  buyer.  It  was  explained  that  some  purchasers 
require  their  springs  shipped  lubricated,  while  others  order 
them  dry,  and  that  in  most  cases  where  springs  are  lubri- 
cated this  interferes  with  their  painting  when  assembled  in 
the  vehicle.  It  was  therefore  decided  not  to  attempt  to  stand- 
ardize this  practice,  but  to  request  the  Lubricants  Division 
to  suggest  which  type  of  lubricant  is  best  for  leaf-springs. 

The  Division  discussed  at  some  length  the  desirability  of 
specifying  a  standard  priming-coat  of  paint  for  leaf  springs 
inasmuch  as  this  practice  seems  to  be  growing.  It  was 
thought  that  it  would  be  practically  impossible  to  develop  a 
satisfactory  standard  specification  for  priming  paint  and  that 
the  best  method  of  handling  this  subject  is  to  provide  for 
information  on  spring  specification  sheets  as  to  whether  or 
not  springs  should  be  given  a  priming  coat. 

Attention  was  given  also  to  the  possibility  of  specifying- 
the  color  of  the  priming  coat,  but  it  was  decided  that  this 
should  be  left  to  the  paint  manufacturer  and  spring  maker. 

It  was  generally  agreed  that  a  "Spring  Makers'  Information 
Sheet,"  on  which  definite  complete  data  can  be  uniformly  re- 
corded for  all  purchasers,  is  very  desirable.  It  was  decided 
that  Subdivision  B  should  give  this  matter  further  considera- 
tion and  draft  such  a  sheet  for  inclusion  in  the  S.  A.  E. 
Standard  for  "Spring  Specifications." 

As  it  has  been  found  that  many  vehicle  builders  do  not 
exercise  proper  care  in  assembling  springs  in  vehicles,  it 
was  decided  that  Subdivision  B  should  consider  this  subject 
and  draft  a  brief  set  of  instructions  to  be  included  under 
"Spring  Specifications." 

The  troubles  experienced  by  spring  makers  due  to  inspec- 
tion methods  and  the  rejection  of  springs  was  discussed  and 
it  was  thought  that  definite  information  in  this  connection 
could  be  published  to  advantage.  This  subject  was  there- 
fore referred  to  Subdivision  B  for  study. 

The  present  standard  flexibility  tests  were  discussed  and, 
as  it  was  thought  they  could  be  materially  improved,  the 
subject  was  referred  to  Subdivision  B  for  further  consid- 
eration. 

Mr.  McMahon  stated  that  the  subjects  of  Brinell  and 
Transverse  Bend  Tests,  which  were  discussed  by  the  Iron  and 
Steel  Division  some  time  ago,  are  of  importance  to  the  spring 
manufacturers  and  that  he  is  now  working  closely  with  one 
of  the  large  automobile  companies  in  the  development  of 
such  tests. 

It  was  proposed  that  the  threads  specified  for  the  S.  A.  E. 
Standard  for  Spring  Center-Bolts  should  be  changed  from 
S.  A.  E.  to  U.  S.  Standard  because  trouble  had  been  experi-  , 
enced  through  the  stripping  of  the  S.  A.  E.  threads.  Chair- 
man Hess  reviewed  the  consideration  of  this  matter  by  the 
Division  several  years  ago  and  stated  that  it  would  be  a  mis- 
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to  go  back  to  th<-   U.  S.   Standard.     It   was  decided  to 
this  matter  to  Subdivision    \  tor  Further  study. 
Tin1  objections  raised  by  vehicle  builders  on  a  number  of 
ions  to  tile  present  tolerances  for  parallelism  were  re- 
viewed and  discussed,  the  thought  being  advanced  thai  the 
tolerances  should  be  specified  for  truck  and  passenger 
cars,   it  being   largely  the   function   of  the   spring   maker   to 
maintain   these  tolerances.     It   was   stated   that   much  of   the 
trouble   is   due  to   misalignment  of   axles   and   frames,   which 
interferes  with  easy  assembly  of  Springs  even  when  the  par 
allelism  tolerances  are  maintained.     The  subject  was  referred 
to  Subdivision   C   for   an   investigation   of   tolerances  that  are 
allowed  on  frames  and  axles   and   a   reconsideration   of   the 
spring  parallelism  tolerances. 

\-  it  was  felt  that  the  S.  A.  E.  Recommended  Practice  for 
Spring- Eye  Bushing  and  Bolt  Tolerances  should  not  specify 
tolerances  for  any  of  the  bolts  inasmuch  as  these  tolerances 
should  be  controlled  by  the  bolt  manufacturers  in  accordance 
with  the  tolerances  set  for  the  bolt-holes,  it  was  voted  to 
omit  this  part  of  the  specification.  It  was  stated  that  the 
present  S.  A.  K.  Recommended  Practice  for  Spring  Frame 
Brackets  is  neither  complete  nor  uptodate  and  that  it  is 
logically  a  subject  affecting  the  frame  rather  than  the  spring 


ifacturer.  It  was  therefore  decided  to  recommend  that 
the  present  recommended  practice  on  page  lit!  of  the  S.  A.  E. 
H  wdbook  be  cancelled  and  to  refer  this  subject  to  the  Frames 
I  livision. 

It  was  suggested  that  the  length  of  rear  springs  for  Cai 
weights  of  less  than  2500  lb.  should  lie  increased  because  the 
Stiffness  of  springs  has  decreased  about  40  per  cent  during 
the  past  four  years  and  longer  springs  are  needed  to  obta  a 
proper  riding  qualities.  This  subject  was  referred  to  Sub- 
division C  for  further  consideration. 

Wire  Mesh 

As  information  on  present  wire-mesh  usage  indicates  a 
wide  range  of  practice,  a  Subdivision  of  the  Parts  and  Fit- 
tings Division  has  been  appointed  to  prepare  a  report  on  its 
standardization.  It  is  thought  that  the  present  range  of  wire- 
sizes  and  meshes  can  be  considerably  reduced,  and  that  a 
standard  can  probably  be  established  for  the  kind  of  weave, 
sizes  of  wire  and  mesh,  with  possibly  a  supplementary  table 
showing  the  percentage  of  opening  per  square  inch  for  each- 
mesh.    The  following  Subdivision  was  appointed: 

Clarence  Carson,  chairman     Dodge  Bros. 

E.  W.  Weaver  Weaver  &  Kemble 
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IT  was  in  the  spring  of  1919  that  the  payment  of  principal 
and  interest  on  the  Allied  debts  was  suspended.  The 
suspension  was  literally  forced  by  the  increasing  gravity  of 
the  international  situation.  Europe  has  been  purchasing 
American  goods,  for  which  she  has  been  unable  to  pay  ex- 
cept with  funds  from  our  own  pocket.  By  private  loans, 
the  repurchase  of  securities  held  abroad  and  direct  credits 
by  our  Government,  we  had  advanced  some  $13,000,000,000 
to  finance  these  necessary  purchases  of  our  goods  by  Eu- 
rope. When  in  the  spring  of  1919  the  foreign  exchanges 
wire  unpegged,  and  our  Government  ceased  its  advances  of 
credit,  the  foreign  exchanges  fell  heavily.  Despite  the  vio- 
lent dislocation  of  the  exchange  machinery,  the  extraordin- 
ary flow  of  goods  to  Europe  continued,  our  exports  in  1919 
and  1920  being  the  largest  in  our  history.  Nothing  could 
indicate  more  clearly  the  continued  need  of  Europe  for 
American  help.  So  great  has  been  Europe's  need  that  her 
importers  have  had  to  be  carried  on  short  time  by  our  ex- 
porters and  bankers,  the  extent  of  this  floating  indebtedness 
being  probably  not  less  than  $1,500,000,000  at  the  present 
time.  In  other  words,  far  from  Europe's  being  able  to  make 
interest  payments  on  debts  incurred  during  the  war  period, 
we  have  had  conclusive  proof  of  Europe's  inability  to  pay- 
even  for  her  current  purchases.  Until  this  situation  changes 
it  is  idle  to  suppose  that  Europe  can  undertake  an  annual 
payment  of  $550,000,000  on  the  Allied  debt  to  us  in  addi- 
tion to  her  payments  for  her  current  imports,  interest  on 
private  loans  and  other  obligations  that  have  been  incurred 
at  various  times. 

Even    if   Europe   could    pay   at    this    time,    it   is    doubtful 


whether  the  American  people  would  be  prepared  to  accept 
the  payment.  Despite  the  numerous  explanations  given  by 
the  economists  in  recent  years,  there  apparently  still  lingers 
in  the  public  mind  the  fallacy  that  a  payment  from  nation 
to  nation  is  not  materially  different,  in  form  and  conse- 
quences, from  a  payment  by  one  individual  to  another.  It 
is  a  commonplace  of  economics  that  any  large  international 
payment  ultimately  must  be  made  in  goods.  Our  studies  of 
the  balance  of  payments  of  the  United  States  have  indi- 
cated conclusively  that,  the  resumption  of  the  interest  pay- 
ments on  the  Allied  debts  would  cause  our  export  balance  to 
disappear. 

That  the  overturn  of  our  trade  balance  is  not  in  itself 
undesirable  is  amply  proved  by  the  experiences  of  Great 
Britain  and  Germany  in  the  two  or  three  generations  pre- 
ceding the  war.  Though  they  had  a  large  unfavorable  bal- 
ance of  trade,  representing  the  earnings  of  their  foreign  in- 
vestments, of  the  merchant  marine  and  other  sources  of 
income,  the  large  imports  did  not  prevent  their  building 
up  the  largest  export  trade  possessed  by  any  nation  of  the 
world.  This  is  a  sufficient  answer  to  the  fears  so  commonly 
expressed  in  this  country  that  European  payments  of  inter- 
est, even  at  some  future  time,  would  flood  our  markets  with 
foreign  goods  and  ruin  our  export  trade.  Granting,  how- 
ever, that  an  eventual  excess  of  imports  need  possess  no 
terrors  for  us  and  might  indeed  be  eminently  desirable,  we 
may  well  ask  ourselves  whether  we  wish  to  see  this  change 
occur  suddenly,,  without  proper  opportunity  to  adjust  our 
industry  to  it. — J.  H.  Williams  in  Journal  of  American 
Bankers  Association. 


ACTIVITIES  OF  THE  SECTIONS 

(Concluded  from  page  432) 


entitled  Some  Notes  on  Motor  Trucks.  Mr.  Myers  treated 
several  topics,  among  these  being  truck  chassis  lubrication, 
comparative  wear  of  tires  mounted  on  wood  and  on  steel 
wheels,  and  the  possibilities  of  rear-axle  standardization.  A 
lively  and  valuable  discussion  was  had. 

On  May  25  the  Pennsylvania  Section  will  either  hold  an 
outing  at  Torresdale  or  a  Body  Engineering  Meeting. 

d-West  Section— The  subject  of  the  Mid-West  Section 
meeting  of  April  14  was  Commercial  Fuels.  W.  O.  Hinkley, 
of  the  Peoples  Gas.  Light  &  Coke  Co.,  read  the  principal 
paper,  the  title  of  this  being  Actions  and  Results  of  Benzol 


as  an  Automotive  Fuel.  In  another  paper  the  use  of  alcohol 
as  an  automotive  fuel  was  considered.  The  discussion  fol- 
lowing the  two  papers  waxed  hot  at  times  but  all  present 
enjoyed  the  meeting  and  obtained  a  more  intimate  knowledge 
of  the  characteristics  of  motor  fuels. 

The  results  of  the  balloting  for  officers  of  the  Section  were 
announced,  the  large  percentage  of  the  Section  members 
voting  being  gratifying  as  indicating  their  real  interest  in 
the  Section's  affairs. 

At  the  May  12  meeting  of  the  Mid-West  Section  Funda- 
mental  Losses   in   Automotive  Apparatus  will   be  discussed. 
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Applicants 

for 

Membership 


The  applications  for  membership  received  between  March 
18  and  April  15,  1922,  are  given  below.  The  members  of 
the  Society  are  urged  to  send  any  pertinent  information 
with  regard  to  those  listed  which  the  Council  should  have 
for  consideration  prior  to  their  election.  It  is  requested 
that  such  communications  from  members  be  sent  promptly. 


Abbey,   Frank   Gordon,   student.   Ohio   State   University,   Columbus 
Ohio. 

Adams,   Conrad  A.,   assistant   professor  of  mechanical   engineering, 
Tufts  College   Engineering  School,   Tufts  College,  Mass. 

Allen.   Stanley  C,   experiment  engine  laboratory,   Reo  Motor  Car 
Co.,  Lansing,  Mich. 

Bachle,  Andrew,  vice-president  engineering  division,  Paige  Detroit 
Motor  Car  Co.,  Detroit. 

Bayerline.    J.    George,    president    and    general    manager,    Columbia 
Motors  Co.,  Detroit. 

Berkowitz,   Samuel,   president   and  engineer,  Automotive   Products 
Corporation,  Hazleton,  Pa. 

Bischoff,  Hal  C.  lecturer  and  instructor,  Sweeney  Automobile  and 
Tractor  School,  Kansas  City,  Mo. 

IBocz,    Alex   J.,    mechanical    engineer   and    designer,    2169    Richton 
Avenue,  Detroit. 

Boyee,  Ralph  L„  student,  Ohio  State  University,  Columbus,  Ohio 

Broock,  Harold.   80  Longfellow  Avenue,  Detroit. 

Brown,    John   W..    general    manager,    John    W     Brown    Mfg.    Co., 
Columbus,  Ohio. 

Browning,  William   E.,   civilian    instructor.   Air   Service  Mechanics 
School.  Chanute  Field,  Rantoul.  III. 

Bucher,  Clarence  Dean,  student,  Ohio  State  University,  Columbus, 
Ohio. 

Burton.  Robert  B.,  chief  draftsman,  Rolls-Royce  of  America,  Inc., 
Springfield,  Mass. 

Cartwright,    Robert   F.,    student.    New   York    Telephone    Co.,    New 
York   City. 

Castle,  D.  W..  instructor,  Y.  M.  C.  A.,  Omaha,  Neb. 

Cate,     Garth    W.,     general    manager,     Flexo-Motive     Corporation. 
Chicago 

Chase,  Irwin,  chief  engineer,  Elco  Works,  Bayonne,  N.  J. 

Chesebro,  C.  M.,  chief  engineer,  Detroit  Motor  Co'..  Washington,  Pa. 

Clark,  Oliver  H..  body  engineer,  Zeder-Skelton-Breer  Engineering 
Co.,  Newark,  N.  J. 

Cobb,  Carroll  J.,  student,  Ohio  State  University.  Columbus,  Ohio. 

Coffey,   Harry   L.,   draftsman,    716   West   Front   Street,   Plainfield, 
N.  J. 

Cook.  Harmon  J.,  works  manager.  Standard  plant.  Torrington  Co., 
Torrington,  Conn. 

Crissman.  Ira  Stanley,  wheel  engineer,  Disteel  Wheel  Corporation, 
Detroit. 

DuEat.   Barton   E..   engine   draftsman.    Zeder-Skelton-Breer   Engi- 
neering Co.,  Newark,  N.  J. 

Eby,  Earl  E.,  service  manager,  Remy  Electric  Co..  Anderson,  Ind. 

Felbhck.    George    T.,    research    assistant,    University    of    Illinois, 
Urbana,  III. 

Forrest.    Clifford   L.,    student,    Ohio   State   University,    Columbus, 
Ohio. 

Frankland,   Edwin,   master   mechanic   and    tool   engineer,   General 
Motors  Truck  Co.,  Pontiac,  Mich. 

Garrison,  R.  L.,  student.  Agricultural  College  of  Utah.  Ltgan.  Utah. 


Girdwood,   R.  F..  automobile  sales  manager  and   engineer,  Ledoux 
Jennings,  Ltd.,  Montreal,  Canada. 

Hadley,  Newton  F,  engineer,  Willys  Corporation,  Elisabeth,  N.  J. 

Harris,  First-Lieut.  Harold  R.,  Air  Service,  McCook  Field,  Dayton. 
Ohio. 

Hawley,  B.  T.,  engineer,  Holt  Power  Light  Co.,  Detroit. 

Hemeon,  J.  Russell,  student,  Massachusetts  Institute  of  Technology, 
Cambridge,  Mass. 

Hendricks,  L   R.,   instructor,  Youngstown  Institute  of  Technology. 
Youngstown,  Ohio. 

Hulet,  Leroy  E.,  1744  Coventry  Road,  Cleveland  Heights,  Ohio. 

Johnson.  C.  Morrison,  student,  University  of  Washington,  Seattle, 
Wash. 

Kaiser,  August,  body  designer  and  draftsman,  Zeder-Skelton-Breer 
Engineering  Co.,  Newark,  N.  J. 

Kauffman.  Alfred,  vice-president  and  general  manager,  Link-Belt 
Co.,    Indianapolis. 

Keller,  Alex  W..  assistant  to  general  superintendent.  Atlas  Powder 
Co.,  Wilmington,  Del. 

Lewenthal,    Allen,    service    manager.    Smith    Motor    Sales    Co., 
Phoenix,  Ariz. 

Lewis.    Robert   H..    assistant    superintendent,    Maccar    Truck    Co., 
Scranton,  Pa. 

Lindecker,   Joseph   Brigham,   student,   Ohio  State   University,   Co- 
lumbus, Ohio. 

Lomer.   Rowland  E.,   instructor,   Motor   Transport   Training  School, 
Camp  Holabird,  Baltimore,  Md. 

Lytle.    R.   W.,   assistant   chief   engineer,    Stephens   motor    works    of 
Moline  Plow  Co.,  Freeport,  III. 

McNaught,  A.  Stanley,  assistant  engineer,  Clutha  Works,  Glasgow, 
Scotland. 

MacLellan.  W.  Adair,  assistant  engineer,  Clutha  Works,  Glasgow, 
Scotland. 

Marks.   E.   S..    Jr..    assistant   engineer,    H.    H.    Franklin    Mfg.   Co., 
Syracuse,  N.  Y. 

Marty.  Wilfred  N..  assistant  chief  inspector,  Wright  Aeronautical 
Corporation,  Paterson,  N.  J. 

Miller.  Henry  J.,  draftsman,  Zeder-Skelton-Breer  Engineering  Co., 
Newark,  N.  J. 

Mooshrugger,  Joseph,  airplane  structural  designer.  Dayton  Wright 
Co.,  Dayton,  Ohio. 

Overton,  Carl  I.,  vice-president,  Bassick  Mfg.  Co.,  Chicago. 

Parker.  Linus  J.,  designer.  H.  H.  Franklin  Mfg.  Co.,  Syracuse,  N.  Y. 

Percy.   Leon,   general   manager,   Cooper   Storage   Battery  Mfg.  Co., 
Madisonville,  Ohio. 

Perry.  James  W.,  general  manager  automobile  equipment  and  elec- 
trical departments,  JohnSrManville,  Inc.,  New  York  City. 

Richardson.    Herman    E.,    instructor.    Motor    Transport    Training 
School,  Camp  Holabird,  Baltimore,  Md. 

Rodier,  Edward  J.,  engineer  and  director  of  sales,  Dempsey  Cycle 
Co.,  Philadelphia. 

Roesinger.   Herbert,   chief  engineer,   Cleveland  City   Forge  &  Iron 
Co.,  Cleveland. 

Rothe,  Walter   C,  designer,   Zeder-Skelton-Breer  Engineering  Co.. 
Newark,  N.  J. 

Sherriff,  S.  S.,  chief  road  mechanic.  Armour  &  Co.,  Chicago. 

Simpson,  Thomas,  managing  director,  Clutha  House,  Westminster, 
London,  England. 

Skelton.  O.  R.,  vice-president,  Zeder-Skelton-Breer  Engineering  Co.. 
Newark,  N.  J. 

Skinner,   Ralph   L.,   Skinner  Automotive  Device.  Sacramento,  Cal. 

Somerby,  Charles  T.,  secretary  and  service  manager,  United  Motor 
Car  Co.,  Trenton,  N.  J. 

Sweet.   Mahlon  E.,   partner  and   supervissr  of  shop,   Sweet  Drain 
Automobile  Co.,  Eugene,  Ore. 

Tannhauser,  W.   F.,  general   manager,   Mar  Tan  Motor  Mfg.   Co., 
Milwaukee,  Wis. 

Texada,  G.  P.,  engineer,  H.  H.  Franklin  Mfg.  Co.,  Syracuse,  N.  Y. 

Tilgham.  Richard  C.  Instructor.  Motor  Transport  Training  School, 
Camp  Holabird,  Baltimore,  Md. 

Towt.er.  Joseph  C,  service  manager  Autolec  Co.,  Inc.,   Worcester, 
Mass. 

Tuthill,   Leon,   shop  superintendent,   Reo   Motor  Car  Co.   of  New 
York.  New  York  City. 


Vol.  X 


May,  1922 


APPLICANTS  QUAI.Il'IKI) 


441 


Vogel.   Frank   1.'.   Btudent,    Sun.'    University   of  Iowa.    Iowa   City, 
Iowa. 

Wahlboro,  Ewaid  G.,  body  draftsman  and  designer,  Zeder-Skelton- 
Breer  Engineering  Co..  Newark,  X.  J. 

HURT  B..  chassis  engii  ■  Skelton-Breer  Engi- 

neering Co.,  Newark,  S   J. 

White.    Robert    B..    lubrication    engineer,    Taxman     K. lining    Co., 
Ch  ieago. 

en'den    TimsiAS  H  .  englni  ige  of  methods  and  speci- 

fications.  Zcder-Skelton-Brccr   Engineering   Co.,   Newark,  .V.   J. 

•  \.  Merrill  m.  seen  i  treasurer,   \\    coi    Motor  Parts 

&  Mfg.   Co..   Saginaw,  Mich. 

Williams.  Arthur  Howard,  research  engineer.  Zcder-Skclton-Breer 
Engineering  Co..  Newark,  -V.  J. 

Winter.  Paul  H..  chief  draftsman,  Maccax  Truck  Co.,  Soranlon.Pa. 

ZlMMBasm,   Mark   Eugene,  assistant  chief  engineer,  Kokomo   Brass 
Works,   Kvkomo,  Ind. 


Applicants 
Qualified 


The  following  applicants  have  qualified  for  admission  to 
the  Society  between  March  10  and  April  10,  1922.  The 
various  grades  of  membership  are  indicated  by  (M)  Mem- 
ber; (A)  Associate  Member;  (J)  Junior;  (AIT)  Affiliate; 
(9  M)  Service  Member;  (F  M)  Foreign  Member;  (E  S) 
Enrolled  Student. 


Aih'.vms.  Charles  D.  (A)  sales  engineer.  Bearings  Co.  of  America. 
Lancaster,  Pa. 

Anderson,  Robert  A.  (A)  general  manager.  Victory  Hammered 
Plstdn  Ring  Co..  Newark,  S.  J  ,  (mall)    2S2  South  Street. 

BARBECK,  Peter  (A)  master  mechanic.  F.  V.  F.  Machine  Wrorks, 
New  Tork  City,   (mail)   134  Christopher  Street. 

Bassett.  Cyrus  "W.  (A)  sales  engineer.  Bethlehem  Steel  Co., 
Bethlehem,  Pa.,  (mail)   62  East  Market  Street. 

Batbutt.  John  W.  (J)  draftsman,  Selden  Truck  Corporation, 
Rochester,  IT.  Y.,  (mail)   16  Seneca  Park  Circle. 

Bb.mtiiamp,  Stafford  D.  (E  S)  student,  Georgia  School  of  Tech- 
nology, Atlanta,  Go.,  (mail)    214  Forrest  Avenue,  Apartment  4. 

Bishop.  Walter  W..  Jr.  (J)   test  engineer,  engineering  division.  Air 
ce,  McCook  Field,  Dayton,  Ohio,  (mail)   815  Grand  Avenue. 

m,  Horace  H.  (A)  vice-president  and  general  manager,  Dura 
Mechanical  Hardware  Co.,  Toledo,  (mail)  2280  South  Albion 
Street. 

Burtnett,  Everett  R.   (A)   5912  Woodlawn  Avenue,  Los  Angeles. 

Transportation  (Aff )  10th  Avenue  and  36th  Street.  New  York 
City. 

Representative:  Carl  Stocks,  managing  editor. 

CARSON,  Rat  Edgar  (E  SI  student,  Purdue  University.  Lafayette, 
Ind.,    (mail)    406   North   Ellsworth  Street,    West  Lafayette,   rnd 

Christiansen.  Svend  A.  (.1)  test  engineer,  engineering  division, 
Air  Service.  McCook  Field.  Dayton,  Ohio,  (mail)  211  East 
Herman  Avenue. 

Cline.  N.  X  (E  S)  student.  Purdue  University,  Lafayette.  Ind., 
(mall)   209  North  Street.   Weet  Lafayette,  Ind. 

Cooper.  M.  S  (A)  vice-president  and  sales  manager,  Asbestos  & 
Rubber  Works  of  America,  Inc.,  New  York  City,  (mail)  211 
West  59th  Street. 

Donahew,  A  I.  (E  S)  student,  Purdue  University,  Lafayette,  Ind., 
(mail)   126  Sheetz  Street. 

Prater.  Howard  W.  (A)  supervisor  of  automotive  courses,  Frank- 
lin Union,   Boston,    (mall)    1   Bunton  Park,  East   Milton.  Mass. 

Eberts.  John  Foster  (E  S)  student,  Purdue  University,  Lafayette, 
Ind.,   (mail)    20:,  South  Sixth  Street. 

Eddison.  W.  Barton  (M)  consulting  engineer.  New  Tork  City, 
(mail)  Ardslry-on-Hudson.  N.  Y. 

Bteri.t.  L  U  i  \  i  automotive  engineer.  24  6  State  Street,  Salem, 
Ore. 


Fauntlerot,    Hxrmanzb   Edward    (J  ident,    Purdue   Univer- 

sity, Lafayctti.  lmi.,  (mall)   1732  Salem  Street 

Fat.  Charles  R.  (E  S)  student,  Purdue  University,  Lafayette.  Ind., 
(mall)   129  South  Grant  Bt! 

1  Motor  Car 

Co.,  New    I  (mall)   127?  Shakespeare  Avenue. 

Eraser,  William  R.  (A)  service  manager,  Henry  W.  Peabody  & 
Co.,  Bolivai  1,  (mail)   Cramer  2210. 

Glen.  Walter  a.  i.M)  president  and  manager,  Four  Wheel  Drive 
Auto  Co..  Clintoin  ill,  ,   Wis.   (mail)   46  West  Eighth  Street. 

BT,  Carl  F.    (A)    Instructor,    Prall    Institute,  Brooklyn,  N.   Y., 

I]  1  92  Gates  A\  - 

►:r.  John    (B  Si   student,   Purdue  University,  Lafayette,  Ind., 
(mail)    522    Northwestern    Avenue,    West   Lafi  Ind. 

Grapb,  Theodore-  s.  (A)  manager  and  proprietor.  Bearings  Sales 
Co.,  1919  14th  Street,  N.W.,  City  of  Washington. 

!  i  1.   LOWELL   HOBART   (E  S)   student.  Purdue  University,  Lafay- 
■  ii'.  Ind.,  (mail)   206  South  Sixth  Street. 

Gi  1 1  1. 1  mst,  Herman  (A)  assistant  chief  engineer,  Ray  Battery  Co., 
ontt,  Mich. 

Hamilton-Grapes,  G.  (F  M)  r,oi  Elizabeth  Street.  Melbourne, 
1  nst,  alia 

Harper,  Robert  D.,  3rd   (S  M)  physicist,   llnreiu  of  ,  Citv 

of  Washington,  (mail)   4  Wyest  Irving  Street,  Chi  1  /  Chase,  Md. 

Hates,  Harold  W.  (M)  division  engineer,  Dodge  Bros.,  Detroit, 
(mail)   293  East  Canfield  Avenue. 

N-.   Ronald  McKean    (E  S)   student.   University   of   Michigan, 
Ann  Arbor,  Mich.,    (mail)    321   South  Division   Street. 

Hbaton,  Howard  H.  (E  S)  student,  Purdue  University,  Lafayette, 
Ind.,    (mail)    224   Vine   Street,    West   Lafayette,  Ind. 

Holmes,  ll.  Glenn  (M)  chief  engineer.  Novo  Engine  Co.,  Lansing, 
Mich,   (mail)   909  North  Capitol  Avenue. 

Hopkins,  Peter  A.  (M)  mechanical  engineer,  Penn  Spring  Works, 
Baldwinsville,  N.  Y. 

S  E.  Bi.anchard  Herbert  (E  S)  student.  Purdue  University. 
Lafayette,  Ind.,  (mail)  420  Harvey  Avenue,  West  Lafayette, 
Ind. 

HrivBARD,  Lewis  Edward  (E  S)  student,  Purdue  University,  Lafay- 
ette, Ind.,   (mail)   356  State  Street,  West  Lafayette,  Ind. 

JENKINS,  Jesse  Morton  (E  S)  student,  Purdue  University.  Lafay- 
ette, Ind.,   (mail)   120  Wood  Street,  West  Lafayette,  Ind, 

Johnson,  E.  F.  (A)  general  manager,  Intercompany  parts  division, 
General  Motors  Corporation,  General  Motors  Building,  Detroit. 

Keith,  Robert  R.  (M)  superintendent.  International  Harvester  Co., 
Chicago,  111.,   (mail)    S9  North  Grant  Street,  Hinsdale,  III. 

Kukelkorn,  George  A.  (A)  final  inspector,  Cadillac  Motor  Car 
Co.,  New  York  City,   (mall)   323  East  144th  Street. 

1  1  11  Ian.  Harold  E.  (M)  engineering  department.  Stutz  Motor  Car 
Co.  of  America.  Inc..  Indianapolis,  (mail)  4205  North  Illinois 
Street. 

LtTTLEFiELD,  L.  H.  (A)  engineer.  Barsdall  Refining  Co.,  340  New 
York   Life  Building,  Kansas   City,  Mo. 

Marvin,  Charles  Frederick,  Jr.  (E  S)  student.  Ohio  State  Univer- 
sity,  Columbu.i,  Ohio,    (mail)    3S4  West  Eighth   Avenue. 

Miller,  Albert  H.  (M)  research  engineer,  Midvale  Steel  &  Ord- 
nance Co.,  Philadelphia,  (mail)  P.  O.  Box  1322. 

NlOG,  H.  N.  (A)  vice-president  and  general  manager,  Detroit  Bevel 
Gear  Co..  Detroit, 

Nutt,  Arthur  (M)  chief  engineer  of  engines,  Curtiss  Aeroplane 
Ai    Motor   Corporation,    Garden  City,  N.    Y. 

Perlov.  A.  P.   (J)   1373  St.  Johns  Place,  Brooklyn,  N.  Y. 

RAWLINS,  Edward  B.  (J)  draftsman,  C.  &  G.  Cooper  Co..  Mount 
1  1  rnon,  Ohio,  (mail)   210  East  Burgess  Street. 

REIHMER,  Leo  Lester  (E  S)  student,  Armour  Institute  of  Tech- 
nology, Chicago,   (mail)    1829  South  48th  Court. 

Rice,  Herbert  H.  (A)  president  and  general  manager,  Cadillac 
Motor  Car  Co.,  Detroit. 

RlEQBR,  Nelson  Miles  1  K  S )  student,  Ohio  State  University,  Colum- 
bus, Ohio,    (mail)   40  Wistaria  Drive,  Dayton,  Ohio. 

Ritzi.  Harry  (E  S)  student.  Purdue  University,  Lafayette,  Ind., 
(mail),  459  North  Grant  Street. 

Schad,  Alfred  Bartii  (E  S)  student,  Purdue  University.  Lafayette, 
Ind..  (mail)   816  North  Street. 

Schakel.  Raymond  Anton  (E  S)  student.  Purdue  University, 
Lafayette.  Ind.,  (mail)  r,90  Waldron  Street,  West  Lafayette,  Ind. 

Schlafman,  Ci.tfford  Jacob  (E  S)  student,  Ohio  State  University, 
ColumbH.*,  o;iio.    (mall)    192S  North  High  Street. 
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Chronicle  and  Comment 


June  Council  Sessions 

THE  Council  of  the  Society  will  hold  a  meeting  at 
White  Sulphur  Springs  on  Monday,  June  19.    This 
will  be  a  regular  session.     A  special  session  will 
be  convened  on  the  following  afternoon  for  the  purpose 
of  attending   to  unfinished   or   new   business,    including 
deration  of  the  action  taken  by  the  Standards  Com- 
mittee on  Tuesday,  June  20. 

Part  II  1920  Transactions 

COPIES  of  the  forthcoming  part  of  Transactions, 
Part  II  of  Vol.  15,  will  be  distributed  by  parcel 
post  early  this  month  to  the  members  who  have 
ordered  them.  The  issue  contains  about  40  papers  and 
reports,  together  with  the  discussion  thereon,  presented 
at  the  1920  Summer  Meeting  of  the  Society  and  at 
various  meetings  of  the  Sections. 

Hoover  on  S.  A.  E.  Standards 

THE  S.A.E.  Handbook  appears  to  be  a  very  com- 
plete example  of  the  sort  of  technical  standard- 
izations that  would  greatly  decrease  our  indus- 
trial wastes  if  they  could  be  properly  applied  to  our 
industries.  Through  our  Division  of  Simplified  Practice 
we  hope  to  aid  in  these  applications  and  it  seems  that  we 
can  be  of  special  service  in  the  automobile  field. — Herbert 
Hoover,  Secretary  of  Commerce. 

The  Mechanism  of  Lubrication 

THE  paper  by  Robert  E.  Wilson  and  D.  P.  Barnard, 
4th,  presented  at  the  Annual  Meeting  and  to  be 
printed  in  an  early  issue  of  The  Journal,  should 
be  of  unusual  interest  to  all  engineers  who  have  made  a 
study  of  the  subject  of  lubrication.  The  authors  give 
only  a  very  brief  review  of  the  classical  theory  of  lubrL 
cation,  and  follow  this  with  a  very  illuminating  and  prac- 
tical discussion  of  some  recent  developments. 

Among  other  things,  they  state  that  the  coefficient  of 
friction  of  a  plain  bearing  depends  upon  a  definite  rela- 
tion between  speed,  viscosity  and  bearing  pressure  and 


not  on  any  one  of  these  independently.  The  simple  ex- 
pression for  this  relation,  which  is  /  =  kzN/p,  where  / 
denotes  the  coefficient  of  friction,  k  is  a  factor  of  propor- 
tionality, z  the  coefficient  of  viscosity,  N  the  speed  and  p 
the  bearing  pressure,  can  be  made  very  useful  in  design- 
ing bearings  and  detecting  their  shortcomings. 

The  authors  explain  what  is  meant  by  oiliness  of  lubri- 
cants; show  why  nearly  all  friction-machine  tests  have 
omitted  this  factor,  and  promise  a  future  paper  covering 
new  work  from  the  Massachusetts  Institute  Laboratory 
on  this  subject. 


1922  Roster 

COPIES  of  the  printed  Roster  of  the  Society  as  of 
April  1  were  forwarded  last  month  to  members 
who  had  ordered  them.  This  book  of  358  pages, 
issued  in  paper-bound  form  in  accordance  with  long- 
standing practice,  is  of  course  of  considerable  value  to 
the  members  in  their  work,  especially  in  connection  with 
traveling  and  correspondence.  It  contains  lists  of  mem- 
bers arranged  alphabetically  and  geographically  and  a 
list  of  the  companies  with  which  the  members  are  asso- 
ciated, as  well  as  the  names  of  the  officers  and  committee- 
men of  the  Society  and  of  its  representatives  in  other 
organizations,  and  statistical  information  with  regard  to 
classification  and  residence  of  the  members. 


Current  Standards  Reports 

TWELVE  Divisions  of  the  Standards  Committee  of 
the  Society  will  submit  recommendations  on  33 
different  subjects  at  the  meeting  of  the  Society 
to  be  held  this  month.  The  various  recommendations 
relate  to  engineering  practices  in  the  agricultural  equip- 
ment, electrical  equipment,  internal-combustion  engine, 
iron  and  steel,  lubricants,  non-ferrous  metals,  parts  and 
fittings  and  passenger-car  body  fields.  Most  of  the  mat- 
ters submitted  for  review  involve  new  standards,  but  10 
revisions  of  and  6  extensions  of  present  standards  are 
recommended.  The  cancellation  of  one  standard  is  to  be 
considered;  and  one  progress  report  will  be  made.  The 
reports  of  the  respective  Divisions  are  printed  in  this 
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issue  of  The  Journal  and  a  comprehensive  discussion 
of  them  at  White  Sulphur  Springs  is  desired. 

Society  Nominating   Committee 

THE  Nominating  Committee  of  the  Society  consists 
of  members  elected  by  the  Sections,  each  Section 
naming  one  man  and  an  alternate,  and  three  mem- 
bers of  the  Society  elected  at  the  business  session  of  the 
Semi-Annual  Meeting  of  the  Society  preceding  the 
Annual  Meeting  at  which  the  officers  are  elected.  Ob- 
viously, the  committee  is  charged  with  the  conduct  of 
work  of  fundamental  importance  to  the  Society.  The 
following  have  been  named  for  service  on  the  1922  Com- 
mittee by  the  Sections: 


Section 
Buffalo 
Cleveland 
Dayton 
Detroit 
Indiana 
Metropolitan 
Mid-West 
Minneapolis 
New  England 
Pennsylvania 
Washington' 


Member 

A.  A.  Gloetzner 
R.  J.  Nightingale 
V.  G.  Apple 
Howard  A.  Coffin 
Mark  A.  Smith 
Cornelius  T.  Myers 

B.  S.  Pfeiffer 
L.  A.  Emerson 
Leon  W.  Rosenthal 
T.  F.  Cullen 

W.  S.  James 


Alternate 
F.  W.  Gurney 
W.  R.  Strickland 
L.  S.  Keilholtz 
T.J.  Litle,  Jr. 
W.  G.  Wall 
Finley  R.  Porter 
Taliaferrc  Milton 

Prof.  E.  P.  Warner 
F.  M.  Germane 


The  additional  members  of  the  committee  are  to  be 
elected  at  White  Sulphur  Springs  on  the  evening  of  June 
20.  Under  the  rules  of  the  Society  the  committee  will 
hold  an  organization  session  during  the  Semi-Annual 
Meeting,  and  in  due  course  nominate  members  to  serve 
as  officers  of  the  Society  during  1923. 

Engineering  Training  for  Foreign  Service 

THE  demand  for  the  training  of  engineers  in  foreign 
languages  comes  at  a  critical  hour.  Engineering 
colleges  are  hard  pressed  to  meet  the  demand  for 
the  time  devoted  to  civic  and  economic  training.  At 
many  of  the  leading  schools  it  has  been  keenly  felt  that 
engineering  students  as  a  rule  did  not,  by  the  language 
training  given,  acquire  the  ability  to  read  foreign 
technical  literature,  much  less  to  express  themselves  in  a 
foreign  tongue. 

American  engineers  should  be  able  to  read  foreign 
literature  and  to  deal  with  foreigners  in  their  own 
tongue.  In  connection  with  work  abroad  the  need  often 
arises  for  knowledge  of  a  language  never  taught  in 
school.  In  European  trade  Russian,  in  Asiatic  trade 
Chinese,  in  Brazilian  trade  Portugese  are  languages  that 
undoubtedly  will  be  of  great  importance  in  the  future. 
Yet,  we  can  hardly  think  of  teaching  them  to  engineering 
students  generally. 

The  thing  to  do,  therefore,  seems  to  be  to  develop  in 
our  students  the  ability  to  acquire  knowledge  rapidly  and 
unaided  in  a  new  field  when  the  need  of  such  knowledge 
arises.  This  is,  however,  exactly  the  ability  that  our 
engineering  schools  leave  undeveloped.  Foreign  schools 
and  our  graduate  schools  develop  it;  the  latter,  however, 
at  a  too  late  age.  By  excessive  coaching,  supervising  and 
scheduling  we  kill  rather  than  foster  initiative  and  enter- 
prise in  our  undergraduates.  This,  to  my  mind,  is  the 
cardinal  defect  in  our  American  college  education.  We 
develop  perhaps  the  most  moral,  generous  and  decent  type 
of  man  in  the  world.  And  this  must  not  be  given  up. 
But  we  suppress  the  quality  without  which  we  will  not 
hold  our  own  in  technical  or  commercial  competition  with 
foreign  nations. 

If  any  cure  is  to  be  wrought  in  this  matter,  it  must 


come  through  missionary  work  of  business  and  of  the 
United  States  Government.  The  students  must  be  made 
to  see  the  opportunities  offered  them  in  foreign  service. 
They  must  be  given  concrete  examples  of  the  unusual 
possibilities  in  new  and  undeveloped  fields,  where  highly 
trained  men  are  scarce.  They  must  be  imbued  with  an 
enthusiasm  for  real  individual  achievement  and  for  far- 
reaching  work.  American  engineering  students  are  high- 
grade  material,  but  they  are  now  being  trained  to  be 
routine  men  and  job-holders  at  home  rather  than  to  be 
energizers  and  vitalizers  on  a  world  scale.  They  must 
be  given  vision  and  self-reliance.  Let  us  hope  that  busi- 
ness and  the  Government  will  see  their  duty  in  this  mat- 
ter and  set  to  work  on  a  missionary  campaign  at  an  early 
date. — Prof.  C.  A.  Norman  at  Congress  on  Commercial 
Engineering. 

Highway  Research 

THE  ability  of  concrete  slabs  to  withstand  repeated 
stresses  caused  by  the  passage  of  heavy  trucks  is 
being  investigated  at  three  laboratories,  it  is  re- 
ported by  Director  W.  K.  Hatt,  of  the  Advisory  Board  on 
Highway  Research.  Dean  Johnson,  of  the  University  of 
Maryland,  has  devised  a  machine  by  which  concrete 
beams  may  be  deflected  a  few  thousandths  of  an  inch  at 
the  rate  of  200  times  per  min.  Fundamental  research 
of  this  kind  is  not  only  of  value  in  highway  research 
but  thi-ows  new  light  upon  the  fundamental  properties 
of  materials. 

The  composition  of  asphalt  mixtures  that  will  be  stable 
at  widely  varying  temperatures  is  being  investigated  by 
H.  S.  Mattimore,  of  Pennsylvania.  The  Bureau  of  Public 
Roads  has  built  a  circular  track  that  will  be  surfaced  with 
several  mixtures  of  bituminous  materials  and  subjected 
to  truck  action  to  determine  the  cause  and  remedy  of  the 
waving  of  pavements,  which  last  summer  involved  enor- 
mous maintenance  costs.  Another  circular  track  will  ex- 
pose various  concrete  aggregates  to  the  wear  of  traffic. 

Dr.  G.  E.  Ladd,  of  the  Bureau  of  Public  Roads,  has 
completed  a  report  on  his  study  of  corrugations  in  gravel 
roads  in  eight  different  States.  Contrary  to  the  general 
impression  of  drivers,  these  waves,  which  have  been  so 
expensive  in  the  maintenance  of  roads  and  of  vehicles, 
are  from  25  to  35  in.  in  length,  crest  to  crest,  and  have  a 
maximum  height  of  1%  in.  unless  pitting  and  ravelling 
have  begun.  These  corrugations,  it  is  stated,  arise  from 
the  action  of  motor  vehicles.  Generally  in  gravel  roads 
they  originate  in  the  kick-back  of  surface  materials  aris- 
ing from  the  spin  of  one  or  both  of  the  rear  wheels  as 
they  descend  from  a  bounce  over  some  obstacle  or  de- 
pression. Spring  action  has  undoubtedly  a  contributing 
and  modifying  effect.  Dr.  Ladd  determines  the  density 
ef  traffic  at  which  such  corrugations  arise  and  a  means 
of  keeping  them  down. 

The  problem  of  the  sand-clay  or  top-soil  road,  which 
must  furnish  the  main  transportation  for  large  regions 
of  the  South  Atlantic  states,  is  being  studied  in  Georgia 
and  North  Carolina.  Prof.  C.  M.  Strahan,  of  the  Uni- 
versity of  Georgia,  has  developed  data  that  serve  to 
define  the  percentage  of  clay  and  coarse  sand  that  will 
render  these  roads  stable  under  a  traffic  that  they  can 
reasonably  be  expected  to  carry.  The  Bureau  of  Public 
Roads  and  the  North  Carolina  Highway  Commission  also 
are  investigating  this  type  of  road  to  determine  the  limit 
of  traffic  under  which  they  can  be  maintained,  and  a 
means  of  improving  and  extending  the  life  of  the  surface. 
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The  Summer  Meeting 


Til  KICK  la  every  reason  to  believe  that  the  l!»•-'l-, 
Summer  Meeting  at  White  Sulphur  Springs  will 
excel  those  of  the  past  2  or  3  years  in  point  of 
attendance  and  general  attractiveness.  There  can  be  no 
doubt  that  the  meeting  will  lie  well  attended,  for  the  res- 
ervations have  reached  a  total  of  5(51  as  this  issue  of  THE 
Journal  goes  to  press.     It   is   fortunate  that  two  un- 


usually fine  hotels  are  available  at  White  Sulphur  Springs 
with  sufficient  capacity  to  house  the  members  comfort- 
ably. Many  pleasant  rooms  will  be  at  the  service  of  the 
late-comers  but  it  is  the  safest  plan  to  send  in  reserva- 
tions as  far  in  advance  of  the  meeting  as  possible.  A 
reservation  blank  was  printed  on  page  70  of  the  May 
issue  of  The  Journal  and  another  copy  was  included 
with  a  recent  issue  of  the  Meetings  Bulletin.  AH  appli- 
cations for  reservations  mailed  hi  tun  Jinn  15  should  be 
addressed  to  the  Society  office  in  New  York  City,  but 
after  that  date  they  should  be  addressed  to  the  Society's 
Headquarters,  White  Sulphur  Springs.  W.  Va.  The 
blanks  must  be  accompanied  by  a  check  to  cover  the  nec- 
essary reservation  and  guest  fees. 

General  Plan  of  Meeting 

The  general  meeting  plan  that  has  proved  so  successful 
in  past  summers  will  be  followed  in  1922.  The  morn- 
ings will  be  devoted  to  automotive  engineering  sessions 
at  which  valuable  technical  papers  on  problems  of  cur- 
rent interest  will  be  presented  and  discussed.  The  after- 
noons are  set  aside  for  an  elaborate  program  of  sports 
and  games,  while  the  evenings  will  be  spent  w-atching 
the  latest  screen  drama  or  one-stepping  to  the  tune  of  a 
popular  syncopated  symphony.  Dull  moments  will  be 
non-existent  at  White  Sulphur  Springs,  for  the  resort 
(  Iters  numerous  attractive  features  to  while  away 
the  fleeting  hours,  even  though  an  elaborate  program  of 
entertainment  were  not  provided. 

First  Day  Devoted  to  Standards 

The  opening  day  of  the  Summer  Meeting,  Tuesday, 
June  20,  will  be  the  occasion  of  the  semi-annual  meeting 
of  the  Standards  Committee.  Morning  and  afternoon 
sessions  will  be  held  and  the  various  Standards  Commit- 
tee Divisions  will  report  their  recommendations  to  the 
Committee  for  approval.  The  subjects  to  be  considered 
cover  a  wide  field  and  are  worth  careful  study  by  those 
engaged  in  the  manufacture  of  parts  or  materials  af- 
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fected  by  them.    Objections  to  or  constructive  criticism 

of  any  of  the  proposals  will  be  welcomed  at  this  meeting. 
The  complete  group  of  reports  is  printed  in  this  issue  of 
THE  JOURNAL.  Following  the  voting  on  the  standards 
reports,  one  or  two  brief  addresses  will  be  made  on  the 
value  of  engineering  standards  to  industry.  K.  M.  Hud- 
son, of  the  United  States  Department  of  Commerce,  has 
been  selected  by  Secretary  Herbert  Hoover  to  tell  some- 
thing of  the  work  that  this  government  agency  is  fos- 
tering to  reduce  waste  in  industry  through  standardiza- 
tion. 

B.  B.  Bachman,  president  of  the  Society,  will  address 
the  members  at  the  semi-annual  Business  Meeting,  Tues- 
day evening.  Reports  of  the  standing  committees,  the 
Secretary  and  the  Treasurer  will  be  presented.  The 
members-at-large  of  the  Society  Nominating  Committee 
will  be  elected  at  this  time  to  act  with  the  Section  dele- 
gates in  the  selection  of  a  ticket  of  Society  officers  for  the 
year  1923. 

MOTORBUS   AND  AERONAUTIC    SESSIONS 

Two  technical  sessions  will  be  conducted  simultaneously 
on  Wednesday  morning,  June  21.  They  will  be  devoted 
to  the  Motorbus  and  Aeronautics  respectively.  G.  A. 
Green  will  present  a  paper  on  motorbus  design  which 
will  be  based  on  the  experience  gained  through  his  long 
association  with  this  form  of  automotive  transportation. 
Mr.  Green's  paper  will  deal  principally  with  the  factors 
affecting  bus  chassis  and  body  design,  indicating  the 
major  points  of  difference  between  motor  truck  and 
motorbus  chassis  construction.  In  his  work  with  the 
Fifth  Avenue  Coach  Co.,  Mr.  Green  has  been  fortunate 
in  carrying  the  dual  responsibilities  of  operator  and  de- 
signer. His  paper,  though  written  from  the  engineer- 
ing viewpoint,  reflects  the  practical  experience  of  the 
operator  on  the  street.  The  paper  which  R.  E.  Plimpton 
will  read  at  the  Motorbus  Session  will  set  forth  accepted 
bus  design  practice  as  evidenced  by  the  models  being 
currently  built  by  motorbus  manufacturers.  Mr.  Plimp- 
ton will  make  an  analysis  of  the  types  of  service  the 
motorbus  is  expected  to  fill  and  indicate  the  designs  best 
suited  to  each.  Because  of  the  rapid  expansion  of  the 
motorbus  arm  of  transportation,  it  is  natural  to  expect 
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an  active  and  valuable  discussion  after  the  presentation 
of  these  two  papers. 

Prof.  E.  P.  Warner,  of  the  Massachusetts  Institute  of 
Technology,  has  contributed  a  paper  on  the  mathematical 
prediction  of  airplane  performance  which  he  will  read  at 
the  Aeronautic  Session.  Professor  Warner  has  derived 
simplified  formulas  that  will  serve  the  airplane  designer 
in  estimating  such  performance  factors  as  minimum  and 
maximum  speed,  rate  of  climb  and  the  ceiling  of  a  plane. 
Values  obtained  from  these  formulas  were  checked  by 
comparison  with  those  of  a  large  number  of  airplanes  the 
performance  of  which  was  known.  Application  of  the 
formulas  to  specific  examples  will  be  made.  The  paper 
is  printed  in  this  issue  of  The  Journal.  Capt.  George 
E.  A.  Hallett,  of  the  engineering  division  of  the  Air 
Service,  will  outline  the  general  procedure  of  designing 
and  developing  airplane  engines  followed  by  the  organi- 
zation that  he  heads  at  McCook  Field.  It  is  Captain 
Hallett's  belief  that  many  of  these  methods  are  appli- 
cable to  the  experimental  development  of  motor-car  and 
motor-truck  engines  to  reduce  the  time  needed  for  ex- 
perimental tests  and  insure  an  earlier  arrival  at  the  stage 
where  designs  are  perfected  and  ready  for  production. 
He  will  supplement  the  paper,  which  is  printed  on  an- 
other page,  with  a  description  of  the  progress  in  airplane 
engineering  that  has  been  made  by  the  Air  Service  Engi- 
neering Division  in  the  past  year.  He  will  illustrate  this 
talk  with  many  interesting  slides.  An  analogy  by  C.  L. 
Egtvedt,  printed  in  this  issue  of  The  Journal,  will  be 
read  by  title  and  discussed.  At  the  conclusion  of  the  dis- 
cussion there  will  be  an  exhibition  of  authentic  aviation 
pictures  taken  during  the  war  with  Germany.  These 
films  have  been  loaned  by  the  Air  Service  and  have  been 
shown  rarely  in  public.  They  possess  great  historical 
interest,  as  well  as  emphasize  the  airplane's  military  im- 
portance and  the  need  of  our  keeping  pace  with  foreign 
aeronautical  development. 

The  Research  Session 

The  Research  Session  will  be  held  Thursday  morning, 
June  22.  The  major  topic  of  discussion  will  be  the  de- 
sired volatility  of  motor  gasoline.  Papers  will  be  given 
by  W.  S.  James  and  C.  T.  Coleman,  of  the  Bureau  of 
Standards,  and  Dr.  H.  C.  Dickinson,  manager  of  the 
Research  Department  of  the  Society.  Mr.  James'  paper 
will  describe  an  instrument,  developed  by  the  Bureau  of 
Standards,  that  photographically  records  the  perform- 
ance data  of  an  engine  when  it  is  propelling  a  vehicle  on 
the  road  under  typical  driving  conditions.  Acceleration, 
rated  fuel-consumption,  road  and  relative  air-speeds,  en- 
gine and.  transmission  temperatures  and  other  factors 
are  all  reproduced  for  later  analysis.  Mr.  James  will 
include  in  his  presentation  the  conclusions  drawn  from 
extensive  road-tests  observed  and  studied  with  this  in- 
genious instrument.  One  of  the  studies  was  made  to 
determine  the  effect  of  decreased  and  increased  gasoline 
volatility  upon  car  performance  and  fuel  economy.  Prac- 
tically all  of  Mr.  James'  work  has  been  conducted  on 
passenger  cars.  C.  T.  Coleman's  paper,  on  the  other 
hand,  relates  principally  to  the  changes  in  performance 
and  economy  of  motor  trucks  resulting  from  a  lowering 
or  raising  of  the  end-point  of  the  gasoline  used.  The 
tests  to  be  described  by  Mr.  Coleman  are  now  being  made 
by  the  Bureau  of  Standards,  using  the  entire  fleet  of 
Post-Office  transportation  units  in  Pittsburgh  and  Phila- 
delphia. Two  different  road  conditions  are  represented 
in  these  cities ;  Philadelphia  streets  are  smooth  with  few 
hills;  Pittsburgh  streets  are  rough  with  many  hills. 
Four  fuels  of  varying  volatility  are  being  employed  in 


the  tests,  these  ranging  from  aviation  gasoline  to  a  very 
heavy  grade  of  gasoline.  Fuel-consumption,  oil  dilution 
and  oil  consumption  will  be  carefully  observed  and  the 
resultant  statistical  data  analyzed.  Mr.  Coleman  will 
present  the  conclusions  of  this  analysis  in  his  paper  at 
the  Research  Session. 

Following  these  two  papers,  Dr.  H.  C.  Dickinson  will 
present  the  progress  report  of  the  Research  Committee 
of  the  Society.  He  will  give  a  complete  and  detailed 
description  of  the  Society's  Fuel  Volatility  Tests  that  are 
being  conducted  by  the  Bureau  of  Standards,  Bureau  of 
Mines  and  many  of  the  motor-car  companies  under  the 
direction  of  the  Research  Department  of  the  Society. 
These  tests  are  being  financed  by  the  American  Petroleum 
Institute,  the  National  Automobile  Chamber  of  Com- 
merce, and  assistance  is  being  given  by  the  participating 
oil  refiners  and  motor-car  builders.  The  object  of  the 
tests  is  to  determine  what  sort  of  petroleum  fuel,  as 
regards  volatility,  will  give  the  average  vehicle  operator 
the  most  ton-miles  of  transportation  per  barrel  of  crude 
oil  used  in  producing  the  fuel.  Dr.  Dickinson  will  call 
upon  some  of  the  chief  engineers  of  motor-car  companies 
participating  in  the  tests  for  brief  outlines  of  the  pro- 
cedure being  followed  in  the  work  under  their  direction. 
It  is  only  natural  to  anticipate  the  deepest  interest  in  the 
Research  Session.  The  knowledge  gained  in  this  one 
technical  session  should  fully  justify  the  expense  of  at- 
tending the  Summer  Meeting. 

Passenger  Car  Session 

The  technical  session  to  be  held  Friday  morning,  June 
23,  has  been  designated  as  the  Passenger  Car  Session. 
H.  M.  Crane  will  present  his  paper  on  A  New  System  of 
Spring  Suspension  for  Automotive  Vehicles,  which  is 
printed  in  this  issue  of  The  Journal.  He  will  discuss 
those  factors  influencing  proper  rear-axle  spring  suspen- 
sion that  have  led  him  to  design  the  rather  unusual  sus- 
pension described  in  the  paper.  It  is  the  general  belief 
among  automobile  critics  that  spring  suspension  and  rid- 
ing quality  are  features  of  present-day  motor  cars  that 
warrant  closer  study  on  the  part  of  the  automotive  engi- 
neer. For  this  reason  it  is  hoped  that  Mr.  Crane's  paper 
will  arouse  an  active  discussion. 

Engines  with  overhead  camshafts  and  valves  are  be- 
coming more  popular  in  Europe  and  it  is  possible  that 
a  greater  demand  may  be  created  for  similar  engines  in 
this  Country.  P.  M.  Heldt's  paper  calls  attention  to  the 
claims  made  for  the  overhead-camshaft  engine  and  pre- 
sents the  mechanical  features  of  a  number  of  the  popular 
European  examples.  The  paper  is  printed  in  this  issue 
of  The  Journal.  The  overhead-camshaft  engine  has 
been  used  in  airplanes,  motorboats  and  racing  cars  and 
has  many  advantages  to  recommend  it  in  these  instances. 
There  is  considerable  difference  of  opinion,  however, 
about  its  being  the  most  practical  type  for  the  average 
operator  of  passenger  cars.  F.  A.  Bonham  will  read  a 
paper  presenting  some  pertinent  suggestions  on  what  the 
automotive  engineer  can  do  to  assist  the  service  and 
parts  departments.  Mr.  Bonham  has  a  number  of  con- 
structive ideas  that  warrant  attention  and  thorough  dis- 
cussion. 


Fuel  and  Engine  Session 

The  Fuel  and  Engine  Session  on  Saturday,  June  24, 
will  conclude  the  Summer  Meeting.  It  will  include  four 
papers  that  contribute  a  large  amount  of  valuable  infor- 
mation for  the  engineer  engaged  particularly  in  the  de- 
sign of  automotive  powerplants.  Thomas  Midgley,  Jr., 
will  present  the  quantitative  results  of  an  analysis  of  the 
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Summer  Meeting  Program 


II  KSDAY.  Jl  M    2(t 

10  a.  m.  and  2  p.  m. 


2  p.  m. 
8  p.  m. 

WKDNKSDW.  JUNE  21 

II)  a.  m. 


10  a.  m. 


2  p.  m. 


5  p.  m. 

8  p.  m. 
9:30  p.  m. 


Till  RSDAY,  Jl  NT.  22 

10  a.  m. 


p.  m. 


•J  p.  m. 
5  p.  m. 
8  p.  m. 
9:30  p.  m. 

FRIDAY,  JUNE  23 

10  a.  m. 


2  p.  m. 
5  p.  m. 

8  p.  m. 
9:30  p.  i 
11   p.  m. 


SATURDAY, 

10  a.  m. 


JUNE  21 


• 


STANDARDS  SESSION 

Standards  Committee  Reports  and  Discussion 
Papers  on  Standardization 

TENNIS   \ND  GOLF  TOURNAMENTS  START 

SEMI   INNUAL  BUSINESS  MEETING 

Address   of   President 
Reports   of  Committees  and  Officers 
Election  of  Nominating  Committee  Meml 

MOTORBUS  SESSION 

G.  A.  GREEN — The  Design  of  the  Motorbus 

K.  E.  PLIMPTON— Characteristics  of  Present-Day  Motorbuses 

AERONAUTIC  SESSION 

K.  P.  WARNER — Airplane  Performance  Formulas 

G.  E.  A.   HALLETT— A  Method  of  Developing  Aircraft  Engines 

C.  L.  EGTVEDT— Flighty  Reflections 

Air  Service  Motion  Pictures  of  the  War  with  Germany 
Men's  Golf  Qualifying  Round 
Men's  Tennis — Singles 
r-Section  Baseball 
Orchestra  Concert 

UJUATIC  SPORT  PROGRAM 

Motion  Pictures 
Dancing 

RESEARCH  SESSION 

H.  C.  DICKINSON— Report  of  the  Activities  of  the  Research  Department  of 
the  Society. 

Information  Service 

Fuel   Research 

Highway  Research 
W.   S.  JAMES— Fuel   Volatility   Research  at   the   Bureau  of   Standards,  with 
Demonstration  of  Test  Car  Equipment. 

C.  T.  COLEMAN— Report  of  the  Bureau  of  Standards  Fuel  Volatility  Tests  on 
Motor  Trucks. 
Report  of  Chief  Engineers  of  Companies  Cooperating  in  Fuel  Volatility  Tests. 

ANNEAL  S.  A.  E.  FIELD  DAY 

Track  and  Field  Events 

Men's  Golf  Match  Play 

Men's  Tennis — Doubles  and  Singles 
Inter-Section  Baseball 
Orchestra  Concert 
Section  Stunts 
Motion  Pictures 
Dancing 

PASSENGER  CAR  SESSION 

P.   M.   HELDT — Overhead   Camshaft   Passenger-Car  Engines 

H.  M.  CRANE — New  System  of  Spring  Suspension  for   Automotive  Vehicles 

F.  A.  BONHAM — The  Automotive  Engineer  and  the  Service  Problem 

I  IN  \I.S  IN  ALL  SPORTS  EVENTS  AND  TOURNAMENTS 

Orchestra  Concert 

GRAND  BALL 

Motion  Pictures 
Dancing  Contest 
Presentation  of  Prizes 
Buffet  Supper 

I  I  II     \ND  ENGINE  SESSION 

F.  C.  MOCK  and  M.  E.  CHANDLER— The  Hot-Spot  Method  of  Heavy-Fuel 
Preparation. 

THOMAS    MIDGLEY,  JR.,  and   T.   A.   BOYD— Detonation   Characteristics   of 
Some  Blended  Motor-Fuels. 

G.  A.  ROUND— Oil-Pumping 
A.  A.  BULL — Oil  Consumption 

Note:   An  appropriate   program   of  entertainment,  sports   and   cards   will 
be  conducted  for  the  ladies  each  morning  during  the  Technical  Sessions. 
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Sports  Events 

Golf — Tuesday  through  Friday 
Men's  Championship  Tournament 
Men's  Flag  Consolation 
Men's  Driving  Contest 
Men's  Putting  Contest 
Ladies'  Championship  Tournament 
*Ladies'  Putting  Contest 
Tennis — Tuesday   through  Friday 
Men's  Singles  Tournament 
Men's  Doubles  Tournament 
'Ladies'  Singles  Tournament 
Mixed  Doubles  Tournament 

Track — Th ursday  Afternoon 
*50-yd.  Dash — Men  under  30 
50-yd.  Dash— Men  30  to  40 
50-yd.  Dash — Men  over  40 
*50-yd.  Dash — Boys  under  12 
*100-yd.  Dash — Boys  under  16 
*50-yd.  Dash — Ladies 
*50-yd.  Dash — Girls  under  16 
Fat  Man's  Race — Men  weighing  more 

than  3  lb.  per  in.  of  height 
Three-Legged  Race — Men 
Potato  Race — Men  and  Ladies 
One-Legged   Race — Hopping  with   legs 
tied 

Field — Thursday  Afternoon 
Shot  Put— Men 
Hop,  Step  and  Jump — Men 
Standing  Broad  Jump) — Men 
■High  Jump — Men 
^Throwing  Baseball — Ladies 
*Egg  Race — Ladies 
Inter-Section    Relay  —  Teams    of    four 

men 
Baseball — Tuesday    through   Friday 
For  S.A.E.  Section  Championship  Cup 
— Teams   of   nine — indoor   or  soft 
ball  used 
Trapshooting — Tuesday  through 
Friday 
For  S.A.E.  Section  Champion  Medal 
(Bring  your  own  gun.) 

Swimming — Wednesday  Evening 

33-yd.  Swim— Men 

33-yd.  Swim — Ladies 
*66-yd.  Swim — Men 
*66-yd.  Swim — Ladies 

Plunge  for  distance — Men 

Plunge  for  distance — Ladies 
*Fancy  Diving — Men  and  Ladies 

Inter-Section   Relay  —  Teams   of    four 
men 

Several  Stunt  Races 


*Only  these  events  open  to  guests 


properties  of  blended  motor-fuels.  The  data  relate 
particularly  to  the  comparative  detonation  values  of 
the  several  fuels  as  determined  by  the  bouncing-pin 
method.  Mr.  Midgley's  paper  appears  in  this  issue  of  The 
Journal.  Although  much  study  has  been  made  and 
many  papers  written  on  the  subject  of  hot-spot  mani- 
folds, F.  C.  Mock  and  M.  E.  Chandler  find  a  general  mis- 
conception of  the  engineering  fundamentals  that  must  be 
followed  in  designing  efficient  manifolds  of  this  type. 
Their  paper  collates  many  of  the  data  now  in  existence 
and  adds  to  them  some  pertinent  information  resulting 
from  tests  just  completed  by  the  authors. 

One  of  the  strongest  and  most  persistent  complaints 
received  through  the  average  service  department  is  that 
of  engines  pumping  oil.  The  trouble  is  aggravated  by 
lowered  fuel  volatility,  poor  carburetion,  and  crankcase- 
oil  dilution.  Doubtless  many  of  the  members  have  spent 
much  time  and  effort  in  seeking  a  means  of  preventing 
or  alleviating  this  difficulty.  Excessive  carbon-deposit 
and  fouled  spark-plugs  are  the  most  common  complaints 
chargeable  to  this  cause.  Appreciating  the  urgency  of 
the  problem,  the  Meetings  Committee  has  secured  two 
papers  on  the  subject  of  Oil-Pumping  which  will  be  given 
at  this  Session.  A.  A.  Bull  has  prepared  a  searching 
analysis  of  the  causes  of  oil-pumping  and  excessive  oil 
consumption  in  his  paper.  G.  A.  Round  has  approached 
the  matter  independently  and  from  the  lubricating  engi- 
neer's viewpoint.  Both  of  these  papers  are  printed  in 
this  number  of  The  Journal  and  are  deserving  of  close 
study  so  that  they  may  be  thoroughly  discussed  at  the 
time  of  their  presentation  at  White  Sulphur  Springs. 

Written  Discussion  of  Papers 

Eight  of  the  papers  to  be  read  at  the  Summer  Meeting 
are  printed  in  this  issue  of  The  Journal.  Preprints  or 
abstracts  of  the  other  papers  on  the  program  will  be 
sent  to  those  who  order  them  on  the  blank  recently  mailed 
to  all  members.  Publication  of  the  papers  in  advance  of 
the  meeting  enables  the  members  to  study  these  impor- 
tant automotive  engineering  contributions  with  care.  It 
provides  an  opportunity  for  the  preparation  of  written 
discussion.  Such  written  discussion  need  not  be  with- 
held until  the  time  of  the  Summer  Meeting.  It  should  be 
forwarded  to  the  Society  offices  where  arrangements  will 
be  made  for  its  presentation  in  the  proper  technical  ses- 
sion. This  suggestion  applies  particularly  to  those  un- 
able to  attend  the  meeting  and  present  their  comments 
orally.  It  often  happens  that  the  information  brought 
out  in  the  discussion  is  of  equal  or  greater  value  than  that 
presented  by  the  author  in  his  paper.  Read  the  Summer- 
Meeting  papers  that  touch  upon  matters  in  your  field. 
If  your  experience  is  contradictory  to  that  of  an  author, 
by  all  means  submit  it.  If  it  supplements  his  opinions, 
strengthen  his  statements  by  contributing  your  own 
knowledge  of  the  problem  treated.  Written  discussion  is 
a  highly  desirable  addition  to  the  papers,  and  members 
are  strongly  urged  to  mail  such  discussion  to  the  Society 
offices  in  the  case  of  the  1922  Summer  Meeting  papers. 

Railroad  Transportation 

The  reduced-fare  privilege  that  has  been  secured  from 
the  railroads  differs  from  the  one  in  effect  at  the  Annual 
Meeting  last  January.  The  members  will  receive  a  re- 
duced-fare certificate  about  June  10.  When  transporta- 
tion to  White  Sulphur  Springs  is  purchased,  this  certifi- 
cate entitles  the  member  to  a  reduction  of  25  per  cent  on 
the  cost  of  a  round-trip  ticket.  These  certificates  can- 
not be  used  by  non-members,  but  they  are  valid  for  tickets 
purchased  for  dependent  members  of  a  Society  member's 
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family.  Round-trip  tickets  only  may  be  purchased  under 
this  plan,  no  stop-overs  are  allowed  and  the  same  route 
must  he  used  in  both  the  trip  to  White  Sulphur  Springs 
and  return.  The  Society  has  been  fortunate  in  securing 
this  reduced-fare  concession  from  all  of  the  railroad  asso- 
ciations in  the  United  States  and  the  consequent  saving 
to  the  members  will  be  a  substantial  one.  The  rates  from 
the  principal  automotive  centers  are  shown  in  the  accom- 
panying table  which  is  reprinted  from  the  May  issue  of 
The  Journal  with  one  or  two  corrections. 

Special  Trains  and  Pullmans 

Before  making  any  Pullman  reservations,  get  in  touch 
with  the  Secretary  of  the  Section  nearest  you  and  arrange 
to  travel  to  the  meeting  in  special  cars  with  your  fellow 
members.  Two  special  trains  have  been  scheduled  to 
transport  the  Eastern  and  Western  members  to  White 
Sulphur  Springs.  The  Detroit,  Cleveland  and  Midwest 
Sections  have  reserved  special  Pullman  cars  leaving  their 
respective  cities  on  Monday  afternoon,  June  19,  and  ar- 
riving in  Cincinnati  on  the  evening  of  the  same  day. 
Here  they  will  be  made-up  into  an  S.A.E.  Special  all- 
Pullman  train  which  will  arrive  in  White  Sulphur 
Springs,  Tuesday  morning,  June  20,  soon  after  breakfast. 
The  members  in  northern  Ohio  can  board  the  Cleveland 
cars;  the  members  in  Toledo  and  Michigan  can  be  accom- 
modated on  the  Detroit  cars;  the  Indiana  members  should 
make  reservations  on  the  cars  from  Chicago. 


The  special  train  from  the  East  will  carry  Pullmans 
from  New  York  City  and  Philadelphia.  New  England 
and  New  York  State  members  can  make  reservations  on 
this  train  through  the  Society  offices.  The  Eastern 
train  leaves  New  York  at  3:40  p.  m.,  Eastern  Time,  on 
Monday  afternoon,  June  19,  and  arrives  in  White  Sul- 
phur Springs  Tuesday  morning  before  breakfast.  Wash- 
ington members  can  board  this  train,  as  it  passes 
through  their  city. 

The  complete  time-schedule  of  the  special  trains  is 
given  in  the  accompanying  table,  with  the  corresponding 
railroad  fares.  The  Meetings  Committee  hopes  to  be 
able  to  announce  soon  the  arrangement  for  similar  spe- 
cial trains  returning  on  Saturday,  June  24,  after  the 
completion  of  the  meeting.  These  trains  will  enable 
the  members  to  remain  at  White  Sulphur  Springs  until 
after  lunch  Saturday  and  still  reach  their  home  cities  on 
Sunday  morning,  June  25. 

It  is  very  important  that  all  members  taking  advan- 
tage of  the  special  reduced-fares  have  their  return-trip 
tickets  validated  by  the  railroad  agent  at  White  Sulphur 
Springs  before  boarding  the  return  train.  This  portion 
of  the  fare-and-half  ticket  is  not  valid  until  the  stamp 
of  the  White  Sulphur  Springs  agent  appears  on  it. 

A  Very  Complete  Sports  Program 

With  the  unusually  complete  sport  facilities  provided 
at  White  Sulphur  Springs,  it  was  to  be  expected  that  a 


RAILROAD    ACCOMMODATIONS    TO    WHITE    SULPHUR   SPRINGS,  W.   VA.,  FOR   SUMMER  MEETING 

JUNE  20-24,  1922 


City 
Cincinnati 
Detroit 
Toledo 
Chicago 
Indianapolis 

land 
Dayton 


Leave 

Monday, 

Railroad  June  19 

Chesap'ke    &    Ohio 

Big  Four  1 1 : 1.5  a.m. 

1  :35  p.m. 

1:00  p.m. 

6:15  p.m. 

.1:00  p.m. 

7:57  p.m. 


Big  Four 
Big  Four 
Big  Four 
Big  Four 
Big  Four 
Big  Four 


City 
Boston 
Providence 
New  Haven 
New    York    City 

Manhattan  Transf. 
W.st  Philadelphia 
Baltimore 
Buffalo 
Washington 


Railroad 
New    Haven 
New   Haven 
New    Haven 
Pennsylvania 
Pennsylvania 
Pennsylvania 
Pennsylvania 
Pennsylvania 
Chesap'ke   &   Ohio 


Leave 
Monday, 

June  19 
8:00  a.m. 
10:06  a.m. 
1 1  :54  a.m. 
3:40  p.m. 
3:58  p.m. 
5:56  p.m. 
8:30  p.m. 
9:10  a.m. 


Arrive 
Cincinnati 

8:55  p.m. 
8:55  p.m. 
9:00  p.m. 
9:00  p.m. 
9:35  p.m. 
9:35  p.m. 


TIME   SCHEDULE 
S.A.E. 

Special  Leaves 
Cincinnati 
9:45  p.m. 
9:45  p.m. 
9:45  p.m. 
9 :  15  p.m. 
9: 15  p.m. 
9:45  p.m. 
9:15  p.m. 


Arrive 
at  White 
Sulphur 
Springs 

8:55  a.m. 

8:55  a.m. 

8:55  a.m. 

8:55  a.m. 

8:55  a.m. 

8:55  a.m. 

8:55  a.m. 

Arrive 


RAILROAD    FARES 

Fare- 
and-Half         Tourist 
Round-Trip  Round-Trip 


Arrive 
Washington 
7:40  p.m. 
7:40  p.m. 
7:40  p.m. 
9:25  p.m. 
9:25  p.m. 
9:25  p.m. 
9.25  p.m. 
8:50  p.m. 


$19.08 
28.08 
24.98 
34.47 
25.01 
29.01 
22.02 


at  White 

Fare- 

Leave 

Sulphur 

and-Half 

Washington 

Springs 

Round-Trip 

10:15  p.m. 

7:05  a.m. 

$37.76 

10:15  p.m. 

7:05  a.m. 

36.74 

10:15  p.m. 

7:05  a.m. 

29.28 

10:15  p.m. 

7:05  a.m. 

25.37 

10:15  p.m. 

7:05  a.m. 

25.37 

10:15  p.m. 

7:05  a.m. 

20.51 

10:15  a.m. 

7:05  a.m. 

15.32 

10:15  p.m. 

7:05  a.m. 

34.25 

10:15  p.m. 

7:05  a.m. 

13.16 

$20.62 
31.97 
28.22 
38.70 
27.75 
31.11 
22.73 


Tourist 
Round-Trip 
$49.04 
45.88 
37.74 
30.92 
30.92 
24.89 
18.68 
39.56 
17.28 
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very  fine  program  of  athletic  diversions  would  be  ar- 
ranged. There  will  be  much  of  the  atmosphere  of  the 
intercollegiate  meet  in  evidence  at  this  Summer  Meeting. 
Medals  and  cups  are  to  take  their  place  with  the  other 
handsome  prizes  of  former  years.  Appropriate  medals 
will  be  awarded  to  the  golf,  tennis  and  trapshooting 
champions.  A  prize  goes  to  the  member  who  proves  him- 
self to  be  the  best  all-round  athlete.  A  cup  will  be  con- 
tested for  by  the  Section  baseball  teams.  Most  interest- 
ing of  all,  however,  will  be  the  struggle  for  the  Section 
athletic  championship.  Predetermined  point-scores  have 
been  assigned  to  the  first,  second  and  third  places  in  all 
athletic  events,  including  the  baseball,  golf  and  tennis 
tournaments.  These  scores  will  be  credited  to  the  Section 
represented  by  the  victorious  members  or  teams.  When 
all  sports  events  are  concluded,  the  scores  will  be  totaled 
and  the  championship  cup  awarded  to  the  Section  scor- 
ing the  greatest  number  of  points.  In  cases  where  a 
member  is  not  affiliated  with  a  Section,  his  points  will 
be  credited  to  the  Section  nearest  him  geographically  as 
determined  beforehand  by  the  Sports  Committee. 

The  golf  tournament  will  be  opened  with  a  qualifying 
round,  after  which  the  contestants  will  be  grouped  into 
two  or  three  flights  based  on  their  qualifying  scores.  The 
championship  medal  will  be  awarded  to  the  winner  in  the 
first  flight.  The  other  flight  winners  will  receive  prizes 
in  each  case  but  these  places  will  not  contribute  points  to 
the  Section  Championship  score. 


The  excellent  tile  swimming-pool  at  White  Sulphur 
Springs  enabled  the  Sports  Committee  to  add  a  new  fea- 
ture to  this  year's  program.  On  Wednesday  evening  a 
very  fine  aquatic  program  will  be  conducted.  All  may 
view  the  submarine  dexterity  of  our  more  versatile  mem- 
bers. The  stunt  races  will  be  particularly  amusing  to 
the  spectators  and  the  sprinting  and  diving  will  create  a 
fair  amount  of  excitement. 

The  conduct  of  the  sports  program  will  be  in  the  hands 
of  a  committee  of  which  Mason  P.  Rumney  is  chairman. 
Mr.  Rumney  has  announced  the  following  as  the  per- 
sonnel of  his  committee,  each  member  being  responsible 
for  the  branch  of  sports  opposite  his  name. 

SPORTS  COMMITTEE 

Mason  P.  Rumney,  Chairman 

Golf  Frank  Lawrence 

Tennis  Robert  K.  Floyd 

Swimming  C.  H.  Brennan,  C.  B.  Waterman 

Baseball  Neil  McMillan,  Jr.,  E.  R.  Stroh 

Field  and  Track  Lloyd  P.  Jones,  E.  V.  Rippingille 

Inter-Section  Contest  Walter  C.  Keys 

Clerk  of  Course  C.  H.  Van  Sicklen 

Professional  Director  Victor  Tomlinson 

The  complete  list  of  sports  events  and  tournaments  is 
printed  in  another  column.  Entries  should  be  made  at 
the  headquarters  of  the  Sports  Committee  upon  arrival 
at  White  Sulphur  Springs. 


GERMAN  EXPORT  TRADE 


THERE  is  reason  to  believe  that  the  advantage  to  the 
German  export  trade  as  a  whole  has  been  exaggerated. 
Certainly  the  available  figures  of  aggregate  German  exports 
do  not  yet  bear  out  the  fear  that  Germany  is  making  extraor- 
dinary progress  in  the  world's  markets.  Moreover,  as  the 
German  wage-earners  and  the  general  public  have  become 
more  and  more  accustomed  to  think  in  terms  of  the  external 
value  of  the  mark,  it  appears  that  operating  costs  have 
tended  to  advance  more  nearly  in  proportion  to  advances  in 
general  prices.  Again,  the  advantage  obtained  by  the  ex- 
porter who,  for  example,  has  been  able  to  sell  his  goods  for 
dollars  and  to  buy  marks  at  reduced  external  values,  is  in 
part  offset  by  the  price  that  he  must  pay  for  the  imported 
raw  materials  necessary  to  the  manufacture  of  goods  for 
later  exportation.  In  many  other  ways  the  apparent  initial 
advantage  is  in  part  offset  by  corresponding  disadvantages. 
In  specific  lines  of  industry,  however,  there  is  no  doubt 
that  the  German  exporter  has  enjoyed  great  initial  advan- 
tages.     Manufacturers    of    other    countries,    in    given   cases, 


have  actually  faced  cut-throat  competition  from  Germany 
that  for  the  time  has  seemed  to  threaten  the  existence  of 
part  of  their  foreign  trade.  Moreover,  goods  sold  by  Ger- 
many in  the  domestic  markets  of  other  nations  have  actually 
threatened  to  destroy  the  home  market  for  some  of  the  manu- 
facturers of  those  nations. 

While  in  the  case  of  individual  industries  the  German  com- 
petition has  been  a  real  menace,  the  most  important  obstruc- 
tion to  normal  trade  recovery,  so  far  as  the  German  problem 
is  concerned,  is  not  to  be  found  in  the  actual  amount  of 
destructive  competition.  On  the  contrary  it  is  to  be  found 
in  three  other  facts;  the  general  uncertainty  thrown  into  the 
entire  trade  situation  by  threatened,  rather  than  actual, 
German  competition;  the  danger,  incurred  in  making  con- 
tracts for  future  delivery,  arising  from  the  wide  fluctuations 
of  the  exchanges,  and  the  stimulation  to,  and  often  the  neces- 
sity of,  diverting  money  and  energy  from  productive  effort 
in  normal  lines  to  speculative  or  financial  transactions  in 
extraordinary  lines. — Commerce  Monthly. 


STANDARDIZATION 


O  TANDARDIZATION  carried  out  on  a  sound  engineering 
^5   basis  has  the  following  significant  aspects: 

It  enables  the  buyer  and  the  seller  to  speak  the  same 
language,  and  makes  it  possible  to  compel  com- 
petitive sellers  to  do  likewise 

Better  quality  of  the  product  through  ability  of  the 
manufacturer  to  concentrate  on  better  design  and 
through  the  reduction  of  manufacturing  expense 

It  lowers  the  unit  cost  to  the  public  by  making  mass 
production   possible 

By  simplifying  the  carrying  of  stocks,  it  makes  de- 
liveries quicker  and  prices  lower 

It  decreases  litigation  and  other  factors  tending  to  dis- 
organize industry,  the  burden  of  which  ultimately 
falls  upon  the  public 


It  eliminates  indecision  in  both  production  and  utili- 
zation, a  prolific  cause  of  inefficiency  and  waste 

It  stabilizes  production  and  employment,  by  broadening 
the  possible  market,  and  by  making  it  safer  for 
the  manufacturer  to  accumulate  stock  during 
periods  of  slack  orders  to  an  extent  that  would  not 
be  safe  with  an  unstandardized   product 

By  focusing  on  essentials,  it  decreases  the  selling  ex- 
pense, one  of  the  serious  problems  of  our  economic 
system 

By  concentrating  on  fewer  lines,  it  enables  more 
thought  and  energy  to  be  put  into  designs,  so  that 
they  will  be  more  efficient  and  economical — 
Bulletin  of  the  Chamber  of  Commerce  of  the 
United  States. 
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Detonation  Characteristics  of  Some 
Blended  Motor-Fuels 


By  Thomas  Midgley,  Ju.1  and  T.  A.  Boyd2 


Si  mi-Awi  \i    Mi  i  1 1\..  I'm  H 


T11K  effects  of  admixtures  of  various  percentages  of 
alcohol  ami  alcohol-benzene  mixtures  fur  reducing  the 
detonating  tendency  of  paraffin  hydrocarbons  have  been 
measured  by  the  authors.  These  results  represenl  an  exten- 
sion of  previous  work  in  which  similar  determinations  were 
made  for  benzene  and  other  aromatic  hydrocarbons.  The 
bouncing-pin  apparatus  was  used  Eor  making  the  determina- 
tions. Tlic  data  obtained  by  its  use  are  considered  to  have 
a  high  degree  of  accuracy. 

In  order  that  the  effects  of  the  blending  materials  might 
be  measured  through  as  wide  a  range  as  practicable,  they 
were  blended  with  kerosene  Eor  making  the  majority  of  the 
determinations.  This  made  it  possible  to  ascertain  the 
characteristics  of  the  materials  up  to  a  concentration  of 
80  per  cent  of  benzene  or  50  per  cent  of  alcohol  without 
introducing  the  difficulties  due  to  excessively  high  engine 
compression.  Because  xylidine  has  the  property  of  exert- 
ing a  powerful  suppressing  action  on  detonation  when 
present  in  a  fuel  in  percentages  thai  are  relatively  very 
small,  the  standard  used  as  a  basis  of  comparison  in  the 
tests  was  composed  of  small  percentages  of  xylidine  in  the 
paraffin  fuel.  Tables  and  curves  are  appended  that  show 
the  results  of  the  tests  in  detail. 

THAT  the  addition  of  benzene  and  other  aromatic 
hydrocarbons  to  paraffin-base  gasolines  greatly 
reduces  the  tendency  of  these  fuels  to  detonate 
when  used  in  automobile  engines  has  been  known  for 
some  time.  Also,  it  is  well  known  that  alcohol  when 
blended  with  a  paraffin-base  gasoline  improves  the  com- 
bustion characteristics  of  the  fuel.  The  extension  of  tht 
by-product  coking  industry  in  the  I'nited  States  during 
recent  years  has  resulted  in  such  an  increase  in  the  pro- 
duction of  light  oil  that  it  can  be  absorbed  only  by  the 
use  of  a  part  of  the  material  as  a  motor  fuel.  This, 
coupled  with  the  freedom  from  detonation  that  char- 
acterizes the  combustion  of  benzol  in  engines,  is  causing 
the  use  of  benzol-gasoline  blends  as  motor  fuels  to  be 
extended  as  rapidly  as  the  benzol  that  is  available  will 
permit.  The  scarcity  and  high  price  of  gasoline  in  coun- 
tries where  sugar  is  produced  and  the  abundance  of  raw 
material  for  making  alcohol  there  have  resulted  in  a 
rather  extensive  use  of  alcohol  for  motor  fuel  in  these 
districts.  As  the  reserves  of  petroleum  in  this  Country 
become  more  and  more  depleted  the  use  of  benzol,  and 
particularly  of  alcohol,  in  commercial  motor-fuels  will 
probably  become  greatly  extended. 

Alcohol  as  produced  commercially  dissolves  in  gasoline 
only  to  a  very  small  extent;  but  the  addition  of  a  proper 
percentage  of  an  aromatic  hydrocarbon,  such  as  benzol, 
toluol  or  xylol,  to  the  mixture  renders  the  ingredients 
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completely  miscible.  The  availability  of  benzol  for 
blending  with  motor  fuels  makes  possible  the  use  of 
alcohol  in  such  mixtures.  Blended  motor-fuels  contain- 
ing the  three  ingredients,  alcohol,  benzol  and  gasoline 
have  been  sold  in  some  parts  of  this  Country  for  some 
time. 

The  object  of  this  paper  is  to  report  the  progress  that 
has  been  made  in  measuring  the  detonating  tendencies 
of  mixtures  of  some  of  the  principal  materials  t hat  are 
used  as  components  of  the  blended  motor-fuels  now  avail- 
able commercially.  The  detonation  characteristics  of 
aromatic  hydrocarbons  have  been  presented  in  a  paper 
entitled  Detonation  Characteristics  of  Blends  of  Aro- 
matic and  Paraffin  Hydrocarbons  that  is  soon  to  be  pub- 
lished in  the  Journal  of  Industrial  and  Engineering 
Chemistry.  These  results  have  since  been  extended  by 
determining  the  detonation  characteristics  of  blends  of 
alcohol  and  of  alcohol-benzol  mixtures  with  paraffin 
hydrocarbons.  Although  these  data  are  incomplete  and 
have  not  been  obtained  in  such  a  form  as  to  be  uni- 
versally usable,  it  was  thought  advisable  to  present  some 
of  them  in  this  way,  especially  in  view  of  the  fact  that  a 
considerable  amount  of  the  matter  dealing  with  this  sub- 
ject that  has  been  published  in  the  past  is  in  error.  As 
examples  of  this  the  following  statements  by  Ricardo 
may  be  cited: 

(1)  Xylene  is  inferior  to  toluene  for  the  suppression  of 
detonation3 

(2)  The  detonation  point  of  mixtures  of  ethyl  alcohol, 
acetone,  toluene  and  xylene  with  paraffin  and  other 
hydrocarbons,  follows  a  straight  law  when  the 
mixture  is  apportioned  by  weight  and  not  by  vol- 
ume; that  is,  the  addition  of  40  per  cent  by  weight 
of,  say,  toluene  to  hexane  would  raise  the  detona- 
tion point  exactly  four  times  as  much  as  the  addi- 
tion of  10  per  cent1 


The  primary  reason  for  the  unreliability  of  some  of 
the  data  on  blending  characteristics  that  have  been  ob- 
tained and  published  is  the  previous  lack  of  a  means  for 
measuring  the  detonating  tendencies  of  fuels  with  suffi- 
cient accuracy.  The  use  of  the  bouncing-pin  method  for 
the  measurement  of  the  intensity  of  detonation,  how- 
ever, gives  results  that  are  reliable  and  have  a  high 
degree  of  accuracy.  This  instrumentation,  which  is  illus- 
trated in  Fig.  1  and  was  described  in  our  paper  entitled 
Methods  of  Measuring  Detonation  in  Engines'  that  was 
presented  at  the  1922  Annual  Meeting  of  the  Society,  has 
made  it  possible  to  secure  the  data  that  are  presented  in 
this  paper. 

In  order  that  the  effects  of  blending  materials  might 
be  measured  in  as  wide  a  range  of  concentrations  as 
practicable,  they  were  blended  with  kerosene  for  making 
the  majority  of  the  determinations  reported  in  this  paper. 
The  greater  tendency  of  kerosene  than  lighter  paraffin 
hydrocarbons  to  detonate  made  it  possible  to  determine 
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110  Volts 
Direct furrent 


10 Per Cent 
Sulphuric 


Fig.  1- 


■Arrangement  of  Apparatus  for  Measuring  Detonation  by 
the  Bouncing-Pin  Method 


the  detonation  characteristics  of  blends  up  to  a  concentra- 
tion of  80  per  cent  benzene  or  50  per  cent  alcohol  with- 
out introducing  the  difficulties  incident  to  excessively 
high  engine  compression.  The  curves  of  Fig.  2  show 
that  in  general  the  characteristics  of  gasoline  blends 
follow  closely  those  of  kerosene.  This  agreement  is  still 
better  on  the  molecular  basis,  as  is  brought  out  in  the 
previously  mentioned  paper  on  Detonation  Character- 
istics of  Blends  of  Aromatic  and  Paraffin  Hydrocarbons. 
So  that  results  obtained  from  a  given  concentration  of 
blending  material  in  kerosene  are  applicable  within  fairly 
close  limits  to  blends  of  similar  compositions  in  which 
the  kerosene  has  been  replaced  by  a  gasoline. 

On  account  of  variations  in  engine  conditions  it  is 
evident  that  data  obtained  from  any  particular  engine 
are  applicable  in  a  quantitative  way  only  to  that  one  de- 
sign and  set  of  conditions.  But,  although  widely  differ- 
ent behavior  may  characterize  the  combustion  of  a  certain 
fuel  in  two  different  engines,  the  relative  behaviors  of 
two  given  fuels  will  be  comparative  in  whatever  type  of 
engine  they  may  be  run.  Hence,  in  measuring  the  de- 
tonating tendency  of  any  fuel  it  is  essential  that  some 
standard  be  used  as  a  basis  of  comparison.  In  the  tests 
reported  herein  small  percentages  of  xylidine  in  the  same 
paraffin  fuel  that  was  used  for  blending  with  the  alcohol 
and  with  the  aromatic  hydrocarbons  were  employed  as  a 
standard.  Xylidine  has  the  property,  common  to  aro- 
matic amines  and  considerably  more  marked  in  a  number 
of  other  materials,  of  exerting  a  powerful  suppressing 
action  on  detonation,  when  pi-esent  in  a  fuel  in  percent- 
ages that  are  relatively  very  small.  Thus,  it  may  be  seen 
from  Fig.  2  that  1  per  cent  of  xylidine  in  kerosene  is 
equivalent  for  the  elimination  of  detonation  to  about  15 
per  cent  of  benzene  in  the  same  material.  This  property 
of  xylidine  makes  it  possible  to  convert  kerosene  into  a 
fuel  that  will  withstand  very  high  compressions  without 
knocking,  and  with  the  addition  of  such  a  small  percent- 
age of  xylidine  that  the  combustion  characteristics  of  the 


kerosene,  other  than  its  tendency  to  detonate,  are  not 
materially  changed. 

Properties  of  Materials  Used  as  Fuels 

The  materials  used  as  ingredients  of  the  various  fuels 
that  were  either  examined  or  employed  as  standards  in 
the  examinations,  the  results  of  which  are  reported  in 
this  paper  and  in  the  previous  one  referred  to  above, 
were  "high-test"  gasoline,  commercial  gasoline,  kerosene, 
xylidine,  benzene,  or  90-deg.  benzol,  toluene,  xylene  and 
alcohol.  The  xylidine  employed  was  a  commercial  ma- 
terial composed  of  the  mixed  xylidines.  The  alcohol  used 
was  absolute  ethyl.  The  use  of  absolute  rather  than 
commercial  denatured  alcohol  in  these  tests  was  neces- 
sary on  account  of  the  almost  complete  insolubility  of 
the  latter  in  paraffin  oils,  unless  a  "binder"  such  as 
benzol  is  used.  Some  physical  properties  of  the  other 
materials  included  in  this  list  are  presented  in  Table  1. 

A  ^i-kw.  Delco-Light  engine  was  used  for  making  all 
the  determinations.  This  is  a  single-cylinder,  air-cooled 
engine,  direct-connected  to  a  32-volt,  direct-current 
generator,  and  having  a  2H-in.  bore  and  a  5-in.  stroke. 
The  engine  was  standard,  except  that  a  means  was  pro- 
vided for  adjusting  the  spark-timing,  and  that  the  com- 
pression was  increased  by  stages  from  the  normal  ratio 
of  3.47  to  1  to  a  ratio  of  5.36  to  1.  This  was  done  by  a 
series  of  cylinder-heads  that  had  been  cut  down  by  differ- 
ent amounts,  so  as  to  reduce  the  clearance  volume  by 
corresponding  stages.  The  device  employed  for  measur- 
ing the  relative  intensities  of  different  detonations  and 
called  the  bouncing-pin  apparatus  is  shown  diagrammati- 
cally  in  Fig.  1. 
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Fig.  2 — Graphical  Arrangement  of  the  Data  Obtained  in  Deter- 
mining the  Detonation  Characteristics  of  Blends  of  Aromatic 
and  Paraffin  Htdrocarbons 
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The  method  used  in  making  the  determinations  can 
Lost  be  explained  by  giving  a  Bpecific  example,  for  which 
the  comparison  of  a  blend  containing  !•">  per  cent  of 
benzene  and  55  per  cent  of  kerosene  with  fuels  composed 
nail  percentages  of  xylidine  in  kerosene  was  em- 
ployed. A  compression-ratio  of  :'>.87  to  1  was  used,  so 
that  some  detonation  would  occur,  but  which  was  not  so 
violent  as  to  cut  down  the  power  of  the  engine  seriously 
or  to  cause  it  to  operate  in  an  erratic  manner.  The  fuel 
under  examination  was  put  into  one  side  of  the  fuel  sys- 
tem and  the  mixing-valve  on  the  engine  was  adjusted 
so  as  to  give  a  maximum  of  detonation.  This  adjust- 
ment produces  close  to  the  leanest  possible  mixture  for 
maximum  power.     By  trial  it  was  found  that  5  per  cent 

■.\lidine  in  kerosene  had  a  slightly  less  detonating 
tendency  than  the  benzene-kerosene  blend  under  exami- 
nation. This  fuel  was  then  placed  in  the  other  side  of 
the  fuel  system  and  its  level  was  adjusted  so  as  to  give 
the  point  of  maximum  detonation.  The  setting  of  the 
mixing-valve  was  left  undisturbed  throughout  the  deter- 
mination SO  that  the  compression  pressure  of  the  engine 
would  be  unchanged.  A  number  of  alternate  1-min.  runs 
were  then  made,  with  the  5-per  cent-xylidine-in-kerosene 
and  the  benzene-kerosene  blend.  The  amount  of  gas 
evolved  in  the  electrolytic  cell  during  each  period  was 
recorded.  The  output  of  the  generator  in  volts  and 
amperes  was  also  kept  as  a  matter  of  record.  After  three 
to  six  runs  had  been  made  with  each  fuel,  the  benzene- 
kerosene  blend  was  replaced  with  4  per  cent  of  xylidine 
in  kerosene  and  a  second  series  of  runs  was  made  in  the 
same  manner.  The  amounts  of  gas  evolved  during  the 
1-min.  runs  were  then  averaged,  and  the  values  thus  ob- 
tained for  the  xylidine-kerosene  fuels  were  plotted  on  a 
coordinate  chart  having  as  its  vertical  axis  the  amount 
of  gas  evolved  per  minute  and  as  its  horizontal  axis  the 
percentage  of  xylidine  in  kerosene.  These  two  points 
were  next  joined  by  a  straight  line.  From  the  point  at 
which  this  line  crossed  the  horizontal  line  corresponding 
to  the  volume  of  gas  evolved  by  the  benzene-kerosene  fuel 
under  examination  a  vertical  projection  was  made  to  the 
horizontal  scale  at  the  bottom  of  the  chart  giving  the 
percentage  of  xylidine  in  kerosene.  The  intersection  of 
this  projected  line  with  the  bottom  scale  then  gave 
directly  the  percentage  of  xylidine  in  kerosene  that  was 
equivalent  in  its  effect  for  the  supression  of  detonation 

16  per  cent  of  benzene  in  kerosene. 

Results 

The  data  obtained  in  the  tests  on  which  this  paper  is 
based  are  given  in  Tables  2  and  3.    The  averages  of  the 


TABLE  1 — PHYSICAL  DATA  ON  THE  FUELS   USED  IN  THE  TESTS 

Commer-  "High-  Benzene, 
elal  T«*t"    90-1  u-k. 

Hydrocarbon         Kerosene  Gasoline  Gasoline  Bensol  Toluene   Xylene 
Specific  '  >i  .i\  n 


15        I  >.  >; 

■  59   i  leg    Pahr  > 

O.gK 

1        0.734 

0.704 

0.878 

0.860 

«     0.860* 

Absorption  1 1 

Sulphuric    Acid, 

per  « •  iii 

7 

5 

3 

.  .  .  . 

.... 

Distillation  Tem- 

peratures 

• 

First  I  »i-"j». 

deg.   »•»  hi 

186.0 

40. n 

II  a 

74.0 

107  0 

135.0 

<lt-K,   fahr. 

360  B 

104.0 

111.2 

L66  2 

275.0 

10  Percent, 

deg 

2 

59.0 

77.6 

108.0 

136.0 

deg.  fahr, 

393  v 

l  19  ii 

138.2 

171.6 

226.4 

10  Perl  lent. 

deer,   cent 

207  0 

x:i  5 

68.5 

78.7 

136  2 

il.-tr    fahr. 

mi  6 

178.7 

277.2 

SO  Per  <  vm. 

deg,  cent. 

2  1  2  0 

99.0 

76.0 

79.2 

108.6 

136.5 

'L-t:.    fahr 

413.0 

168.8 

174.6 

227.5 

277.7 

1"  Per  Cent, 

.  .  i,i 

217.6 

111.5 

82.7 

79.8 

108.7 

136.7 

ilre.    fahr. 

180.9 

175.6 

227.7 

278.1 

:,n  Per  Cent, 

deg.  cent. 

222  ii 

126  0 

89  :: 

80  l 

108  ! 

136.9 

(leg.   fahr. 

(81.6 

257.0 

176.2 

227  f 

278.4 

60  Percent, 

(leg.  cent 

227  5 

l  in  ii 

96.0 

108.8 

137.1 

'Ire.  fahr. 

441.5 

JM  0 

204.8 

176.9 

227.8 

278.8 

70  TerCent, 

dee.  cent 

233.5 

157.5 

103.0 

81.1 

108.8 

137.3 

W.-L'.    fahr. 

162.8 

217.4 

178.0 

227  v 

279.1 

SO  Pi  i-  rmt. 

deg.    cent. 

241  0 

177  ii 

11  1  (i 

i  17.5 

deg,    fan] 

I6E  B 

350.6 

237.2 

179.6 

228.0 

• 

90  Per  Cent 

deg.   cent. 

200.0 

12S.0 

85.0 

109.0 

137.8 

lire     fahr. 

4SS.3 

392.0 

262.4 

185.0 

228.2 

280.0 

95  Ter  Cent. 

d<-e    cent. 

268  ii 

219.0 

157.0 

92.5 

109.2 

138.1 

ilrfT.    fahr. 

MM 

314.6 

228.6 

280.6 

Dry,    deg.   cent. 

291  'i 

226  0 

178.0 

<ieg.  fahr. 

438.8 

352.4 



'Approximate. 

results  given  in  these  tables  have  been  used  in  plotting 
the  curves  on  the  chart  reproduced  in  Fig.  3.  Attention 
is  called  to  the  consistency  of  the  data,  and  to  the  agree- 
ment between  the  results  obtained  with  like  concentra- 
tions of  given  materials.  The  close  checks  that  were 
made  in  different  determinations  of  the  detonation  char- 
acteristics of  a  given  blend  indicate  that  the  values  as 
obtained  have  a  high  degree  of  accuracy'. 

Fig.  2  gives  a  graphical  presentation  of  the  results 
obtained  in  measuring  the  detonation  characteristics  of 
blends  of  aromatic  and  paraffin  hydrocarbons.  These 
data  are  tabulated  and  discussed  in  the  previous  paper 
referred  to  above.  From  Fig.  2  the  rapidly  increasing 
slope  of  the  curves  as  the  percentage  of  the  aromatic 
constituent  is  raised  may  be  noted.  Thus  the  curves 
show  that  the  presence  of  only  a  small  percentage  of  an 


TABLE     2— DATA 

OBTAINED    IN 

DETERMINING     THE     DETONATION  CHARACTERISTICS    OF 

VARIOUS    BLENDS 

OF    ALCOHOL    AND 

KEROSKNF. 

Det 

minat.cm 
Number 

Compressiun- 
Ratio 

Spark, 

fore 
Tup  Dead-Center 

Alcohol-Kerosene  Blend 

Alcohol               Kerosene 

by  Volume,          by  Volume, 

percent                percent 

Determined  Equivalent  Xylidine 

in  Kerosene  by  Volume,  per  cent 

Individual               Average 

74 

T."> 
76 

3.47  to 
3.47  to 
3.47  to 

1 
1 
1 

43 

4:; 

15 

15 

15 

85 
85 
85 

2.25 

2.30 
2.40 

2.30 

68 

To 

3.87  to 
3.87  to 
3.87  to 

1 
1 
1 

32 
32 
32 

25 
25 

25 

7.", 
75 

7:. 

4. CO 
4.60 
4.60 

4.60 

".  t 
66 

4.59  to 
4.59  to 
4.59  to 
4.59  to 

1 
1 
1 

1 

32 
32 
32 
32 

35 
35 
35 
35 

65 
65 
65 
65 

7.40 
7.16 
7.00 
7.10 

7.20 

50 
51 

52 

5.36  to 
5.36  to 
5.36  to 

1 

1 
1 

25 
25 
25 

50 
50 
50 

50 
50 
50 

12.40 
12.70 
12.80 

12.60 
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TABLE   3- 


-DATA   OBTAINED   IN    DETERMINING   THE    DETONATION     CHARACTERISTICS    OF     VARIOUS 
MOLECULAR  MIXTURE  OF  ALCOHOL  AND   BENZENE  WITH    KEROSENE 


BLENDS     OF     AN     EQUI- 


Fuel 

Blend 

Equi-molecu 

ar 

Kerosene, 

Detei 

mined    Equiv 

alent  Xyli- 

Spark, 

Alcohol  an 

d 

by 

dine 

in  Kerosene, 

by  Volume, 

Determination 

Compression- 

Degrees  Before 

Benzene,  by 

Volume, 

per  cent 

i 

Number 

Rat 

10 

Top 

Dead-Center 

Volume,  per 

cent  per  cent 

Individual 

Average 

77 

3.47 

to 

1 

43 

20 

80 

2.35 

78 

3.47 

to 

1 

43 

20 

80 

2.25 

79 

3.47 

to 

1 

43 

20 

80 

2.15 

2.25 

71 

3.87 

to 

1 

32 

35 

65 

4.65 

72 

3.87 

to 

1 

32 

35 

65 

4.75 

73 

3.87 

to 

1 

32 

35 

65 

4.75 

4.75 

80 

4.59 

to 

1 

32 

50 

50 

8.60 

81 

4.59 

to 

1 

32 

50 

50 

8.20 

82 

4.59 

to 

1 

32 

50 

50 

8.60 

8.50 

84 

5.36 

to 

1 

25 

65 

35 

13.15 

86 

5.36 

to 

1 

25 

65 

35 

13.55 

87 

5.36 

to 

1 

25 

65 

35 

13.45 

88 

5.36 

to 

1 

25 

65 

35 

13.30 

13.40 

aromatic  hydrocarbon  in  a  paraffin  fuel  has  but  a  slight 
effect  toward  supressing  detonation.  This  is  in  agree- 
ment with  the  practical  observation  made  by  those  who 
have  used  benzol-gasoline  blends  that  the  addition  of  less 


10 


20     30     40      50     60    70      80    90    100 
Blendinq  Material  by  Molecules, per  cent 
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Fig.   3 — Chaet  Showing  the  Effects  on   the  Detonation  Char- 
acteristics of  Kerosene  of  Blending  with  It  Vakious  Percent- 
ages of  Alcohol  and  P.enzene 

than  20  per  cent  of  benzol  to  a  commercial  gasoline  or  a 
naphtha  exerts  only  a  small  influence  toward  causing  the 
engine  to  give  smoother  operation.  But  when  benzol  is 
blended  with  paraffin  fuels  in  larger  percentages  its  effect 
increases  rapidly  as  its  concentration  relative  to  the 
paraffin  fuel  is  raised.     This  is  due,  in  part  at  least,  to 


the  greater  percentage  of  reduction  in  the  amount  of  the 
paraffin  constituent  present  as  the  aromatic  content  of 
the  blend  is  increased.  It  will  also  be  observed  from 
Fig.  2  that  toluene  on  the  basis  of  volume  is  more  effec- 
tive than  benzene  for  eliminating  detonation  conditions, 
and  that  xylene  is,  in  turn,  still  more  effective  than 
toluene  for  this  purpose. 


25  30  35  4-0 

Blending  Material  by  Volume  jpercerrr 

80  75  70  65  60  55 

Kerosene  by  Volume, per  cent 

Fig.   4 — A  Blend  of  Two  Fuels  Sometimes  Has  a  Greater  Ten- 
dency to  Detonate  Than  Is  Indicated  et  a  Mean  of  the  Values 
of  Its  Components 


Vol.   X 


June,   1922 


No.  r> 


DETONATION  CHARACTERISTICS  OF  SOME  HI.l'ADl'.l)  MOTOR-FUELS 


455 


The  vertical  scale  at  the  right  of  Fig.  2  Bhowa  approxi- 
mately the  increments  in  compression  pressure  of  the 
engine  that  are  made  possible  by  the  addition  to  a 
paraffin  fuel  of  the  corresponding  percentages  of  xylidine 
given  on  the  vertical  scales  to  the  left.  From  the  two 
scales  on  the  charts  it  will  be  observed  thai  the  addition 

of  1  per  cent  of  xylidine  to  a  fuel  that  gives  incipient 
del. Mia!  ion  in  a  certain  engine  makes  it  possible  to  raise 
the  compression  of  the  engine  about  10  lb.,  without  any 
greater  detonation  being  obtained  than  with  the  un- 
treated fuel  at  the  original  and  lower  compression.  The 
increment  in  compression  made  possible  by  each  per  cent 
of  xylidine  added  to  the  fuel  can  only  be  approximate,!. 
but  the  values  given  are  based  upon  a  number  of  ob- 
servations made  under  practical  operating  conditions,  on 
engines  ranging  from  the  single-cylinder  Delco-Light  to 
the  12-cylinder  Liberty,  over  a  compression  range  of 
from  50  to  100  lb.  By  referring  the  curves  given  on  the 
charts  to  the  scales  at  the  right,  an  approximation  may 
be  obtained  of  the  relative  composition  necessary  to  give 
smooth  operation  at  a  corresponding  increase  above  the 


TABLE  4 — A  COMPILATION  OF  DATA  BASED  ON  PIG.  '■'•  AND 
II. II  STRATING  THE  OBSERVATION  THAT  A  BLEND  OP  TWO 
FUELS  SOMETIMES  HAS  A  GREATER  TENDENCY  To  DETONATE 
THAN  IS  INDICATED  MY  THE  CHARACTERISTICS  OK  ITS 
COMPONENTS 

(1)  Blending      Material     in 
Fuel     on    the    Basis    of 

Volume,  per  i  20         30         40         50 

(2)  Excess  Effect  of  Alcohol 
over  Benzene  in  Equiva- 
lent Percentage  of  Xyli- 
dine i  950  4.650  6.650 
Excess  Effect  of  Alcohol- 
Benzene     Mixture     over 

Benzene     in     Equivalent 
Percentage    of    Xylidine 
(8)    Actual  Value  0.700    1.150    1.700    2.550 

i  1  i    Mean    Value    of    Com- 

pon,  0.750    1.200    1.820    2.600 

(B)    Ratio  of  Value  in  Item  2 

to  That  in  Item  3  0.369    0.377    0.366    0.384 


normal  limiting  or  critical  compression  of  the  paraffin 
fuel  alone. 

The  data  in  Tables  2  and  3,  together  with  the  benzene- 
kerosene  curve  of  Fig.  2,  are  arranged  graphically  in 
Fig.  3.  This  chart  shows  to  a  good  advantage  the  rela- 
tion between  the  effectiveness  of  alcohol  and  that  of 
benzol  for  the  suppression  of  detonation  when  blended 
with  a  paraffin  fuel.  It  will  be  observed  that  on  the 
volume  basis  alcohol  is  considerably  more  effective  than 
benzol  for  this  purpose.  Thus,  from  the  chart,  35  per 
cent  of  alcohol  blended  with  kerosene  produces  an  effect 
in  suppressing  the  detonating  tendency  of  the  fuel  equal 
to  that  given  by  55  per  cent  of  benzol  blended  with  the 
same  material. 

The  middle  curve  of  Fig.  3  is  plotted  from  data  ob- 
tained in  determining  the  effect  of  blending  an  equi- 
molecular  mixture  of  alcohol  and  benzene  with  kerosene 
in  the  percentages  by  volume  as  indicated  in  Table  3. 
This  equi-molecular  mixture  was  composed  of  39.2  per 
cent  of  alcohol  and  60.8  per  cent  of  benzene  by  volume. 
A  given  volume  of  the  alcohol-benzene  mixture  contained, 
of  course,  equal  amounts  of  alcohol  and  benzene  on  the 
molecular  basis.  Thus,  100  cc.  of  the  mixture  contained 
0.675  gram  molecules  of  each  of  the  ingredients,  alcohol 
and  benzene.  The  curve  of  the  detonation  characteristics 
of  the  fuel  obtained  by  blending  this  mixture  with  kero- 
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TABLE  5 — RELATIONS  BETWEEN  AMOUNTS  OP  XYLIDINE  AND 

ALCOHOL    REQUIRED    TO    IMPART    TO  KEROSENE    LIKE    COM- 
III  SI  ION     CHARACTERISTICS    I'RoM    THE    STANDPOINT    OF    DE- 

.  HON 

Xylidine  in  In  Equivalent 

Kerosene,           In  Percentages,  Percentages, 

by  Volume,               by  Volume,  by  Molecules, 

percent            Alcohol      KerO  Alcohol      Kci 

1.4                  10.0            90.0  29.0            71.0 

2.3                  15.0            86.0  40.0           60.0 

4.6                  25.0            76.0  55.7            II.:: 

7.2                   35.0             65.0  67.0            37.0 

8.8                  in. n            60.0  71.5           28.5 

12.6                  50.0            50.0  79.0           21.0 


sene  should  lie  somewhere  between  the  curves  obtained 
in  a  similar  way  when  using  alcohol-kerosene  and 
benzene-kerosene  blends,  respectively.  Since  the  alcohol- 
benzene  mixture  contained  39.2  per  cent  of  alcohol  and 
60.8  per  cent  of  benzene  by  volume,  it  is  natural  to  sup- 
pose that  for  a  given  concentration  of  this  mixture  in 
kerosene  the  point  representing  the  detonation  value  of 
the  blend  should  lie  above  the  benzene-kerosene  curve 
a  distance  equal  to  0.392  part  of  the  differential  between 
similar  points  on  the  benzene-kerosene  and  the  alcohol- 
kerosene  curves.  Because  they  are  of  such  small  magni- 
tude no  account  has  been  taken  here  of  the  changes  in 
volume  that  occur  when  some  of  these  materials  are 
blended.  In  making  the  mixtures  used  in  the  tests,  each 
ingredient  was  measured  separately;  that  is,  before  be- 
ing blended.  But,  while  the  actual  points  lie  very  clo 
to  this  mean  value,  it  is  significant  that  in  every  case 
they  are  below  it.  This  statement  is  illustrated  by  the 
curves  of  Fig.  4  and  by  the  data  presented  in  Table  4. 
The  values  given  in  the  first  three  items  of  Table  4 
were  taken  directly  from  the  curves  of  Fig.  3,  and  those 
in  Item  4  were  obtained  by  multiplying  the  correspond- 
ing values  in  Item  2  by  0.392.  The  curves  in  Fig.  4  are 
based  on  those  in  Fig.  3  and  on  the  figures  in  Table  4. 

It  appears,  then,  that  the  mixture  obtained  by  blend- 
ing two  fuels  of  definite  detonation  characteristics  some- 
times has  a  greater  detonating  tendency  than  is  indicated 
by  the  arithmetical  mean  between  the  components  on  the 
basis  of  the  percentage  in  which  each  is  present.  Atten- 
tion has  previously  been  called  to  the  fact  that  in  some 
cases  two  fuels  of  similar  detonation  characteristics, 
upon  being  blended,  give  a  fuel  that  has  a  very  much 
greater  tendency  to  detonate  than  either  of  the  in- 
gredients." The  results  obtained  in  the  tests  reported  in 
this  paper  appear  to  indicate  that  this  characteristic  is 
common  to  blended  fuels ;  that  is,  the  detonating  ten- 
dency of  a  fuel  composed  of  two  ingredients  is  greater 
than  the  average  of  the  values  representing  the  detonat- 
ing tendencies  of  the  two  components  taken  separately. 
But  this  is  a  point  that  has  not  yet  been  determined 
accurately  for  a  wide  range  of  different  materials. 


TABLE  6 — RELATIONS  BETWEEN  AMOUNTS  OF  XYLIDINE  AND 
EQUI-MoLF.CULAR  MIXTURES  OF  ALCOHOL  AND  BENZENE 
REQUIRED  TO  IMPART  TO  KEROSENE  LIKE  COMBUSTION- 
CHARACTERISTICS    FROM    THE   STANDPOINT   OF  DETONATION 

In  Equivalent 
Xylidine  in  In  Percentages,  Percentages, 

Kerosene,  by  Volume,  by  Molecules, 

by  Volume,       Alcohol-  Alcohol-    • 

per  cent         Benzene     Kerosene       Benzene     Kerosene 
0.95  10.0  90.0  24.7  75.3 

2.25  20.0  80.0  42.5  57.5 

3.85  30.0  70.0  56.0  44.0 

"s:,  40.0  60.0  66.3  33.7 

8.50  50.0  50.0  74.7  25.3 

13.40  Im.ii  35.0  84.5  15.5 
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In  Tables  5  and  6  and  in  Fig.  5  are  shown  the  results 
obtained  by  converting  the  percentages  of  the  fuel  in- 
gredients by  volume  to  the  molecular  basis.  The  com- 
positions in  percentages  by  volume  as  given  in  Tables  5 
and  6  were  taken  from  the  curves  in  Fig.  3.  In  com- 
puting the  percentage  composition  of  a  blend  on  the 
molecular  basis  from  its  composition  by  volume  the 
specific  gravity  and  the  molecular  weight  of  each  of  the 
ingredients  were  employed.  In  view  of  the  somewhat 
wide  distillation-range  of  the  benzol  used  in  the  tests, 
the  values  for  which  are  given  in  Table  1,  a  molecular 
weight  of  79  instead  of  78  was  taken  for  the  benzene. 
Since  kerosene  is  not  a  definite  compound,  and  therefore 

7  See  The  Journal.  November,  1921.  p.  313. 
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Pig.   5 — Chart  Showing  the  Effects  on  the  Detonation  Char- 
acteristics of  Kerosene  of  Blending  with  It  Various  Molecular 
Percentages  of  Alcohol  and  Benzene 


does  not  have  a  definite  molecular  weight,  it  was  neces- 
sary to  compute  an  "average  molecular  weight"  for  the 
material.  This  was  done  by  the  method  of  Wilson  and 
Barnard.7  For  this  purpose  the  distillation  data  of  the 
fuel  given  in  Table  1  were  arranged  in  the  usual  type  of 
curve  in  which  the  temperature  is  plotted  on  the  vertical 
axis  against  the  percentage  distilled  on  the  horizontal 
axis.  From  this  curve  the  percentages  of  the  fuel  dis- 
tilling in  each  10-deg.  interval  were  obtained,  and  these 
values  were  plotted  on  a  chart  in  which  the  scale  of 
the  vertical  axis  was  in  terms  of  temperature.  The 
average  boiling-point  of  the  fuel  was  taken  as  the  point 
at  which  a  perpendicular  passed  through  the  center  of 
gravity  of  the  area  enclosed  under  this  differential 
distillation-curve  cut  the  horizontal  or  temperature  axis. 
As  determined  in  this  way  the  average  boiling-point  of 
the  kerosene  used  in  these  tests  was  226  deg.  cent.  (439 
deg.  fahr.).  The  approximate  molecular  weight  of  the 
kerosene  was  computed  so  as  to  bear  the  same  propor- 
tionate relation  to  the  hydrocarbons  next  above  and  below 
it  in  the  paraffin  series  as  the  average  boiling-point  of 
the  fuel  bore  to  the  normal  paraffin  hydrocarbons  occupy- 
ing like  positions  with  respect  to  it,  dodecane  and  tride- 
cane.  Obtained  in  this  way,  which  it  is  recognized  gives 
only  a  close  approximation,  the  average  molecular  weight 
of  the  kerosene  was  178.5. 

On  the  molecular  basis  there  is  not  such  a  marked 
difference  between  the  effectiveness  of  alcohol  and  that 
of  benzol  for  suppressing  detonation  as  shown  in  Fig.  5 
as  there  is  on  the  volume  basis  as  indicated  in  Fig.  3. 
The  closer  agreement  between  the  effects  of  the  two  ma- 
terials on  the  basis  of  molecular  concentration  is  due  to 
the  smaller  size  of  the  alcohol  molecule  as  compared  with 
that  of  the  benzene  molecule.  But  even  on  this  basis 
alcohol  is  still  more  effective  than  benzene  for  suppress- 
ing detonation.  Thirty-five  per  cent  of  alcohol,  which, 
as  is  indicated  above,  is  equivalent  in  effect  to  55  per  cent 
of  benzene  on  the  volume  basis,  is  equivalent  to  42  per 
cent  of  benzene  on  the  molecular  basis. 

Since  the  middle  curve  in  Fig.  5  is  based  on  the  results 
obtained  by  blending  an  equi-molecular  mixture  of  alcohol 
and  benzene  with  kerosene,  it  is  natural  to  suppose  that 
any  point  on  it  should  lie  half-way  between  the  points 
occupying  like  positions  on  the  two  outside  curves,  which 
were  obtained  by  blending  alcohol  and  benzene  separately 
with  kerosene.  However,  the  points  on  the  middle  curve 
do  not  occupy  this  middle  position;  but,  as  is  the  case  on 
the  volume  basis,  as  shown  in  Table  4  and  Fig.  4,  they 
are  uniformly  lower  than  the  mean  values  of  the  original 
components,  thus  showing  that  in  this  case  a  blend  of 
the  two  ingredients  is  not  so  effective  for  the  suppression 
of  detonation  as  the  mean  average  of  the  effects  of  the 
ingredients  would  indicate. 


THE  FARMER'S  REWARD 


IT  is  not  at  all  certain  that  the  farmers  are  rewarded  less 
than  the  rest  of  us.  In  the  height  of  the  war  period  he 
seems  to  have  done  better  than  the  mass  of  the  rest  of  us;  it 
has  been  shown  that  in  1918  the  average  reward  per  farmer 
for  labor,  risk  and  management,  measured  by  the  prices  of 
1913,  was  $826;  of  factory  employes,  $725,  and  of  Govern- 
ment employes,  $566. 

Before  the  war  the  farmer  was  low  man  in  the  scale,  and 
he  may  have  returned  there,  but  it  is  not  clear  whether  he  has 
been  properly  debited  with  the  value  of  what  he  consumes 
from  the  product  of  his  farm,  including  fuel.     Taking  that 


into  account  and  also  the  entirely  legitimate  differences  in  the 
character  of  clothing  and  other  necessities  required,  respec- 
tively, by  urban  and  rural  dwellers,  as  well  as  in  dwelling 
site  values,  ground  rent  of  homes,  the  farming  group  may 
not  seem  so  badly  treated  as  some  people  might  think 
after  all. 

This  does  not  militate  in  the  least  against  the  desirability 
of  absolutely  fair  and  just  treatment  of  the  farmer,  to- 
gether with  such  governmental  consideration  as  may  not  be 
special  privilege  rather  than  primarily  for  the  common  gain 
of  all  concerned. — Robert  Luce  in  Economic  World. 
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THE  perioral  method  of  procedure  taken  by  the  Air 
Service  before  beginning  the  actual  design  and 
construction  of  the  necessary  types  of  aircraft  engine 
is  outlined  and  the  four  steps  of  the  development  sub- 
sequent to  a  very  complete  study  of  existing  domestic 
and  foreign  engines  are  stated. 

After  checking  over  the  layouts,  if  all  the  details 
are  agreed  upon  by  both  the  designer  and  the  Engi- 
neering Division,  the  contract  is  placed,  usually  for 
two  experimental  engines,  and  the  construction  work 
is  begun. 

Acceptance  tests  are  made  to  demonstrate  that  the 
engine  is  capable  of  running  at  normal  speed  and  fir- 
ing on  all  cylinders.  These  are  followed  by  the  stand- 
ard performance  test  made  on  the  dynamometer  at 
McCook  Field.  The  results  of  the  latter  test  determine 
whether  the  engine  can  enter  the  50-hr.  endurance 
test.  The  engine  is  then  torn-down  and  inspected  for 
wear.  Suggested  modifications  are  embodied  in  re- 
constructed engines  which  eventually  fulfill  the  re- 
quirements. Descriptions  of  the  various  tests  are 
given  and  commented  upon. 


THE  development  of  an  aircraft  engine  is  denned  as 
the  work  which  is  done  between  the  time  of  mak- 
ing the  initial  scale  layout  and  the  time  when  the 
engine  is  ready  for  production.  The  purpose  of  this  paper 
is  to  describe  briefly  the  method  pursued  by  the  Engineer- 
ing Division  at  McCook  Field  in  accomplishing  this  work. 
Before  entering  into  a  description  of  the  methods  of 
aircraft  engine  development  the  need  for  the  many  types 
will  be  explained  briefly  and  what  are  the  general  steps 
to  be  taken  before  beginning  the  actual  design  and  con- 
struction of  these  types. 

At  the  close  of  the  war,  very  few  fully  developed  types 
of  engine  were  available  to  our  Air  Service.  We  had  a 
bombing  engine  which  was  good  for  various  two-seater 
airplanes,  but  we  did  not  have  entirely  satisfactory  pur- 
suit, training  or  heavy-bombing  engines.  The  operations 
group  of  the  Air  Service  promptly  prepared  a  set  of  per- 
formance specifications  for  16  types  of  aircraft  for  as 
many  military  uses.  Working  from  these  specifications, 
a  similar  list  was  prepared  of  the  sizes  and  types  of 
engine  that  would  be  needed  in  this  program,  with  the 
idea  of  making  them  available  as  rapidly  as  possible; 
and  a  very  complete  study  of  existing  domestic  and 
foreign  engines  was  begun.  First,  standard  test  methods 
were  laid  down.  Next,  standard  test-report  outlines  and 
contents  were  decided  upon.  Then  domestic  and  foreign 
engines  were  tested  in  two  ways,  i  a  )  by  a  so-called  stand- 
ard test  that  included  thorough  and  accurate  measure- 
ments of  all  phases  of  the  engine's  performance  and  in 
some  cases,  (h)  by  a  50-hr.  test  for  the  purpose  of  com- 
paring the  durability  of  the  engine  with  that  of  others. 
A  this  work  got  well  under  way,  we  started  to  work  out 
improvements  for  existing  domestic  types  and  arranged 

—Chief   of    powerplant    section,    engineering    division. 
Air  Service,  Dayton,  Ohio.        , 


with  suitable  contractors  for  the  design  and  construction 
of  new  types  that  appeared  to  be  needed.  In  a  very  few 
cases  where  no  contractors  could  be  interested  the  designs 
were  laid  down  at  McCook  Field. 

The  study  of  existing  domestic  and  foreign  engines 
provided  valuable  data  on  such  characteristics  as  brake 
mean  effective  pressure,  horsepower  per  cubic  inch  piston 
displacement,  pounds  of  engine  per  cubic  inch  of  displace- 
ment, comparative  freedom  from  vibration  of  different 
types  and  comparative  durability.  It  was  noted  that  the 
fuel-consumption  was  controlled  largely  by  the  compres- 
sion-ratio, the  type  of  carbureter  and  the  type  of  mani- 
fold, provided  the  engine  showed  reasonable  mechanical 
efficiency  and  brake  mean  effective  pressure.  These  data 
on  the  characteristics  of  the  best  existing  engines  served 
as  a  fairly  good  guide  in  regard  to  what  types  of  design 
and  construction  would  prove  most  satisfactory  for  in- 
corporation in  the  engines  to  be  developed,  and  it  should 
be  noted  particularly  that  since  all  these  measurements 
were  taken  on  the  same  standard  equipment  and  by  the 
same  standard  methods,  the  results  were  unusually  com- 
parable. 

Development  Procedure 


In  general,  the  steps  in  the  development  of  engine  types 
have  been  as  follows : 

(1)  The  design  and  layout  are  started  in  most  cases 
by  civilian  contractors 

(2)  The  Engineering  Division,  upon  receipt  of  these 
layouts,  generally  checks  the  stress  and  weight 
calculations 

(3)  The  engine  is  checked  from  a  standardization  and 
installation  point  of  view;  in  other  words,  the  gaso- 
line, oil,  water,  throttle  and  electrical  connections 
must  be  standard  and  located  at  points  that  will 
be  accessible  after  the  engine  has  been  installed; 
provision  must  be  made  for  mounting  the  stand- 
ard electric  starter,  gun  synchronizers,  gasoline 
pump,  tachometer  drive  and  electric  generator. 
.Much  serious  trouble  in  airplane  design  and  en- 
gine maintenance  is  thus  avoided 

(-1)  The  layout  is  checked  to  see  that  it  has  embodied 
the  latest  experience  of  the  Engineering  Division 
and  its  contractors  in  design  and  constructional 
details 

The  Engineering  Division  acts  as  a  clearing-house  for 
approved  practice  in  design  and  construction.  For  ex- 
ample, the  good  points  of  an  engine  designed  by  the  En- 
gineering Division  or  a  civilian  company  can  be  applied 
to  an  engine  designed  by  some  other  company.  This 
practice  has  been  of  great  benefit  when  engines  have  been 
designed  by  the  various  civilian  contractors'  as  well  as 
when  designed  by  the  Engineering  Division. 

After  checking  the  layouts  and  when  all  the  details 
have  been  settled  to  the  satisfaction  of  the  designer  and 
the  Engineering  Division,  the  experimental  contract  is 
placed  and  the  construction  work  started.     The  contract 
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Fig.   1 — Typical  Set  of  Crankshaft  Gears  That  Have  Been  Dam- 
aged by  Whipping  of  the  Crankshaft 

generally  calls  for  at  least  two  engines,  inasmuch  as  it 
has  been  found  that  much  delay  is  avoided  by  having  an 
extra  engine  ready  for  test  in  case  of  an  accident  oc- 
curring to  the  first  one;  however,  when  the  design  is  con- 
sidered unusually  experimental,  the  contract  generally  is 
made  for  one  engine  with  a  rather  large  allowance  for 
spare  parts,  which  amounts  almost  to  a  second  engine 
unassembled.  After  the  construction  of  the  engine  is 
started,  the  detailed  inspection  generally  is  carried  on  by 
the  contractor,  but  usually  the  plant  is  visited  and  the 
work  looked  over  during  the  most  interesting  stages  of 
construction. 

Acceptance  Tests 

After  the  engine  has  been  completed,  the  acceptance 
test  is  run,  sometimes  at  McCook  Field  and  sometimes 
at  the  contractor's  plant,  according  to  where  the  work 
can  be  done  most  conveniently.  The  natui'e  of  these 
tests  is  generally  little  more  than  a  demonstration  that 
the  engine  is  capable  of  running  at  normal  speed  and 
firing  on  all  cylinders.  The  more  experimental  or  non- 
conventional  the  engine  is,  the  less  severe  are  the  tests. 
This  is  due  to  an  attitude  on  our  part  of  being  responsi- 
ble for  the  design,  since  it  has  been  checked  so  carefully 


Fig.    2 — Magneto    Coupling    in    Which    the    Rivets    Have    Been 

Sheared  and  the  Splines  Worn   as   a   Result  of  the  Torsional 

Vibration  Transmitted  from  the  Crankshaft 


from  the  start  and  since  many  basic  changes  are  often 
incorporated.  The  acceptance  test  generally  shows 
whether  the  engine  has  been  constructed  and  assembled 
in  a  satisfactory  manner  and  the  engine  is  accepted  or 
rejected  on  the  basis  of  the  results  of  this  test.  It  under- 
goes the  standard  performance  test  at  McCook  Field. 

If  the  cylinder  construction  of  the  new  engine  is  not 
of  a  well-proved  type,  the  construction  of  the  complete 
engine  usually  is  held  up  pending  the  construction  of  one 
cylinder,  the  making  of  thorough  tests  of  it  on  one  of  the 
universal  test  engines.  These  single-cylinder  tests  often 
show  many  troubles  but,  fortunately,  most  of  them  can 
be  remedied  by  modifying  the  design  or  methods  of  con- 
struction. Frequently  changes  in  the  design  of  the  valves, 
valve-guides  or  valve-gear  are  found  necessary.  Some- 
times the  compression-ratio  proves  too  high  or  unneces- 
sarily low,  and  the  best  location  and  number  of  spark- 
plugs as  well  as  the  proper  spark-timing  and  piston  clear- 
ance have  to  be  ascertained.  If  the  results  with  the  single 
cylinder  should  prove  too  bad,  the  entire  project  would  be 
held  up  indefinitely  pending  the  design  and  development 
of  a  more  satisfactory  cylinder;  or  perhaps  abandoned. 
Generally  the  results  can  be  made  satisfactory  and  the 
work  proceeds. 

We  find  that  the  single-cylinder  tests  are  very  satis- 
factory in  everything  but  fuel-consumption.  Fuel-con- 
sumption readings  are  only  comparable  with  other  single- 
cylinder  results  and  are  not  comparable  with  results  to" 
be  obtained  from  multi-cylinder  engines.  The  writer  is 
responsible  for  the  use  of  these  single-cylinder  engines 
for  this  work  and  is  endeavoring  to  carry  the  idea  of 
testing  "by  units"  much  farther.  In  newly  designed 
engines,  the  fuel-pumps,  oil-pumps,  water-pumps,  igni- 
tion systems  and  carbureters  can  all  be  thoroughly  tested 
in  an  accessories  laboratory  entirely  independently  of  the 
rest  of  the  engine.  In  one  of  the  engines  designed  at 
McCook  Field  an  entire  gearcase  assembly  was  tested  to 
determine  whether  the  complicated  lubricating  system 
was  satisfactory.  This  was  done  by  mounting  it  in  the 
accessories  laboratory  and  driving  it  at  normal  speed  by 
an  electric  motor,  using  a  thin  oil  of  a  viscosity  similar 
to  that  of  the  Air-Service  specification  oil  when  at  the 
working  temperature.  Faults  in  the  oiling  system  were 
found  much  more  quickly  and  cheaply  in  this  way  than 
by  testing  the  assembly  on  a  complete  engine.  Obviously, 
if  enough  parts  of  the  engine  can  be  tested  separately  at 
small  expense  and  risk,  the  complete  engine  is  far  more 
certain  of  satisfactory  results  when  assembled,  and  many 
costly  wrecks  can  be  avoided.  It  is  believed  that  much 
more  progress  can  be  made  along  this  line. 

The  Standard  Test 

When  the  completed  engine  is  placed  on  the  dynamome- 
ter at  McCook  Field  ready  for  its  standard  perform- 
ance tests,  assuming  that  it  has  not  been  placed  in 
good  running  condition  previously,  the  procedure  is 
about  as  follows :  The  engine  is  motored  over  with  plenty 
of  good  oil  and  water  circulating  through  it  until  the 
horsepower  needed  to  motor  it  over  at  normal  speed  bears 
a  predetermined  relation  to  the  horsepower  to  be  ex- 
pected from  the  engine,  thus  assuring  satisfactory  and 
standard  conditions  within  the  engine.  Carbureter  chokes 
are  selected  that  will  produce  a  satisfactory  manifold  de- 
pression when  the  engine  is  being  motored  over  at  normal 
speed.  We  do  not  deceive  ourselves  by  running  engines 
with  large  chokes  and  low  manifold-depressions  that  are 
impractical  in  flight;  therefore,  the  manifold  vacuum  is 
held  between  1  and  2  in.  of  mercury.  After  this,  the  jets 
can  be  adjusted  so  that  they*  meter  an  amount  of  fuel 
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in  accordance  with  that  to  lie  expected  per  horsepower- 
hour,  thus  insuring  a  carbureter  setting  and  mixture- 
ratio  easily  within  the  running  range.  Further  adjust- 
ments must  lie  made  by  actually  running  the  engine  under 
its  own  power,  l>ut  the  preliminary  steps  avoid  much 
guessing  at  the  start  Many  other  precautions  are  taken 
at  this  stage  of  the  work  but  they  are  covered  in  detail 
in  Engineering  Division  reports. 

A<  soon  as  the  engine  is  running  satisfactorily,  steps 
are  taken  to  improve  its  performance,  if  possible,  and  it 
is  then  put  through  the  standard  test  planned  to  provide 
all  the  desired  data  on  the  performance  of  the  engine. 
These  include  the  obtaining  of  full-throttle-power  and 
propeller-load-power  curves,  which  give  a  good  indica- 
tion of  the  fuel-consumption  in  throttle  flight  ;  measuring 
the  fuel  and  oil  consumption;  and  the  data  needed  by  the 
airplane  designer  such  as  rate  of  water  flow,  water-tem- 
perature rise  and  the  like.  In  case  of  failure  of  the 
engine  during  the  standard  test,  parts  that  are  affected 
are  studied  carefully  and,  if  practicable,  they  are  re- 
placed and  the  test  is  continued.  Fortunately,  most  of 
the  engines  we  have  developed  have  been  able  to  get 
through  the  standard  tests  and  at  least  gel  started  on 
the  long  endurance  test  that  follows.  At  the  close  of 
the  standard  test  the  engine  is  disassembled  and  inspected 
with  the  idea  of  ascertaining  whether  it  is  in  shape,  or 
can  be  put  in  shape,  to  start  on  the  endurance  test.  If 
at  the  end  of  the  standard  test  the  engine  is  not  in 
shape  to  start  on  the  endurance  test,  it  may  be  repaired, 
redesigned  or  abandoned,  according  to  the  results  shown 
in  the  standard  test. 


The  50-hr.  test  is  a  standard  method  of  comparing  the 
durability  of  engines.  It  is  a  first  step  in  developing  an 
engine  toward  satisfactory  durability.  These  tests  are 
nearly  always  made  on  a  torque-stand  with  a  propeller 
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Fig     I-  -Portion   of    \   Crankcase  in   Which  thb   Design  of  tub 

Ribs    in   the   Upper   Half   Was    Modified  To   Provide   Additional 

Stiffness 

providing  the  load,  and  are  based  on  the  normal  speed  and 
power  of  the  engine.  A  propeller  is  selected  that  will 
permit  the  engine  to  run  at  its  normal  speed  with  the 
throttle  wide-open  and  absorb  the  normal  rated  power  of 
the  engine  under  these  conditions.  The  50-hr.  test  con- 
sists of  10  non-stop  runs  of  5-hr.  duration,  each  run  be- 
ginning with  Vi  hr.  at  full  throttle  and  full  speed  with 


Pio.   5 — Faulty   Distribution  of  the  Load  Caused  the  Failure   of  These  Connecting-Rod    Bk 
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the  propeller  as  described  above  and  continuing  for  the 
remaining  41-.  hr.  when  throttled  down  to  the  speed  at 
which  the  propeller  absorbs  9  10  of  the  power  at  full 
throttle.  Due  to  the  fact  that  in  an  airplane  the  engine 
generally  is  run  for  only  5  or  10  min.  at  anything  ap- 
proaching full  throttle  and  is  then  throttled  to  a  much 
lower  speed  when  the  airplane  is  taken  up  to  an  altitude 
at  which  the  power  output  is  greatly  reduced  because  of 
the  decreased  density  of  the  atmosphere,  the  50-hr.  test 
is  much  more  severe  than  50  hr.  of  flying;  in  fact,  many 
Liberty  engines  flying  as  many  as  180  hr.  before  overhaul 
are  not  in  as  bad  shape  as  the  same  engine  would  be  at 
the  end  of  a  50-hr.  test. 

During  the  50-hr.  tests  the  gasoline  and  oil  consump- 
tion and  power  fluctuations  are  noted  carefully  and  the 
valves  are  watched  for  heating;  in  fact,  the  entire  engine 
is  watched  carefully  and  an  accurate  record  is  kept  of 
all  troubles  and  of  work  that  becomes  necessary.  Many 
troubles  are  encountered  due  to  torsional  or  other  periodic 
vibrations  in  the  crankshafts,  especially  in  those  which 
are  over  four  throws  in  length.  These  vibrations  result 
in  the  breakage  of  the  gears  used  in  driving  camshafts 
or  magnetos,  of  the  magneto  couplings  and  even  of  the 
magnetos  themselves.  Sometimes  these  troubles  require 
several  modifications  before  they  are  eliminated  com- 
pletely. 

Fig.  1  shows  a  typical  set  of  camshaft  drive-gears  that 
have  suffered  from  such  "crank-whip."  A  Hispano-type 
magneto-coupling  in  which  the  rivets  have  been  sheared 
and  the  splines  worn,  due  solely  to  torsional  vibration 
transmitted  from  the  crankshaft,  is  illustrated  in  Fig.  2. 
Fig.  3  shows  a  crankcase  that  was  found  to  be  cracked  in 
several  placest  one  of  which  is  indicated  by  the  arrows. 
A  portion  of  a  similar  crankcase  modified  to  overcome 
this  weakness  is  illustrated  in  Fig.  4.  Fig.  5  shows  some 
connecting-rod  bearings  that  have  failed  partially,  due  to 
the  bad  load  distribution  which  was  caused  by  unsatis- 
factory connecting-rod  design.  The  bearings  out  of  the 
same  engine  after  another  50-hr.  run  with  connecting- 
rods  of  a  new  design  appear  in  Fig.  6.  As  will  be  noticed 
by  comparing  Figs.  5  and  6,  the  bearings  in  the  latter 
show  great  improvement.  Bearing  No.  5  was  injured 
by  the  breakage  of  a  defective  crankshaft.  Fig.  7  illus- 
trates some  exhaust-valves  that  have  suffered  excessive 
wear  on  their  tips  and  stems  and  from  burning.  In  this 
case  all  these  troubles  were  traceable  to  a  defective 
rocker-arm  design  that  imposed  too  much  side-thrust  on 
the  valve-stems,  an  extreme  instance  of  this  type  being 
illustrated  in  Fig.  8.  Fig.  9  shows  the  valve-stem-guide 
bushings  and  Fig.  10  is  reproduced  from  a  photograph  of 


the  valves  from  the  same  engine  after  a  50-hr.  run  with 
a  modified  valve-gear  that  overcame  the  difficulty. 

Some  engines  prove  hard  on  spark-plugs,  crack  their 
water-jackets  under  the  severe  testing  conditions,  burn 
their  valves  and  break  minor  parts  such  as  valve  springs, 
rocker-arms,  oil  lines  and  the  like.  Occasionally  we  have 
a  serious  wreck  before  the  completion  of  the  50-hr.  test; 
but  in  every  case  we  endeavor  to  get  50  hr.  of  running 
if  we  possibly  can,  since  this  is  not  an  acceptance  test 
but  a  method  of  obtaining  50  hr.  of  a  standard  kind  of 
wear  on  an  engine  so  that  its  durability  can  be  compared 
with  that  of  other  engines. 

Tear-Down  and  Inspection 

After  the  50-hr.  test,  the  engine  is  torn-down  and  in- 
spected carefully.  Most  parts  are  inspected  both  before 
and  after  cleaning.  All  parts  are  removed  to  the  photo- 
graphic room  where  they  can  be  inspected  more  accur- 
ately and  can  be  photographed  conveniently.  The  party 
that  inspects  the  torn-down  engine  generally  consists  of 
the  writer,  a  designing  engineer,  the  test  engineer  as- 
signed to  the  engine  in  question,  the  mechanic  who  has 
had  the  engine  in  charge  and  other  interested  persons. 
As  they  are  examined  the  parts  are  checked  off  sys- 
tematically from  a  printed  list  and  the  condition  and 
appearance  of  each  part  is  passed  upon.  We  find  that  the 
appearance  of  parts  means  much.  An  agreement  con- 
cerning each  piece  is  usually  reached  before  passing  to 
the  next  one. 

The  help  of  the  Materials  Section  at  McCook  Field  has 
proved  invaluable  in  arriving  at  the  reasons  for  breakage 
and  other  kinds  of  material  troubles.  A  decision  as  to 
what  will  be  done  about  improving  the  part  is  withheld 
until  after  the  receipt  of  the  Materials  Section's  report. 
The  results  of  the  inspection  or  conference  on  the  disas- 
sembled engine  are  noted  and  an  agreement  is  reached 
with  the  designer  or  builder  of  the  engine  as  to  what 
should  be  done  to  meet  the  criticisms  and  recommenda- 
tions. If  the  results  warrant  it,  arrangements  are  made 
with  the  constructor  to  construct  a  modified  engine  in 
accordance  with  the  recommendations  made  after  the  last 
inspection.  We  are  glad  to  say  that  the  engine,  when  re- 
constructed, accepted,  given  a  check-run  and  the  50-hr. 
test,  generally  completes  the  test  in  a  satisfactory  man- 
ner. It  is  then  torn-down  again  and  inspected.  When 
the  need  of  additional  improvements  becomes  apparent, 
they  usually  are  made. 

The  photographs  of  parts  of  the  first  engine  that  were 
taken  while  the  engine  was  torn-down  at  the  end  of  the 
50-hr.  test  are  exceedingly  useful  for  making  compari- 
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with  the  observed  condition  of  the  second  engine, 
inasmuch  U  many  different  engines  are  handled  by  our 
organization  and  we  may  not  carry  in  mind  perfectly  the 
conditions  found  in  the  engines  from  one  tesl  to  another. 
After  a  sample  engine  has  gone  through  one  of  these 
50-hr.  tests  satisfactorily,  it  generally  is  considered  good 
enough  to  warrant  the  purchase  of  8  or  10  more  for 
evperimental   use. 

Flight  and  Service  Tests 

The  first  of  these  engines  is  put  into  flight  test  as 
promptly  as  possible,  because  usually  an  additional  crop 
of  troubles  shows  up  when  a  new  engine  gets  into  the  air 
for  the  first  time.  Such  troubles  as  improper  venting  of 
the  carbureter  float-chamber  may  develop  in  flight  because 
of  changes  in  the  relative  pressures  in  the  float-chamber 
and  the  throat  of  the  carbureter  while  the  airplane  is 
moving  at  high  speed.  The  distribution  of  the  mixture 
may  prove  bad  in  sharp  maneuvers,  even  though  it  may- 
be satisfactory  in  normal  flight.  Occasionally,  troubles 
in  the  water-circulation  system  appear  when  the  airplane 
is  in  abnormal  positions.  Propeller-hub  troubles  are  en- 
countered occasionally,  but  the  most  troublesome  point  is 
vibration.  Engines  that  seem  to  run  smoothly  on  the 
test-block  will  shake  badly  in  flight  and  cause  trouble  in 
the  surrounding  structure.  Sometimes  the  accessibility 
of  an  engine  does  not  prove  to  be  as  good  after  it  is 
installed  as  it  seemed  to  be  on  paper  and  on  the  test- 
block. 

When  an  engine  has  reached  the  point  where  it  has 
Bamwiri  the  50-hr.  test  and  is  working  satisfactorily  in  the 
air,  and  a  few  others  of  the  same  type  are  in  use  in  the 
Air  Service,  it  is  time  to  try  much  longer  tests  of  100, 
200  or  even  300  hr.  duration.     These  are  of  the  nature 


of  refining.  The  remaining  weak  points  which  did  not 
show  up  in  the  50-hr.  test  will  begin  to  appear  in  the 
longer  test  and  generally  can  be  corrected  then.  It  usually 
is  possible  to  develop  the  engine  so  that  it  can  run  at 
higher  speeds,  higher  compression-ratios  or  higher  brake 
mean  effective  pressures,  thereby  effectively  reducing  the 


Fig.   8 — An   Extreme   Instance  of  the  III  Kffrct  of  the   Side- 

Thbust   That   Was    Imposed    Upon    an    Exhaust-Valve    Due   to 

Improper  Design  of  the  Rocker-Arm 

specific  weight  of  the  engine  without  increasing  the  diffi- 
culties of  production  or  the  cost,  and  at  the  same  time 
insuring  better  fuel  economy. 

When  a  new  type  of  engine  is  sent  to  some  field  where 
it  has  been  unknown,  many  troubles  may  be  encountered 
which  are  due  to  the  fact  that  the  personnel  is  unfamiliar 
with  that  particular  engine.    These  might  not  have  shown 


Fio.  9 — Valve-Stem-Guide  Bushings  Taken  prom  an  Engistj  after  It  Had  Been  Tested  at  McCook  Field 


Vol.  X 


June,   1922 


No.  6 


4(i2 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


Fig.   10 — Valves   of  the  Same  Engine,   from   Which   the  Bushings   Shown    in   Fig.    9   Were   Taken,   after   It  Had   Been 

Subjected  to  a   ">0-Hr.   Test  with  a  Modified  Valve-Gear 


up  during  the  tests  at  McCook  Field.  The  maintenance 
conditions  and  methods  at  such  a  field  are  likely  to  be 
different  from  those  where  the  engine  was  developed,  and 
troubles  of  this  nature  may  easily  arise.  Then,  too,  there 
seems  to  be  a  particular  species  of  trouble  that  never 
occurs  until  the  airplane  gets  out  of  sight  of  the  airdrome. 
For  example,  parts  will  work  loose  that  had  never  shown 
any  signs  of  doing  so  on  the  dynamometer  or  block  tests 
or  even  during  the  short  flights  around  the  airdrome. 
Another  class  of  trouble  is  that  due  to  the  psychology  of 
the  pilot ;  in  other  words,  to  his  lack  of  confidence  in 
the  new  engine. 

In  the  minds  of  the  pilots,  no  engine  is  likely  to  be 
considered  durable  and  reliable  until  it  has  gone  through 
an  experience  of  quantity  production  and  wide  use  similar 
to  that  of  the  Liberty  engine.  Practically  all  engines 
have  had  their  troubles  when  first  put  into  use,  and  the 
Liberty  engine  is  no  exception.  We  are  informed  that 
due  to  its  more  hurried  development  the  first  250  Liberty 


engines  developed  cracks  in  their  crankcases;  that  the 
first  750  had  light  crankshafts,  which  occasionally  broke, 
and  weak  connecting-rods.  Since  these  weaknesses  were 
rectified  the  engine  has  had  such  wide  and  satisfactory 
use  that  the  pilots  have  long  ago  forgotten  that  phase  of 
its  development,  and  it  now  enjoys  their  greatest  confi- 
dence. 

In  addition  to  developing  complete  engines,  much  work 
has  been  done  in  perfecting  accessories  that  are  not  really 
parts  of  the  basic  engine  but  are  fairly  general  in  their 
application,  such  as  carbureters,  spark-plugs,  piston-rings, 
valves  and  pistons.  The  results  of  this  work  have  been 
applied  to  whatever  engines  could  be  benefited  and  have 
produced  considerable  standardization  as  well  as  improved 
performance.  Between  January  1919  and  the  present 
time  development  has  been  started  on  23  engines.  Of 
these  two  which  were  failures  have  been  abandoned. 
Sixteen  have  been  successes,  and  five  which  are  not  yet 
complete  give  promise  of  being  successful. 


COOPERATIVE  FARM  MARKETING 


COOPERATIVE  farm  associations  are  not  new,  nor  are 
they  confined  to  California.  They  exist  in  various  forms 
in  every  State  in  the  Union.  In  California,  however,  their 
activities  have  been  developed  to  a  wider  extent  and  on  a 
more  substantial  basis  than  in  any  other  State.  Last  year, 
according  to  an  estimate  of  the  State  Market  Director's 
office,  farm  products  worth  more  than  $250,000,000  were 
marketed  through  the  cooperative  associations  of  farmers 
who  grew  them.  Roughly,  this  was  about  half  the  total 
market  value  of  the  State's  output  of  farm  products.  It 
exceeded  by  many  millions  of  dollars  the  value  of  products 
in  any  other  State  marketed  by  farm  organizations. 

It  is  generally  conceded  that  the  California  farmer  came 
through  the  readjustment  period  in  much  better  shape  than 
did  the  farmers  in  other  districts.  The  Director  of  the  War 
Finance  Corporation  said  a  few  days  ago:  "The  times  we 
have  been  passing  through  since  the  war  have  shown  the 
solidity  of  California.  The  banks  have  cared  for  the  agri- 
cultural needs  of  California,  and  there  has  been  little  call  for 
help  upon  the  War  Finance  Corporation.  California  is  setting 
an  agricultural  standard  for  the  whole  country.'' 

In  California  one  does  not  hear  it  argued  that  the  banks 
should  be  run  by  "dirt  farmers."  Membership  in  a  coopera- 
tive is   limited   to   actual   growers  of  the  crop   about  which 


the  organization  is  formed,  but  for  sales  managers,  and 
other  employes  in  the  financial  departments  of  the  business, 
experienced  business-men  are  hired,  and  they  are  not  paid 
the  wages  of  ordinary  field-hands.  Salaries  of  managers, 
who  are  business  specialists  and  not  necessarily  farmers,  run 
to  $20,000  and  $30,000,  and  in  one  instance  as  high  as  $50,000 
a  year,  according  to  the  reports  that  have  been  made  to  the 
Market  Director's  office. 

The  greatest  progress  in  the  farm  cooperative  movement 
in  California  has  been  in  those  organizations  formed  about 
crops  requiring-  specialized  skill  in  producing  and  marketing. 
Adversity  has  been  the  strongest  stimulant  toward  col- 
lective action,  and  in  general  the  growers  who  have  the  most 
difficult  problems  to  solve  in  order  to  keep  their  crops  on  a 
profitable  basis  from  year  to  year  are  the  ones  who  hold 
together  best.  The  greater  number  of  California  growers 
of  food  products  are  specialists  and  their  organizations  rep- 
resent unified  effort  to  solve  problems  common  to  compara- 
tively small  groups. 

It  should  not  be  assumed  that  a  cut-and-dried  plan  of  co- 
operative organization,  guaranteed  against  failure,  has  been 
developed  in  California.  In  a  way,  collective  marketing  is 
still  in  the  experimental  stage. — Monthly  Review  of  San 
Francisco   Mercantile   Trust   Co. 
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THE  author  indicates  what  the  history  of  spring  sus- 
pension  has   been   but    discusses   only   the  conven- 
tional type  of  four-wheeled  design  in  which  the  front 

wheels  live  used  for  Steering  and  tile  rear  wheels  for 
driving  ami  braking.  The  problem  of  front-axle  spring- 
Buapension  is  mentioned,  but  that  of  proper  rear-axle 

Bpring-SUSpen8ion,  especially  for  passenger  cars,  is  dis- 
cussed in  detail  because  it  is  a  much  more  difficult  one. 
The  advantages  of  the  Hotchkiss  drive  for  shaft- 
driven  cars  and  some  of  its  distinct  disadvantages  are 
stated,  shaft-driven,  rear-axle  mountings  being  com- 
mented upon  in  explaining  the  factors  that  influenced 
the  design  of  the  spring-suspension  device  developed  by 
the  author.  The  advantageous  features  of  this  device 
an-  enumerated,  inclusive  of  the  effects  of  tire  reactions. 

THE  first  wheeled  vehicles  of  which  we  have  any 
record  were  not  provided  with  any  special  spring 
members  lor  the  cushioning  of  road  shocks.  They 
were  not  entirely  springless,  however,  for  a  certain  de- 
gree of  cushioning  effect  was  furnished  by  the  natural 
resilience  of  the  materials  used  in  the  construction  of  the 
various  parts.  There  are  many  horse-drawn  wagons  still 
in  use  today  which  embody  this  type  of  design.  As  road 
transportation  became  more  highly  developed  and  speeds 
increased,  vehicles  were  produced  in  which  the  spring 
action  of  the  various  parts  was  increased  by  modification 
cf  the  design,  but  still  without  the  use  of  special  spring 
members.  The  buckboard  and  the  stagecoach  are  in- 
stances of  this  stage  of  development. 

Near  the  end  of  the  last  century,  however,  the  art  of 
spring  suspension,  using  steel  leaf-springs  of  various 
forms,  had  reached  a  considerable  degree  of  development, 
at  least  for  horse-drawn  vehicles.  The  early  designer  of 
automotive  vehicles  therefore  had  a  valuable  fund  of  in- 
formation on  this  subject  with  which  to  work.  This  in- 
formation could  be  used  only  in  conjunction  with  the 
working  out  of  an  entirely  new  set  of  problems,  imposed 
by  the  fact  that  the  automotive  vehicle  is  propelled, 
stopped  and  steered  by  means  of  its  wheels.  For  the 
purposes  of  this  paper,  it  will  be  necessary  only  to  dis- 
cuss the  simple  and  conventional  type  of  four-wheeled 
design,  in  which  the  front  wheels  are  used  for  steering 
and  the  rear  wheels  are  used  for  driving  and  braking. 

In  front-axle  design,  it  is  almost  universal  practice  to 
pivot  the  wheels  for  steering  by  mounting  the  short  stub- 
axles  or  knuckles,  on  which  they  revolve,  on  the  ends  of 
the  axle  by  substantially  vertical  hinge-pins.  The  axle 
itself  requires  only  to  be  connected  to  the  frame  in  such  a 
manner  as  to  remain  in  a  plane  approximately  at  right 
angles  to  the  longitudinal  center-line  of  the  chassis  and 
so  that  a  linkage  can  be  arranged  between  the  steering- 
gear,  which  is  fixed  on  the  chassis  frame,  and  the  steering 
connection  on  the  axle,  in  a  way  that  will  allow  of  the 
axle  moving  relatively  to  the  frame  without  tending  to 
alter  the  direction  of  the  front  wheels.  These  require- 
ments can  be  met  fairly  well  by   using  a  pair  of  semi- 
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elliptic  springs,  fixed  at  one  end  and  shackled  at  the 
other  and,  due  to  its  simplicity,  this  is  the  favorite 
arrangement  today.  As  I  will  explain  later,  this  system 
is  not  ideal  from  the  point  of  view  of  absorbing  road 
shocks  by  the  springs.  It  depends  to  a  considerable  ex- 
tent for  its  success  upon  the  pneumatic  or  other  cushion 
tire,  as  well  as  on  the  fact  that,  in  passenger  cars,  where 
easy  riding  is  important,  the  passengers  rarely  are  car- 
ried on  the  chassis  at  a  point  forward  of  the  center  of 
the  wheelbase. 

Rear-Axle  Spring-Suspension 

The  problem  of  a  proper  rear-axle  spring-suspension, 
especially  for  passenger  cars,  is  a  much  more  difficult 
one.  Like  the  front  axle,  the  rear  axle  must  be  held  in 
its  correct  position  with  respect  to  the  frame,  but  it  also 
must  be  supported  in  such  a  way  that  the  rear  wheels  can 
drive  or  stop  the  car  as  required.  Furthermore,  the  con- 
nection between  the  axle  and  the  frame  should  be  designed 
to  minimize  the  transmission  of  road  shocks  from  the 
former  to  the  latter.  A  brief  outline  of  the  history  of 
automotive  design  in  this  regard  will  help  to  make  clear 
the  questions  involved. 

In  most  of  the  early  cars,  the  power  was  transmitted 
to  the  rear  wheels  by  chains,  either  a  single  central  chain 
or  double  side-chains  being  used.  Let  us  consider  only 
the  latter  type  of  construction,  which  clearly  illustrates 
the  principles  of  design.  Rigid  distance-rods  are  used 
between  the  axle  and  the  frame.  These  are  required  to 
preserve  the  correct  center  distance  between  the  driving 
and  driven  sprockets,  and  also  serve  to  maintain  the  axle 
in  a  proper  position  with  relation  to  the  frame.  Semi- 
elliptic  springs,  shackled  at  both  ends,  support  the  body 
load  and  also  act  to  hold  the  axle  laterally.  In  driving 
and  braking  the  vehicle  by  the  wheels,  torque  reactions 
are  set  up.  In  the  type  of  design  under  discussion,  the 
reactions  due  to  driving  or  the  use  of  a  transmission 
brake  are  taken  up  in  the  jack-shaft  housing.  The  re- 
actions from  the  rear-wheel  brakes  are  taken  up  in  the 
springs  sometimes,  but  more  often  by  the  distance-rods, 
which  are  then  made  stiff  enough  to  act  as  torque-arms. 
In  the  chain-driven  car,  the  rear  axle  is  relatively  light 
and  has  therefore  no  great  tendency  to  produce  shocks 
in  the  vehicle  structure.  This  is  not  the  case  with  the 
much  heavier  axle  of  the  shaft-driven  car,  and  this  fact 
must  be  recognized  in  the  design  of  the  latter  type  if  the 
best  results  are  to  be  obtained. 

The  early  shaft-driven  cars  tended  to  follow  chain- 
driven  designs,  using  distance-rods,  and  adding  a  torque- 
arm  attached  to  the  rear-axle  housing  and  supported  at 
some  point  on  the  frame  to  take  care  of  the  torque  re- 
actions arising  from  driving  and  braking.  The  springs 
were  used  only  as  supporting  members,  being  usually 
mounted  so  as  to  turn  freely  on  the  axle,  and  being 
shackled  at  both  ends.  In  striving  for  greater  simplicity 
and  decreased  weight,  it  was  found  that  the  distance-rods 
could  be  dispensed  with  and  their  functions  performed 
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FIG.    1- 


-Schematic   Drawing   of   a   Recently    Developed    Spring- 
Suspension 


by  the  front  halves  of  the  rear  springs,  the  shackles  at 
the  front  ends  being  abandoned  and  plain  pivot-pins  used 
in  their  place.  A  further  move  in  the  direction  of  sim- 
plicity led  to  the  Hotchkiss  drive,  in  which  system  the 
rear  axle  is  entirely  controlled  by  the  rear  springs.  The 
springs  support  the  load,  maintain  the  axle  in  correct 
relation  with  the  frame  and  absorb  all  torque  reactions, 
whether  due  to  driving  or  braking. 

The  Hotchkiss  drive  for  shaft-driven  cars  has  some 
very  manifest  advantages.  It  is  light  in  weight  and  has 
a  minimum  number  of  parts  to  wear  and  rattle.  It  gives 
a  cushioned  resistance  to  suddenly  applied  driving  and 
braking  loads.  Moreover,  if  the  springs  are  properly 
proportioned,  it  maintains  the  center-line  of  the  pinion 
shaft  substantially  parallel  throughout  the  range  of  axle 
movement.  This  latter  feature  is  of  an  importance  not 
often  recognized.  If  a  rear-axle  torque-arm  is  used, 
whenever  the  axle  approaches  or  recedes  from  the  frame 
the  axle  housing  must  rotate  through  an  angle  depend- 
ing upon  the  amount  of  movement  and  the  length  of  the 
torque-arm,  the  angle  being  greater  the  shorter  the 
torque-arm  is.  If  there  is  no  lost  motion  in  the  parts,  the 
pinion  shaft  must  rotate  to  an  amount  depending  on  the 
angle  through  which  the  rear-axle  housing  turns,  and  on 
the  gear-ratio.  This  would  not  be  a  serious  matter  if  the 
pinion  shaft  alone  were  involved  but,  when  the  car  is 
being  driven  by  the  engine,  the  pinion  shaft  is  connected 
through  the  driving-shafts  to  the  engine  flywheel,  which 
is  a  part  of  the  system  designed  to  turn  as  nearly  as 
possible  at  a  constant  angular  velocity.  This  combination 
of  circumstances  is  capable  of  producing  shocks  in  the 
driving  members  which  are  far  greater  than  will  be  be- 
lieved readily  by  those  who  have  not  observed  this  action. 

The  Hotchkiss  drive  has  also  some  distinct  disadvan- 
tages. When  the  rear  springs  are  sufficiently  flexible  to 
give  good  riding,  the  resistance  to  torque  reaction  is  too 
soft,  with  the  result  that,  especially  in  lighter  cars,  the 
rear  axle  tends  to  jump  when  under  heavy  driving  or 
braking  loads  and  on  soft  or  rough  roads.  From  the  point 
of  view  of  good  riding  it  leaves  much  to  be  desired.  It 
furnishes  a  sufficient  degree  of  flexibility  in  a  sub- 
stantially vertical  direction,  but  is  far  too  rigid  otherwise. 

Let  us  consider  any  of  the  present  common  types  of 
shaft-driven  rear-axle  mounting,  either  of  the  Hotchkiss 
design  or  of  designs  using  torque-arms  or  distance-rods, 
or  both  in  combination.  In  practically  all  of  these  ar- 
rangements, the  axle  is  positioned  rigidly  with  respect  to 
the  frame  in  a  longitudinal  direction.  If  the  weight  of 
the  axle  were  relatively  small,  this  rigidity  would  not  be 
a  matter  of  serious  moment.  The  fact  is,  however,  that 
the  weight  of  the  rear  axle  and  wheels  of  most  shaft- 
driven  cars  approaches  10  per  cent  of  the  total  loaded 
weight  of  the  vehicle.  The  ideal  of  riding  is  to  have  the 
spring-borne  parts  of  the  vehicle,  the  frame,  the  power- 
plant,  the  body  and  the  load,  follow  the  major  contour  of 


the  road  surface  without  being  affected  by  minor  undula- 
tions. It  would  be  desirable  to  have  this  condition  apply 
also  to  the  parts  below  the  springs,  the  wheels  and  axles, 
and  the  pneumatic  tires  help  to  attain  this  result,  but 
there  is  a  limit  to  their  ability  in  this  direction  unless 
made  of  extreme  dimensions.  Practically,  the  axles  and 
wheels  follow  a  very  irregular  course,  with  rapid  and 
frequent  changes  of  direction  in  a  vertical  plane.  To 
change  the  direction  of  motion  of  a  moving  mass  force 
must  be  applied  and,  if  the  mass  is  great  and  the  change 
in  direction  sudden,  that  force  must  be  large.  In  most 
cases  the  forces  in  question  are  the  reaction  of  the  road 
surface  through  the  tire  and  the  horizontal  attachment 
between  the  axle  and  the  frame  such  as  distance-rods  or 
springs.  This  latter  connection  is  usually  extremely 
rigid,  and  so  it  follows  that  the  only  cushioning  for  the 
shocks  occasioned  by  these  forces  is  furnished  by  the 
tires  and  what  little  resilience  there  may  be  in  the  road 
surface.  Spring-cushioned  distance-rods  have  been  tried 
with  a  view  to  ameliorating  this  condition,  but  the  cure 
in  this  form  has  seemed  to  be  worse  than  the  disease. 
Full-elliptic  springs  used  in  connection  with  the  Hotch- 
kiss drive  are  not  greatly  open  to  the  above  objection, 
but  have  the  defect  of  being  much  more  badly  adapted 
to  absorb  torque-reaction  loads  than  are  semi-elliptic 
springs. 

The  Crane  Spring-Suspension 

With  the  idea  of  combining  the  simplicity  and  other 
advantages  of  the  Hotchkiss  drive  with  the  proper 
cushioning  of  the  shocks  just  described,  the  device  illus- 
trated in  Figs.  1  and  2  was  conceived.  In  addition,  it 
appears  in  practice  to  remove  two  of  the  principal  dis- 
advantages of  the  Hotchkiss  drive,  by  greatly  increasing 
the  resistance  to  torque  reaction  of  any  given  set  of 
springs  without  entirely  removing  the  desirable  cushion- 
ing effect  to  driving  and  braking  shocks  and,  because  of 
this  fact,  doing  away  almost  completely  with  the  jumping 
action  of  the  rear  axle  on  soft  roads,  already  criticized. 

Fig.  1,  which  is  a  schematic  drawing  of  the  arrange- 
ment, shows  a  semi-elliptic  spring,  shackled  at  both  ends, 
and  rigidly  bolted  to  the  axle.  It  shows  also  a  distance- 
rod,  the  forward  end  of  which  is  connected  to  the  frame 
by  a  ball-and-socket  joint  and  the  rear  end  is  connected 
to  the  axle  by  a  similar  joint,  not  at  the  center-line  of  the 
axle,  but  at  a  point  substantially  below  the  center-line,  a 
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Application    of    the    Spring-Suspension    Illustrated 
Fig.  1  to  a  Motor-Truck  Chassis 
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bracket  rigidly  attached  to  the  axle  being  provided  for 
the  purpose.  For  clearness,  only  one  end  of  the  axle  is 
shown  on  the  drawing,  the  equipment  of  the  other  end 
being  the  same. 

It  is  obvious  that,  with  this  arrangement,  the  axle  is 
free  to  move  longitudinally  with  respect  to  the  frame  as 

Well  as  vertically,  while  at  t ho  same  time  it  is  constrained 
in  both  these  movements  by  the  resistance  of  the  semi- 
elliptic  Bpring.  The  vertical  resistance  need  not  be  ex- 
plained, being  the  normal  Bpring  action.  The  resistance 
to  longitudinal  movement  is  occasioned  by  the  tact  that, 
to  translate  longitudinally,  the  axle  casing  must  rotate 
about  the  ball-and-socket  joint  located  below  the  center 
of  the  axle.  This  rotation  is  resisted  by  a  couple  set  up 
in  the  Bpring,  tending  to  increase  the  load  on  one  arm  of 
the  spring  and  decrease  it  on  the  other.  The  character 
of  this  resistance  evidently  can  be  varied  by  changing 
the  distance  of  the  point  of  attachment  of  the  distance 
rod  below  the  center  of  the  axle.  The  spring  shackles  are 
made  long  enough  not  to  interfere  with  this  action.  It  is 
also  necessary  to  provide  for  extra  longitudinal  corae- 
and-go  in  the  propeller-shaft  connection. 

In  the  conventional  Hotchkiss  drive,  the  torque  re- 
us due  to  driving  and  braking  are  resisted  by 
couples  set  up  in  the  springs.  This  is  still  the  case  in 
this  new  arrangement,  but  the  couples  are  of  considerably 
less  magnitude  due  to  the  action  of  the  lever-arms  to 
which  the  distance-rods  are  attached.  The  reduced  twist- 
ing of  the  axle  is  very  evident  in  actual  driving,  as  is 
also  the  improved  action  over  soft  rough  roads  when 
using  heavy  power.  The  latter  improvement  undoubtedly 
is  caused  by  the  better  method  of  taking  care  of  the 
torque  reactions  and  by  a  different  type  of  tire  reaction 
with  this  suspension. 

Tire  Reaction 

This  question  of  tire  reaction  is  a  very  important  one 
where  the  axle  weight  is  high  compared  to  the  total 
weight  of  the  vehicle.  The  pneumatic  tire,  especially 
one  of  the  cord  type,  constitutes  a  most  efficient  spring. 
In  other  words  it  gives  back  practically  everything  that 
is  put  into  it,  with  a  minimum  of  damping  action.  The 
tossing  about  of  such  a  weight  between  the  tire  spring 
on  one  side  and  the  vehicle  spring  on  the  other  certainly 
interferes  with  the  smooth  riding  of  the  vehicle  as  a 
whole.  This  is  why  it  is  desirable  to  reduce  the  axle 
weight  to  the  lowest  possible  figure.  Unfortunately,  it  is 
not  feasible  in  the  case  of  the  shaft-driven  axle,  even 
with  the  most  careful  design,  to  reduce  the  weight  suffi- 
ciently to  allow  of  ignoring  it  altogether.  The  new 
method  of  suspension,  just  described,  is  believed  to  pro- 
vide a  considerable  improvement  over  conventional  ar- 
rangements by  reducing  materially  the  maximum  com- 
pression in  the  tire  under  any  given  set  of  operating 
conditions,  and  by  giving  an  attachment  between  the  axle 
and  the  frame  that  is  cushioned  in  all  directions  except 
laterally. 

One  cause  of  excessive  tire  compression  was  partially 
explained  in  a  previous  paragraph  that  outlined  the 
forces  acting  on  an  axle  rapidly  traversing  a  rough  road. 
This  action  can  be  understood  most  easily  by  examining 
the  action  of  an  axle  crossing  a  hump  on  the  roadway. 
If  rigid  distance-rods  are  used,  the  momentum  of  the 
axle  in  a  horizontal  direction  is  augmented  by  that  due 
to  the  total  car-weight  to  a  degree  depending  on  the 
angle  and  the  height  of  the  hump.  The  reason  for  this  is 
that  the  line  of  force  through  the  wheel  to  the  wheel  hi* 
and  so  to  the  axle  is  inclined  at  a  considerable  angle  by 
the  action  of  the  hump,  although  this  line  is  substantially 


vertical  when  the  wheel  is  traversing  a  smooth  level  sur- 
face. The  inclined  force  resolves  into  vertical  and 
horizontal  components  at  the  axle  center.  The  opposing 
forces  are,  vertically,   the  weight   of  the  axle   and   wheels 

plus  the  pressure.  n|   'he  Bprings  and,  horizontally,  the 

total  weight  of  the  vehicle.  At  low  speeds,  the  momentum 
effect  of  the  masses  is  relatively  small.  At  high  speeds, 
it  is  very  great. 

In  a  previous  paragraph  1  called  attention  to  the  fact 
that  the  flat  semi-elliptic  spring  is  deficient  in  flexibility 
except  in  a  vertical  direction.  This  is  due  to  its  stiff- 
ness as  a  beam  in  a  lateral  direction  and  to  its  great 
torsional  stiffness.  The  use  of  rebound  clips,  tying  the 
plates  more  or  less  rigidly  together,  is  a  contributing 
factor  to  the  foregoing.  If  all  irregularities  of  the  road 
surface  were  symmetrical  and  were  crossed  at  substan- 
tially right  angles  by  the  axle  and  the  wheels,  the  lack  of 
flexibility  in  directions  other  than  the  vertical  would  be 
of  no  importance.  Practically,  however,  the  contour  of 
the  road  surface  traversed  by  the  wheels  on  one  side  of  a 
car  is  rarely  the  same  as  the  contour  of  the  surface 
traversed  by  the  wheels  on  the  opposite  side.  This  fact 
in  itself  tends  to  cause  lateral  shocks.  These  are  aug- 
mented by  the  constantly  changing  relation  between  the 
axle  and  the  floor  of  the  car  which  do  not  remain  parallel 
but  vary  from  parallelism  by  considerable  angles  in  either 
direction.  Such  changing  angular  relation  can  be  accom- 
plished only  by  the  springs  or  frame,  or  both,  flexing 
both  torsionally  and  laterally.  Of  course,  this  action 
tends  to  reduce  what  is  commonly  called  "rolling"  on 
curves  and  heavily  crowned  roads,  but  it  does  so  at  the 
expense  of  some  severe  strains  and  shocks  in  the  parts 
involved,  which  produce  an  unpleasant  jarring  effect  in 
the  riding  on  cobble  stones  and  similar  road  surfaces.  It 
is  the  action  just  described  that  makes  it  so  difficult  to 
keep  the  rattles  out  of  some  of  our  modern  passenger- 
cars.  Actually,  a  very  few  thousandths  of  an  inch  of 
side-play  of  a  spring  in  a  shackle  is  sufficient  to  cause  a 
most  unpleasant  noise. 

Fig.  2  shows  one  method  of  improving  this  action 
where  semi-elliptic  springs  are  used  on  a  passenger-car 
chassis.  The  springs  are  connected  to  the  chassis  frame 
at  both  ends  by  short  links  that  allow  of  practically  un- 
limited twisting  and  a  limited  amount  of  side  swing.  It 
is  possible  that  this  arrangement  may  give  rise  to  an 
excessive  amount  of  rolling,  but  tests  so  far  made,  with 
the  chassis  loaded  as  shown  in  the  photograph,  do  not 
indicate  this.  To  minimize  the  chances  of  rolling,  the 
springs  are  carried  as  high  as  possible,  being  mounted 
above  the  axle.  The  springs  are  tilted  down  in  front,  so 
as  to  clear  the  doors  and  floor  of  the  body.  It  is  probable 
also  that  stiffer  springs,  that  is,  springs  having  a  steeper 
scale  in  pounds  per  inch  of  deflection,  can  be  used  because 
of  the  better  all-round  cushioning  effect  obtained.  One 
advantage  of  the  full-elliptic  type  of  spring  is  its  better 
action  in  cushioning  lateral  shocks.  If  it  were  not  for  its 
weakness  in  resisting  axle  torsion,  a  lack  of  faith  on  the 
part  of  designers  in  regard  to  its  ability  to  position 
properly  the  steering  axle  in  heavy-duty  service  and  its 
interference  with  low-hung  bodies  when  used  for  rear- 
axle  suspension,  it  might  well  become  a  popular  type  for 
passenger-car  use. 

The  cord  pneumatic  tire,  due  to  the  low  air-pressures 
that  can  be  used  successfully  with  it,  has  been  the  great- 
est single  factor  in  improving  the  riding  of  automotive 
vehicles  in  recent  years.  The  object  of  this  paper  is  to 
call  attention  to  the  fact  that  there  is  still  much  that  can 
be  improved  in  the  design  of  the  other  parts  contributing 
to  riding  comfort. 
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PROPHECY  having  always  been  a  forerunner  of 
great  things,  we  now  expect  any  new  and  im- 
portant development  to  have  a  prophetic  introduction. 
As  the  engineer  is  seldom  a  "dreamer,"  his  forecasts 
usually  are  not  true  prophecies  but  merely  projections 
of  the  past  into  the  future.  Notwithstanding  the 
great  advance  of  aviation  during  the  war,  we  now  are 
beginning  to  realize  that  little  real  progress  has  been 
made  since  the  original  successes  of  the  Wright 
brothers  and  Count  Zeppelin,  and  inquiry  is  made 
whether  the  efforts  of  inventors  are  being  directed 
along  proper  lines. 

By  comparing  the  weights  and  organisms  of  birds, 
insects  and  fish  it  became  evident  that  their  constitu- 
tion is  not  essentially  unlike  that  of  land  animals  and 
that  the  only  difference  in  their  manner  of  locomotion 
came  by  the  use  of  different  mechanisms. 

All  efforts  heretofore  having  been  directed  toward 
the  perfecting  of  the  stationary  wing  and  high-speed 
propeller  combinations  in  airplanes,  the  flight  of  only  a 
small  class  of  insects  and  soaring  birds  can  be  imi- 
tated and  the  versatility  of  other  types,  such  as  the  fly 
and  the  humming  bird,  has  not  been  approached.  To 
obtain  this  freedom  of  action,  the  conclusion  is  drawn 
that  we  should  incorporate  in  heavier-than-air  ma- 
chines all  the  features  that  nature  demonstrates  in 
the  various  forms  of  animal  flight.  Comparing  the  de- 
velopment of  aircraft  service  to  that  of  the  locomotive 
and  the  automobile,  the  lack  of  proper  landing-fields 
and  aids  to  navigation  is  discussed  and  the  question  is 
asked  whether  we  are  not  nullifying  the  advantages 
of  air  transportation  by  admitting  that  the  require- 
ments of  present-day  craft  cannot  be  greatly  improved 
and  constructing  exceedingly  large  suburban  landing 
fields,  rather  than  concentrating  our  efforts  on  the  fun- 
damentals of  flight  as  exemplified  in  nature. 

NO  important  movement  in  human  affairs  has  ever 
come  to  pass  without  first  having  been  intro- 
duced; and  contemporary  environment  has  al- 
ways been  gradually  modified  by  advance  pressure  of  the 
coming  event,  so  that  the  arrival  has  never  been  a  com- 
plete surprise.  Each  decade  develops  a  crop  of  prophets, 
whose  gift  it  is  to  turn  their  eyes  to  the  future  and  preach 
the  advent  of  that  which  is  to  come,  influencing  and  mold- 
ing the  respective  environment  for  its  most  favorable 
reception  or  building  up  reactionary  forces  to  weaken  the 
shock  of  the  tidal  wave. 

Prophetic  utterances  are,  as  everything  else  in  nature, 
the  necessary  effect  of  natural  causes  and  generally  these 
causes  are  strong  demands  or  pressure  arising  from 
gradual  changes  in  environment  upon  other  factors  of 
civilization  that  have  lagged  behind  the  average  move- 
ment of  events  or  fallen  out-of-line  too  far  ahead  of  the 
ranks. 

The  steam  engine,  the  dynamo,  wireless  communication 
and  the  flying  machine,  at  the  time  of  their  first  reception 
by  the  general  public,  have  all  given  rise  to  flights  of 
fancy  that  over  or  undershot  actual  final  accomplishment, 
but  which  at  the  same  time  urged  the  inventive  brain 
to1  continual  effort  toward  materialization  of  these 
prophecies,  especially  if  made  by  men  of  accepted,  stand- 
ing in  the  art.  However,  a  broad  vision  and  the  ability 
to  forecast  are  rather  exceptional  gifts  and  we  are  con- 
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tent  to  classify  those  who  are  afflicted  with  them  as 
"dreamers."  So  regularly  has  prophecy  been  a  fore- 
runner of  great  things  that  we  now  expect  prophecy  be- 
fore we  expect  anything  new  and  important  in  the  de- 
velopment of  our  affairs,  and  when  we  launch  an  enter- 
prise that  we  hope  will  be  a  sensation,  prophecy  must 
introduce  it.  It  has  become  almost  a  custom  at  the  in- 
auguration of  the  presiding  officers  of  engineering  so- 
cieties to  expect  from  the  new  leaders  something 
prophetic.  But  the  engineer  is  seldom  a  "dreamer."  As 
a  consequence  we  have  had  forecasts  that  are  not  true 
prophecies  but  merely  projections  of  the  past  into  the 
future.  Definite  outlines  of  research  usually  are  given 
and  it  is  due  to  these  outlines  that  past  art  has  in  many 
cases  been  improved,  but  it  is  also  due  to  these  outlines 
that  inventive  effort  has  been  constrained  into  definite 
channels.  What  if  the  guidance  was  misleading?  What 
if  the  past  efforts  have  been  along  a  line  not  altogether 
based  upon  correct  and  scientifically  sound  principles? 

When  the  Wright  brothers  and  Count  Zeppelin  stirred 
the  world  by  their  first  successful  flights,  it  began 
gradually  to  dawn  upon  us  that  man  would  some  day  move 
through  the  air  as  easily  and  safely  as  a  bird.  Especially 
after  the  great  advance  immediately  preceding  and  dur- 
ing the  war  did  we  expect  that  the  complete  conquest  of 
the  air  was  near  at  hand.  Considering  all  this  strenuous 
development  in  retrospect,  we  begin  now  to  realize  that 
we  have  achieved  comparatively  little  in  advance  of  the 
original  successes  of  these  first  inventors.  The  present- 
day  types  of  aerial  vehicle  differ  very  little  from  the 
original  designs  and  we  have  assumed  so  far  that  no  fault 
should  be  found  with  this  conventional  coordination  of 
sustentation  and  propulsion  as  exemplified  by  the  fixed 
wing  or  gas-bag  and  the  screw  propeller  respectively. 

The  First  Incentive 

Man  received  his  first  incentive  for  aerial  locomotion 
when  he  recognized  that  birds  or  insects  do  not  sustain 
themselves  in  the  atmosphere  by  any  supernatural  agency 
but  pay  for  their  apparent  defiance  of  the  law  of  gravita- 
tion by  the  expenditure  of  energy.  When  people  began 
to  insist  upon  an  explanation  of  natural  phenomena, 
originally  explained  in  an  orthodox  way  by  Biblical  cita- 
tions, and  insisted  upon  an  explanation  on  the  basis  of 
natural  laws  framed  around  the  principle  of  conservation 
of  energy,  flight  as  exemplified  by  nature  was  scrutinized 
with  increasing  interest.  It  was,  in  the  first  place,  dis- 
covered that  the  weight  of  the  bird  or  insect  is  actually 
greater  than  the  weight  of  the  air  that  it  displaces ;  and, 
secondly,  it  was  found  that  the  organism  of  these  flying 
beings  is  not  constituted  so  much  differently  from  that  of 
animals  that  move  on  terra  firma  as.  to  make  us  suppose 
that  they  can  store  in  their  muscular  tissues  much  greater 
amounts  of  energy  in  comparison  with  their  weight  than 
those  animals.  It  became  evident  that  the  difference  in 
the  manner  of  locomotion  came  about  only  by  the  use  of 
different  mechanisms,  but  coordinated  to  the  properties 
of  the  medium,  air,  so  as  to  produce  the  desired  motion 
in  accordance  with,  and  not  in  violation  of,  simple  natural 
lews. 

Action  being  understood  to  be  equal  to  reaction  ex- 
plains that  the  force  acting  on  the  body  of  the  bird  in  a 
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vertically  upward  direction  must  be  equal  to  a  force 
exerted  by  the  body  in  a  downward  direction  and  both 
these  forces  arc  equal  to  the  mass  set  in  mot  inn  times  the 
acceleration  of  that   mass.     The  upward   force  is  equal  to 

the  mass  of  the  body  times  the  upward  acceleration  of 

the  body  and  of  the  air  that  moves  with  it,  and  the  down- 
ward  force  is  equal  to  the  mass  of  the  winga  and  of  the 

air  moved  by  the  winga  times  the  acceleration  of  winga 
and  air.  Upward  movement  of  the  body  and  wings,  or 
flight,  could  then  he  brought  about  only  by  an  unbalance 

of  acceleration  and  of  the  masses  of  air  set  in  motion  in 
favor   of  greater   magnitudes   involved    in   the   downward 
movement  of  the  medium  air  so  as  to  overcome  the  force 
of  gravity.    Close  analysis  of  the  wing  reaction  upon  the 
air.    especially    when    the   upward    ami   downward    move- 
ments  are   combined   with   the   horizontal    movement,   re- 
veals the  fart  that  the  air  can  lie  deflected  in  a  downward 
direction   during   both   the   downward   and   the   upward 
movements  of  the  wings,  provided  the  plane  of  the  wing 
is  deflected  during  its  cyclic  strokes  so  that  it  forms  an 
angle  of  incidence  with  the  air  on  its  under  side  at  all 
times.     This   is  accomplished   by    inclining   the   wing  on 
the  downward  stroke  so  that  the  leading  edge  remains  at 
a  lower  elevation  than  the  trailing  edge  and  vice  versa 
on  the  upward  stroke.    The  wing  motion  of  the  bird  is, 
however,  not  confined  to  motion  in  a  vertical  plane.     In 
actual    flight   the  tips  of  the  wings   describe  an  ellipse 
with  respect  to  the  axis  of  the  bird  body;  or  a  cycloid 
with  respect  to  their  movement  in  the  air.     This  means 
that  the  bird  wing  is  brought  forward  at  the  top  of  the 
stroke  and  is  again  moved  toward  the  rear  at  the  bottom 
of  the  stroke.     If  it  be  assumed  that  the  bird  travels  at 
the  rate  of  30  m.p.h.  and  that  the  wing  motion  along  the 
path  of  the  ellipse  is  uniform  at  the  rate  of  30  m.p.h., 
the  return  movement  at  the  top  of  the  stroke  has  a  velocity 
greater  than  the  velocity  of  the  body  of  the  bird  in  the 
air  to  the  extent  of  30  m.p.h.;  hence,  at  the  top  of  the 
stroke,   the  velocity   of  the  bird  wing  in   the  air  is   GO 
m.p.h.     If,   for  a  given  airfoil  area,  the  lift  is  propor- 
tional to  the  square  of  the  velocity,  the  bird  wing  on  its 
horizontal  movement  would  have  a  lifting  capacity  four 
times  the  lift  of  a  wing,  which  is  considered  fixed  to  a 
moving  body,  as,  for  instance,  the  wing  of  a  bird  in  soar- 
ing or  gliding  flight,  or  the  wing  of  an  airplane.    At  the 
bottom  of  the  stroke,  the  bird  wing  travels  rearward  at 
a  rate  of  30  m.p.h.    The  body  of  the  bird  is  moving  for- 
ward through  the  air  at  the  same  speed;  hence,  the  rela- 
tive motion  of  the  wing  in   space  must   be  zero.     This 
condition  of  minimum  velocity  of  the  wing  with  respect 
to  the  medium  lends  itself  ideally  to  the  reversal  of  in- 
clination  of  the  wing  chord,   which   changes,   as   above 
d,  from  an  upward  slope  from  the  leading  edge  to  a 
downward  slope  from  the  leading  edge  during  the  down- 
ward and  upward  strokes  respectively. 

Function  of  the  Wing  Joint 

It  is  important  also  to  note  the  function  of  the  wing 
joint  of  birds  that  allows  the  hinging  of  the  outer  ex- 
tremity of  the  wing  about  a  horizontal  axis.  Unlike  a 
screw  propeller,  the  point  of  maximum  efficiency  of  which 
is  about  two-thirds  the  length  of  the  radius  from  the 
hub,  with  the  efficiency  becoming  less  from  that  point 
radially  inward  and  outward,  the  hinged-wing  section  of 
the  bird  can  operate  with  the  same  efficiency  from  the 
hinges  to  the  tip,  if  the  velocities  of  the  relative  move- 
ments of  the  wing  and  the  air  and  the  wing  profile  are 
constant  from  the  hinge  to  the  tip,  with  no  consideration 
of  tip  losses. 

The  above  analvsis  will  tend  to  indicate  that  the  bird 


wmg  can  perform  the  functions  of  both  sustentation  and 
propulsion  and  will  indicate  also  that,  only  with  great 

difficulty,  after  a  series  of  refinements  of  design  yet  to  be 

accomplished,  would  aerial  vehicles  of  the  presenl 
approach  the  efficiency  and  versatility  of  movement'  in 
all   directions   that    nature   shows  us  are  so  well  accom- 
plished in  the  movable  and  flexible  wings  of  the  bird 

tnsed  flight  seems  to  resemble  more  closely  the  mech- 
anism of  the  airplane  inasmuch  as  some  classes  of  insect 
have  separate  mechanisms  for  propulsion  and  sustenta- 
tion. I  he  wmg  covers,  usually  made  up  of  rigid  tissues 
are  spread  out  in  flight  and  held  stationary  while  the' 
wing  membrane  proper  operates  below  these  cover  planes 
in  rapid  rotary  motion  resembling  very  nearly  the  motion 
of  a  screw  propeller.  This  high-velocity  movement 
causes  impulses  upon  the  air  that  are  frequent  enough  to 
give  rise  to  a  musical  sound. 

Another  class  of  insect  does  not  possess  the  stiff  wing- 
covera  and  both  sustentation  and  propulsion  are  accom- 
plished by  the  propeller  action  of  the  wings  These  in- 
serts exhibit  almost  unlimited  versatility  in  movements 
which  vary  from  zero  to  maximum  velocity  in  almost  any 
direction  with  respect  to  the  axis  of  the  insect  body  ' 
rhe  lighter-than-air  machine  finds  its  parallel  in 
"ature  in  the  form  of  the  fish.  There  are  no  organisms 
hat  can  operate  in  the  air  on  the  principle  of  buoyancy 
for  the  reason  that  we  lack  sources  of  lighter-thai,  air 
media  that  could  be  used  against  the  force  of  gravity  to 
advantage  in  vertical  movement.  The  lightest  gas  so  far 
known  has  about  one-twenty-ninth  the  weight  of  air 
whereas  air  has  about  one  eight-hundredth  that  of  water' 
Apparently  nature  could  not  accomplish  the  producing  of 
aerial  fish,  a  task  that  would  be  about  800/29  =  28  times 
as  difficult  as  the  creation  of  water  fish,  even  if  hvdrogen 
were  ever  present  as  a  surface  layer  above  our  atmos- 
phere. However,  man  has  found  a  means  of  drawing 
father  easily  the  lighter  gases  from  nature's  unlimited 
resources  and  with  this  obstacle  overcome  has  attempted 
the  task  of  flowing  in  the  air  in  spite  of  the  manifold 
difficulties  of  operation  to  which  nature's  organisms  fish 
are  not  subjected,  as,  for  instance,  landing.  It  may  be 
noted  that  flying-fish  belong  in  the  heavier-than-air  class 
being  equipped  with  large  pectoral  fins  that  permit  them 
to  sustain  flight  for  a  limited  period. 

Up  to  the  present  time  practically  all  efforts  in  aero- 
nautics have  been  directed  toward  the  perfecting  of  the 
stationary  wmg  and  high-speed  propeller  combinations, 
the  airplane  being  capable  of  imitating  the  flight  of  only 
a  small  class  of  insects  and  the  soaring  flight  of  bird's 
when  the  propeller  is  inactive.  Attempts  have  been  made 
m  the  helicopter  to  simulate  the  flight  of  insects  of  a 
more  versatile  type,  which  depends  upon  propellers  only 
for  sustentation  and  propulsion;  but  great  difficulty  has 
been  experienced  in  providing  sufficient  control  for  the 
purpose  of  directing  the  propeller  thrust  in  other  than  a 
vertical  direction.  It  also  appears  that  to  depend  upon 
sustentation  by  propeller  action  alone  takes  away  the 
feature  of  safety,  a  feature  that  is  never  entirelv  realized 
in  our  complex  combustion  engines  so  much  as  it  would 
be  in  a  fixed  wing  truss  composed  only  of  parts  at  rest 
with  respect  to  one  another. 

Importance  ok  Versatility 
It  appears  that  with  the  development  of  the  airplane 
only  a  small  step  has  been  made  in  the  way  of  accom- 
plishing satisfactory  flight.  We  should  incorporate  in 
our  heavier-than-air  machine  all  the  features  that  nature 
demonstrates  in  her  various  forms  of  animal  flight  to 
give  us  the  same  feeling  of  being  perfectly  at  home  near 
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the  clouds  that  we  observe  in  the  graceful  and  playful 
motion  of  the  birds  or  the  dancing  flight  of  the  fly,  or  of 
the  humming-bird  hovering  in  the  atmosphere,  apparently 
without  effort,  darting  to  the  right  or  the  left  or  forward 
with  a  rapidity  and  ease  that  will  be  envied  by  the  human 
aeronaut  until  he  can  do  the  same. 

It  further  appears  that  we  have  been  trying  to  per- 
form successful  commercial  operations  without  question- 
ing to  any  great  extent  our  present  operating  mechanisms. 
Sustentation  has  been  provided  by  forward  motion  except 
in  the  case  of  lighter-.than-air  craft  in  which  sustentation 
is  obtained  by  principles  of  buoyancy  alone,  or  in  com- 
bination with  a  forward  movement.  In  this  manner  we 
have  accomplished  sustentation  but  with  an  apparent  lack 
of  versatility  in  the  application  of  energy.  Instead  of 
being  able  to  sacrifice  propulsion  to  aid  sustentation  at 
the  lower  speeds  and  to  sacrifice  sustentation  to  aid  pro- 
pulsion at  the  higher  speeds,  we  find  our  propelling  force 
decreasing  with  the  increase  of  the  speed  of  advance  and 
our  sustaining  surfaces  greater  than  we  can  efficiently 
use  at  these  higher  speeds.  Are  natural  flight  require- 
ments solved  in  this  manner,  or  does  nature  utilize  energy 
with  greater  discretion?  Although  the  history  of  flight 
does  not  show  that  a  flexible  propelling  mechanism  has 
ever  been  operated  successfully,  we  are  not  in  a  position 
to  say  that  this  means  of  propulsion  may  not  be  accom- 
plished in  a  manner  that  will  advance  materially  our 
efforts  to  produce  satisfactory  flight. 

When  considering  flight  from  the  point  of  view  of  those 
engaged  in  the  construction  of  aircraft,  a  number  of 
questions  arise  which  indicate  that  the  art  must  advance 
before  stability  can  be  expected.  Can  we  truthfully  say 
that  the  actively  thinking  public  is  satisfied  with  flight 
as  exemplified  by  the  past  and  present  art,  or  are  we 
still  confronted  with  the  problem  of  solving  flight  in  a 
manner  that  will  produce  absolute  confidence  and  provide 
genuine  service?  If  the  former  were  correct,  we  should 
have  little  difficulty  in  constructing  and  marketing  our 
products.  However,  if  the  latter  is  correct,  shall  we  try 
to  force  the  building  of  existing  types  or  develop  new 
aircraft  art? 

Recalling  some  of  the  principal  methods  of  transporta- 
tion, we  note  that  it  was  approximately  50  years  after  the 


invention  of  the  locomotive  before  the  service  offered  was 
acceptable  to  the  extent  of  making  the  railroads  pay. 
More  than  20  years  of  development  was  necessary  to  pro- 
vide the  service  the  general  public  required  from  the 
automobile.  We  believe  the  public  of  today  has  a  greater 
knowledge  and  appreciation  of  mechanical  progress  and 
is  learning  to  accept  it  more  readily ;  yet,  if  we  realize 
that  mechanical  flight  was  accomplished  in  1903,  we  must 
admit  that  willingness  to  accept  is  prompted  by  some 
other  reason  than  a  new  public  viewpoint.  The  general 
public  has  learned  to  invest  in  service  and  only  a  few 
persons  are  willing  to  invest  in  limited  service.  In  a 
spirit  of  desire  to  provide  service,  we  attempt  to  analyze 
the  present  conditions  that  indicate  limited  service  and, 
turning  to  aircraft  operation,  we  find  our  present  types 
hampered  by  the  lack  of  proper  landing-fields  and  aids  to 
navigation.  It  is  true  that  efforts  expended  in  this  di- 
rection would  greatly  improve  the  service  now  obtainable, 
but  are  the  requirements  for  landing-fields  reasonable,  or 
are  we  partially  nullifying  the  advantages  of  air  trans- 
portation by  the  necessary  construction  of  exceedingly 
large  suburban  landing-fields?  Are  we  satisfied  that  the 
requirements  of  our  present  craft  cannot  be  very  greatly 
improved,  or  are  we  planning  to  concentrate  our  efforts 
on  fundamentals  of  flight  to  approach  more  nearly  the 
flight  exemplified  in  nature? 

We  have  constructed  in  our  aircraft  advance  the  air- 
plane, the  airship,  the  helicopter,  the  ornithopter  and  the 
free  balloon ;  and  have  improved  them  in  varying  degrees 
until  it  appears  that  it  is  very  easy  for  us  to  continue 
these  developments.  So  long  as  these  developments  indi- 
cate reasonable  improvement,  we  are  not  likely  to  ques- 
tion the  fundamentals  of  our  work  or  attempt  widely 
different  fields  of  exploration  unless  forced  to  do  so.  We 
have  advanced  and  are  progressing  at  present,  but  the 
progress  at  present  is  largely  the  same  as  that  of  the 
general  automotive  industries;  and  if  we  were  to  analyze 
carefully  the  development  of  aircraft  since  controlled 
flight  was  first  accomplished,  would  we  find  the  greatest 
advancement  in  the  methods  of  sustentation  and  pro- 
pulsion, or  in  the  coordination  of  structural  units  and  the 
employment  of  improved  structural  materials  and  ad- 
vanced methods  of  construction? 


WELFARE  WORK 


WE  are  trying  to  ameliorate  the  prejudice  that  has  grown 
up  between  employer  and  employe.  We  want  them  to 
feel  better  toward  each  other  than  they  have  in  the  past.  One 
way  is  to  teach  the  employe  that  the  employer  cares  for 
him.  That  is  one  function  of  the  welfare  work.  It  is  to  in- 
stil in  the  minds  of  working  men  that  they  are  not  working 
machines,  that  they  are  not  to  be  scrapped  like  iron  and 
steel,  but  that  they  are  human  beings  and  have  human  souls. 
What  does  God  Almighty  care  whether  a  man  is  worth  $1,000,- 
000  or  10  cents?  What  we  are  trying  to  teach  is  brotherhood. 
We  are  trying  to  instil  in  the  minds  of  employers  that  they 
have  duties  toward  their  employes;  that  the  mere  possession 
of  capital  is  a  trust;  that  the  carrying  on  of  business  is  a 
trust,  and  that  the  human  beings  they  employ  are  entitled 
to  be  considered  as  brothers.  But  in  teaching  this  we  are 
also  teaching  the  working  men  that  they  should  be  brothers 
to  each  other,  and  learn  to  regard  their  employers  as  friends. 
What  would  you  do  if  you  were  a  day  laborer  and  all 
there  was  for  you  on  earth  was  to  work  hard  all  day,  go  home 
tired,  get  your  dinner  and  go  to  bed,  only  to  waken  the  next 


morning  to  repeat  that  routine  day  after  day  for  the  remain- 
der of  your  life?  Then  what  would  you  say  if  you  were  a 
little  higher  in  the  scale,  a  mechanic,  for  example,  and  had 
to  make  the  same  things,  work  on  the  same  piece  of  metal 
day  in  and  day  out;  that  all  you  had  to  look  forward  to  was 
getting  up  in  the  morning  and  doing  something  you  did  not 
care  to  do,  doing  it  all  day,  and  all  the  change  you  had  from 
that  mechanical  routine  was  the  little  social  enjoyment  you 
had  with  your  family  and  your  children  and  going  to  the 
movies?  How  would  you  feel  under  those  circumstances? 
Then  let  us  go  a  step  higher.  Suppose  you  were  a  banker  and 
all  the  work  for  you  to  do  was  to  go  to  your  office  and  scheme 
out  how  to  get  the  best  of  some  other  man;  how  to  make  money 
for  yourself  and  your  bank,  and  to  get  engagements  to  float 
securities  and  then  how  to  sell?  Suppose  you  were  scheming 
to  do  that  all  the  time,  and  every  day  had  that  routine  of 
collecting  and  disbursing  money.  What  would  your  life 
be?  There  are  many  sterile  souls  among  the  leading  men 
of  this  country,  many  among  the  commercial  men,  among 
the  mechanics  and  among  the  laboring  people. — Haley  Fiske. 
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\       RODYNAMIC  analysis  relates  mainly  to  questions 
i ~»   of  performance  and  stability,  the  latter  including 

both  maneuverability  and  Control,  but  the  designer's 
problems  concern  chiefly  the  predict  ion  of  the  best  pos- 
sible performance.  Accurate  analysis,  which  would  in- 
clude a  summation  of  the  elemental  resistances  of  an 
aircraft  part  by  part  and  the  making  of  many  correc- 
tions, supplemented  by  tests  of  models  in  a  wind-tun- 
nel, involves  much  labor  and  expense. 

When  a  preliminary  choice  of  dimensions  and  speci- 
fications for  a  new  type  of  an  airplane  is  to  be  made  or 
there  is  a  question  of  the  performance  attainable  with 
a  given  load  and  power,  a  shorter  method  becomes  nec- 
essary. This  is  to  be  found  in  the  derivation  of  sim- 
plified formulas  and  graphs. 

The  author  illustrates  by  examples  the  process  of  de- 
riving  these  formulas  and  considers  in  turn  such  ele- 
ments as  minimum  and  maximum  speeds;  climbing 
ability  and  the  conditions  under  which  an  airplane  will 
have  a  zero  ceiling,  that  is,  the  limiting  conditions  un- 
der which  flight  is  possible;  rate  and  angle  of  climb, 
the  latter  controlling  the  possibility  of  getting  out  of  a 
small  field  over  a  barrier;  and  the  best  ceiling  possible. 
Under  these  heads  he  takes  up  such  questions  as  fine- 
ness, which  is  the  ratio  of  the  parasite  resistance  to 
the  wing  area;  and  lift,  weight  and  power  and  their 
relations  in  determining  the  various  coefficients  which 
are  used.  Values  obtained  theoretically  from  the  for- 
mulas were  checked  by  comparison  with  those  of  about 
50  airplanes  of  various  types  of  which  the  measure- 
ments and  performance  are  known  and  application  is 
made  to  specific  examples.  Numerous  curves  show  the 
relation  of  the  various  coefficients  that  enter  into  the 
design  and  performance  of  the  airplane. 

THE  aerodynamic  analysis  of  airplanes  and  that 
portion  of  airplane  design  dealing  with  the  prac- 
tical applications  of  aerodynamic  theory  divide 
naturally  under  the  two  heads  of  performance  and  sta- 
bility, stability  being  taken  to  include  maneuverability 
and  control.  A  large  share  of  the  designer's  problems, 
therefore,  pertains  to  the  prediction  of  performance  and 
to  the  determination  of  a  design  that  will  give  the  best 
possible  performance. 

The  analysis  of  performance  may  he  carried  out  by 
several  methods,  the  more  refined  and  accurate  of  which 
involve  much  labor.  To  obtain  a  really  accurate  estimate 
of  the  speed  or  climb  of  an  aircraft  necessitates  the 
summation  of  the  elemental  resistances  part  by  part  and 
the  making  of  many  corrections  for  such  factors  as  the 
slipstream,  the  inclination  of  the  thrust  axis,  interference 
between  the  parts  of  the  structure,  and  the  like.  The 
labor  involved,  while  justified  in  a  final  calculation,  is 
too  great  to  be  undertaken  lightly  when  preliminary 
estimates  of  performance  are  to  be  made  or  when  a  num- 
ber of  different  possible  arrangements  of  the  parts  of  a 
machine  are  to  be  compared  with  respect  to  their  aero- 
dynamic qualities. 

A   much   simpler  device   for   approximating   perform- 
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ance  involves  the  use  of  a  wind-tunnel  test  of  a  complete 
model.  This  is  less  accurate  than  the  method  of  direct 
calculation,  as  the  wind-tunnel  model  is  so  small  that  it  is 
impossible  to  make  it  a  true  scale  reproduction  of  a  full- 
sized  machine  in  every  particular.  A  multitude  of  such 
items  as  fittings  and  stranded  wires,  small  individually 
but  of  importance  in  the  mass,  are  therefore  omitted 
from  consideration.  Even  if  it  were  possible  to  include 
such  parts,  the  scale  effect  would  be  so  enormous  that 
the  results  obtained  by  the  usual  method  of  scaling  in 
proportion  to  the  square  of  a  linear  dimension  and  to 
the  square  of  the  speed  would  give  incorrect  results.  A 
wing  made  to  1  20  scale  may  logically  be  expected  to 
give  very  nearly  1  400  the  lift  and  drag  of  the  full-sized 
wing  at  the  same  speed,  but  the  results  that  would  be  ob- 
tained by  attempting  to  make  a  1  20-in.  scale  model  of  a 
cable  's  in.  in  diameter  or  of  a  honeycomb  radiator  would 
be  almost  meaningless  and  certainly  would  not  repay  the 
vast  amount  of  effort  involved.  Furthermore,  the  wind- 
tunnel  does  not  allow  for  the  making  of  a  correction  for 
slipstream  effect,  a  very  important  factor  in  the  resist- 
ance of  an  airplane.  On  the  whole,  it  is  rather  remark- 
able that  notwithstanding  these  obvious  and  manifold 
disadvantages  it  is  still  possible  to  secure  a  reasonably 
close  approximation  to  the  performance  of  an  airplane 
by  a  single  test  of  the  lift  and  drag  of  a  complete  model 
in  the  wind-tunnel.  The  results  for  maximum  speed  are 
somewhat  better  than  are  those  dealing  with  climb,  as 
the  slipstream  effect,  ignored  in  the  wind-tunnel  test,  is 
of  relatively  more  importance  with  reduced  air-speed 
and  open  throttle,  which  is  a  climbing  condition,  than  at 
maximum  speed  in  level   flight. 

The  wind-tunnel  is  very  valuable  and  it  is  difficult  to 
imagine  where  we  would  find  ourselves  today  in  aero- 
nautical engineering  if  no  tunnel  tests  of  complete 
models  had  ever  been  made.  Certainly  our  knowledge  of 
stability,  as  well  as  our  ability  to  predict  performance, 
would  be  on  a  far  lower  plane  than  they  have  actually 
attained.  Entirely  aside  from  any  discussion  as  to  the 
theoretical  merits  of  wind-tunnel  testing  for  perform- 
ance, however,  it  is  evident  from  practical  considerations 
that  such  tests  cannot  be  made  in  all  cases.  Lack  of  time 
and  money  often  forbids  the  making  and  testing  of  a 
wind-tunnel  model,  just  as  it  often  prevents  the  carrying 
out  of  elaborate  performance  calculations. 

When  a  new  type  of  airplane  is  to  be  designed  and 
when  the  engineer  is  confronted  with  the  necessity  of 
making  a  preliminary  choice  of  its  general  dimensions 
and  specification,  or  when  there  is  put  up  to  him  suddenly 
the  question  of  the  performance  attainable  with  a  given 
load  and  power,  there  is  no  opportunity  to  refer  the 
problem  to  the  wind-tunnel  or  to  cover  reams  of  paper 
with  tabulations  of  resistance.  Some  shorter  method 
becomes  necessary  and  that  shorter  method  can  be  found, 
assuming  that  the  designer's  experience  with  similar 
types  is  not  sufficient  to  enable  him  to  guess  the  perform- 
ance offhand,  only  in  the  derivation  and  use  of  simplified 
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performance  formulas  or  of  graphs  that  represent 
formulas  too  complex  to  be  readily  expressed  in  analytical 
form. 

Classification  of  Performance  Formulas 
Performance  formulas  may  be  divided  into  three  prin- 
cipal groups,  (a)  those  based  solely  on  experience  with 
airplanes  previously  constructed,  (b)  those  based  on 
rational  considerations  alone,  or  perhaps  combined  with 
the  data  drawn  from  wind-tunnel  tests,  and  (c)  those 
which  depend  on  a  combination  of  theory  and  practice. 
Up  to  the  present  time,  the  first-named  class  of  formulas 
has  held  the  premier  place  and  has  often  proved  of  great 
value.  These  formulas  have  dealt  with  the  maximum 
and  minimum  speeds,  with  the  rate  of  climb  and  with 
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ceiling  and  with  every  other  conceivable  element  of  per- 
formance. They  have  been  no  less  diverse  in  their 
origins  than  in  their  purposes.  Nevertheless,  it  is  diffi- 
cult to  fit  a  purely  empirical  chart  or  formula  to  the 
solution  of  a  problem  so  complex  as  that  of  the  flight  of 
an  airplane  in  such  a  way  as  to  be  sure  that  allowance  is 
made  for  all  the  variables  that  may  affect  the  solution. 
Only  by  the  use  of  a  modicum  of  theory  can  we  feel  cer- 
tain that  we  have  omitted  from  consideration  in  our 
formulas  no  variables  that  should  be  included  and  have 
included  none  that  are  unimportant.  This  does  not 
imply  that  pure  theory  furnishes  a  satisfactory  basis 
for  the  derivation  of  formulas,  as  it  cannot  do  so  in  the 
present  state  of  our  knowledge.  It  is  always  necessary 
to  depend  at  some  point  of  the  reasoning  on  experience 
either  in  the  wind-tunnel  or  in  free  flight,  but  theory 
has  great  use  in  guiding  our  research  and  of  reducing 
the  probability  of  going  astray  in  the  quest  for  data. 
The  acid  test  of  any  formula  is  application  to  existing 
machines  for  which  the  true  performances  have  been 
determined. 

The  nature  of  the  formulas  that  can  be  secured  by  a 
combination  of  rational  derivation  and  of  experimental 
data  can  best  be  illustrated  by  actually  following  through 
the  process  of  deriving  such  expressions.  By  taking  up 
the  elements  of  performance  one  by  one  and  determining 
first  the  form  into  which  formulas  should  be  cast  and  the 
variables  involved,  actual  numerical  expressions  are  ob- 
tained which  give,  as  far  as  possible,  the  performance 


of  an  airplane  in  terms  of  its  well-known  dimensions  and 
other  characteristics. 

Minimum  and  Maximum  Speeds 
The  first  and  the  simplest  element  of  performance  to 
be  treated  is  minimum  speed.  In  virtually  all  instances 
the  true  minimum  speed  of  an  airplane  in  steady  flight 
is  determined  by  the  wing-loading  and  the  magnitude  of 
the  maximum-lift  coefficient.  The  only  exception  to  this 
rule  is  found  in  the  case  of  airplanes  whose  reserve  of 
power  is  so  small  that  the  horsepower  required  to  main- 
tain steady  horizontal  flight  at  sea  level  and  at  the  angle 
of  maximum  lift  is  greater  than  the  power  available 
under  those  conditions,  and  whose  ceiling  is  so  low  that 
it  could  only  be  regarded  as  a  freak  unsuitable  for  serious 
consideration.  It  should  be  borne  in  mind,  although  it  is 
perhaps  hardly  necessary  to  emphasize  the  fact,  that  the 
minimum  speed  that  is  calculated  from  the  maximum- 
lift  coefficient  and  the  wing  loading  is  the  true  minimum, 
and  not  the  minimum  speed  that  is  often  reported  in  per- 
formance tests  as  being  obtained  by  closing  the  throttle 
until  the  airplane  is  no  longer  able  to  maintain  level 
flight.  The  speed  of  minimum  power  is  far  from  being 
the  true  minimum  speed,  the  latter  being  determinable 
in  level  flight  only  by  keeping  the  throttle  well  open  and 
stalling  the  machine  to  such  an  angle  that  it  is  barely 
able  to  fly  level  but  staggers  along  at  an  angle  of  attack 
of  18  deg.  or  thereabout.  Few  pilots  have  ever  made  a 
serious  attempt  actually  to  reach  or  to  maintain  the  true 
minimum  speed  of  flight. 

If  it  be  accepted  that  maximum-lift  coefficient  and  load 
per  unit  area  are  the  only  critical  factors  in  minimum 
speed,  it  should  be  easy  to  derive  a  formula  in  terms  of 
these  quantities.  Writing  the  fundamental  equation  of 
lift 

L  =  LcS\" 
where 

S  =  the  wing  area 

V  =  the  speed  of  flight 

L  =  the  total  lift 
the  equation  can  be  given  a  form  applicable  to  this  special 
problem  by  taking  the  particular  values  F,„,„  and  Lc  max 
for  V  and  Lr  respectively  and  by  substituting  W,  the 
weight  of  the  airplane,  for  L,  the  lift  being  equal  to  the 
weight  in  steady  horizontal  flight.  If  this  be  done,  the 
equation  of  minimum  speed  takes  the  form 

Vmin    —  V(W/Lc  max  S)  =  V  (1/Lo  maa  )   X  V  (W/S) 

It  remains  then  only  to  assume  a  value  of  Lc  max.  If  V 
is  given  in  miles  per  hour,  the  values  of  Lc  max  range  from 
0.0026  to  0.0045.  On  substantially  all  modern  wing- 
sections,  however,  with  the  exception  of  a  few  thick  sec- 
tions used  for  cantilever  wings  only,  the  value  will  be 
found  to  lie  between  0.0029  and  0.0038,  the  higher  values 
appertaining  to  thick  sections  and  to  those  with  strongly 
concave  lower  surfaces.  Solving  for  V  (1/LC  max)  we  see 
that    " 

\  (1/0.0029)  =18.6  and  \  (1  0.0038)  =16.2 
The  formula   for  minimum  speed   is   thus   found  to  be 

Vmin  =  K1V(W/S) 
where  A',  is  to  be  chosen  somewhere  between  16.2  and 
18.6,  depending  on  the  general  type  of  wing-section  em- 
ployed. If  nothing  is  known  about  the  wing-section  to 
be  used,  a  rough  but  nevertheless  useful  approximation 
to  the  landing  speed  is  given  by  the  formula 

Vmin   =17V(W/S) 

In  Fig.  1  curves  of  minimum  speed  as  a  function  of  W/S 
are  plotted  for  the  maximum,  minimum,  and  mean  values 
of  Kr     Claims  of  landing  speeds  materially  lower  than 
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■  •  Bhown  by  the  curves  should  be  viewed  with  Btrong 
suspicion. 

The  maximum  speed  offers  more  complex  problems  than 
the  minimum,  as  not  only  the  weight  and  area  and  the 
properties  of  the  wing-section  but  also  the  power  and  the 
parasite  resistance  are  involved.  In  attempting  the  de- 
rivation of  8  rational  expression  the  most  convenient 
and  most  reasonable  simple  assumption  is  that  the  angle 
of  attack  at  maximum  speed  corresponds  to  the  angle  of 
minimum-drag  coefficient  of  the  wing.  Wind-tunnel  tests 
and  free-flight  work  unite  in  showing  ttiis  assumption  to 
lie  close  to  the  truth  in  most  cases.  A  small  change  in 
the  angle  of  attack  at  the  maximum  speed,  however,  has 
little  effect,  as  the  drag-coefficient  curve  is  ordinarily 
very  flat  in  the  neighborhood  of  the  minimum  drag.  If 
this  assumption  he  true  it  is  evident  that  a  small  change 
in  the  angle  will  have  a  negligible  effect  on  the  drag  co- 
efficient, which  can  then  be  considered  as  keeping  a  con- 
stant value.  If  the  drag  coefficient  of  the  wings  is  con- 
sidered as  remaining  constant,  the  coefficient  of  total 
lance  may  also  he  taken  as  a  constant,  since  the 
change  of  the  parasite  resistance  coefficient  with  the 
angle  of  attack  is  obviously  small.  The  equation  of  the 
power  required  at  maximum  speed  may  then  he  written 

P      i/<  S      i;  i)  (i  ;::.  i 

where 

/'    =  the  coefficient  of  wing-drag 
/.'    =  the  coefficient  of  parasite   resistance 
S  =  the  winj;  area 
«  =  the  parasite  resistance  area 
I  =--  the  maximum  horizontal  speed  in  miles  per 

hour 

both  of  these  being  assumed  to  remain  constant.  The 
power  required  for  level  flight  at  the  maximum  speed  is, 
of  course,  equal  to  the  power  available,  which  is  the 
product  of  engine  power  and  propeller  efficiency.  Tak- 
ing the  propeller  efficiency,  which  is  denoted  by  t„  also  as 
invariable,  the  equation  can  be  transposed  into  the  form 

Vmam  -  V[(P,,ri)  -h  (DcS  -   Rc«)] 
If  the  ratio  of  parasite-resistance  surface  to  wing  area 
then  be  taken  as  a  constant,  that   is,  if  the  fineness  be 
assumed  the  same  in  all  cases,  the  equation  becomes 
i  [87Bn  --  (Dc  •  Re[«  S])]>      I  /•    S  i  =  K^(P0/S) 

The  rather  surprising  conclusion  is  thus  reached  that, 
given  a  certain  fineness  of  design,  the  maximum  speed 
of  an  airplane  is  independent  of  its  weight,  provided  the 
machine  flies  at  its  maximum  speed  very  close  to  the 
angle  of  minimum  drag  of  the  wing.  This  condition,  as 
already  noted,  is  realized  in  high-speed  airplanes  and  the 
few  comparative  tests  made  on  such  machines  with  dif- 
ferent loadings  actually  show  the  speed  at  sea  level  to  be 
practically  unaffected  by  small  changes  in  weight. 

It  would,  of  course,  be  possible  to  find  the  value  of  A'_, 
as  that  of  Kt  was  determined,  by  assuming  values  of  Dr, 
1:  .  and  8  S  and  solving  directly  for  the  constant,  but  it 
is  easier  and  more  accurate  to  call  in  the  assistance  of 
free-flight  tests  at  this  point,  plotting  the  values  of  P  S 
and  of  V„„,r  against  each  other  in  such  a  way  as  to  de- 
termine the  value  of  the  constant.  This  can  be  done  most 
conveniently  by  plotting  Vmal  against  /'  S  on  logarith- 
mic paper,  as  the  curve  obtained  in  that  way  serves  not 
only  to  determine  the  value  of  A',  but  also  to  check  or  to 
disprove  the  deduction  that  the  speed  varies  as  the  cube 
root  of  the  power-area  ratio.  The  characteristics  of  65 
machines  have  been  plotted  in  this  way  in  Fig.  2  and  the 
best  mean  straight  line  drawn  through  the  group.  It  is 
found  that,  when  the  slope  of  the  line  on  the  logarithmic 
chart  is  measured,  the  slope  is  not  truly   '.,   but  0.39. 


The  best   average  straight   line  corresponds   to  the  equa- 
tion 

l  L27  (/'  m 

The  two  lines  parallel  to  that  of  best  average  denote 
speeds  lo  per  rent  higher  and  10  per  cent  lower,  re- 
spectively, than  those  given  by  the  formula.  The  maxi- 
mum departures  from  the  formula  were  found  to  be 
12  per  cent  high  and  17  per  cent  low  for  land  planes, 
while  the  speeds  of  flying-boats,  which  are  denoted  by 
crosses  in  Fig.  2,  uniformly  fell  below  the  speeds  calcu- 
lated by  the  formula,  the  maximum  discrepancy  being 
23  per  cent.  This  was  to  be  expected,  as  the  fineness  of 
flying-boats  is  in  general  inferior  to  that  of  land  planes. 
The  average  difference  between  the  speeds  calculated 
by  the  formula  and  those  found  on  actual  test  was  6.2 
per  cent  for  all  the  machines  and  5.4  per  cent  for  the 
land  planes  alone.  These  errors  may  seem  large,  but  the 
chart  includes  points  for  airplanes  as  diverse  in  their 
characteristics  as  the  old  JN 41),  the  Air  Service  Messen- 
ger, the  commercial  Junkers,  the  Verville-Packard  racer, 
and  the  Trans-Atlantic  NC  boat.  In  view  of  the  extraor- 
dinary range  of  fineness  represented  among  the  ma- 
chines used,  the  maximum  departure  from  the  mean 
curve  is  not  excessive.  The  average  errors  just  men- 
tioned are  a  good  measure  of  the  probable  error  in  using 
the  formula  or  curve  if  no  attempt  is  made  to  allow  for 
differences  in  fineness.  The  probable  error  can  be  much 
reduced,  however,  if  some  attempt  is  made  to  estimate 
the  fineness  of  an  airplane  and  to  modify  the  constant  in 
the  formula  accordingly.     It  is  obvious  by  a  glance  at 
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-curves   of  the   minimum    power   necessary   for   flight 
Plotted  in  Terms  of  the  Weight  and  the  Area 


some  airplanes  that  they  have  more  parasite  resistance 
than  the  average  for  their  type,  while  others  have  corre- 
spondingly less.  The  exercise  of  a  little  judgment  in  this 
respect  materially  decreases  the  amount  of  error  liable 
to  appear. 

The  reason  for  the  choice  of  the  exponent  0.39  in  place 
of  y3  calls  for  a  few  words  of  explanation,  as  this  change 
may  appear  to  invalidate  all  the  theory  that  has  been 
given  and  to  reduce  the  whole  matter  once  moi'e  to  guess- 
work and  empiricism.  The  variation  of  the  exponent  is, 
however,  very  logical  and  indeed  might  have  been  ex- 
pected in  view  of  the  assumptions  made.  In  the  first 
place,  the  assumption  was  made  that  the  airplanes  treated 
by  the  formula  were  all  to  fly  at  maximum  speed  at  the 
angle  of  minimum-drag  coefficient.  While  it  has  been 
seen  that  this  is  substantially  in  accordance  with  the 
facts  for  pursuit  and  racing  airplanes,  it  is  far  from 
representing  the  true  conditions  of  flight  for  commercial 
and  heavily  loaded  bombing  craft.  Machines  of  these 
types  fly  at  maximum  speed  at  angles  higher  than  that 
of  minimum  drag,  and  the  wing-drag  coefficient  is  there- 
fore greater  than  for  the  small  fast  types.  It  is  logical 
to  expect  then  that  a  decreasing  value  of  P  S  will  cut 
down  the  maximum  speed  more  rapidly  than  would  be 
indicated  by  a  theory  based  on  minimum-drag  coefficients 
in  all  cases.  Furthermore,  the  derivation  of  a  single 
formula  for  the  maximum  speed  rested  on  the  implicit 
assumption  of  equal  fineness  for  all  machines.  This,  of 
course,  is  far  from  the  truth  and  it  is  found  in  general 
that  the  best  fineness,  or  the  lowest  values  of  Res/DcS, 
occur  in  fast  machines  having  high  values  of  P/S.  This 
again  would  indicate  the  probability  of  such  an  increase 
in  the  exponent  of  P  S  as  has  actually  been  found. 

A  number  of  other  empirical  and  semi-empirical  for- 
mulas have  been  derived  for  the  purpose  of  finding  maxi- 
mum speed,  and  a  few  may  be  cited  for  comparison  with 
that  just  discussed.  Bairstow,  for  example,  gives  the 
expression 

(Vmax  —  55):  =  1445    [(40-r-  [W/P]  —  1)] 
for  a  constant  wing-loading  of  7  lb.  per  sq.  ft.,  and  the 
report  of  the  British  Advisory  Committee  on  load  factors 


for  aircraft  presents  the  alternative  formula  of  similar 
type 

([\  »,«H-\  (W  S)]— 25):=196([84.8-M[WVP]V[HVS])]— 1) 
This  applies  only  to  single-engine  land  planes,  the  values 
of  the  constants  being  changed  for  other  types.  Compar- 
ison of  these  two  formulas  shows  a  remarkable  agreement 
in  view  of  the  modification  of  the  constant,  the  results 
being  the  same  within  1  per  cent  for  all  reasonable  power 
loadings.  Both  the  British  formulas  give  maximum 
speeds  from  7  to  10  per  cent  higher  than  that  which  I 
have  proposed  in  this  paper.  The  general  agreement  in 
the  nature  of  the  change  of  maximum  speed  with  power 
loading  and  wing  loading  is,  however,  good;  the  differ- 
ence between  the  results  from  the  Advisory  Committee's 
formula  and  those  from  the  one  derived  here  being 
nearly  uniform  throughout  as  can  be  seen  from  Table  1. 

TABLE   1 COMPARISON    OF    AIRPLANE    SPEEDS   CALCULATED 

BY  DIFFERENT  FORMULAS 

Maximum  Speed  by  Formula,  m.p.h. 
British  Advisory 


W/P 

W/S 

Bairstow 

Committee 

Warner 

7 

7 

137 

136 

127 

8 

7 

131 

130 

121 

10 

7 

120 

120 

111 

12 

7 

113 

113 

103 

15 

7 

104 

104 

95 

20 

7 

93 

94 

85 

9 

9 

136 

127 

6 

6 

132 

127 

An  American  aeronautical  engineer  has  recently  de- 
vised a  maximum-speed  formula  which  has  not  yet  been 
published,  and  which  I  am  not  at  liberty  to  quote,  but 
which  appears  to  give  better  results  than  any  of  the 
others  that  have  been  mentioned. 

Climbing  Calculations 

After  minimum  and  maximum  speed,  the  most  inter- 
esting application  of  formulas  is  in  connection  with  climb 
calculations,  particularly  in  the  determination  of  the  con- 
ditions under  which  an  airplane  will  have  a  zero  ceiling 
or,  in  other  words,  the  limiting  conditions  under  which 
flight  is  possible. 

The  first  step  in  the  determination  of  any  climb  for- 
mula must  be  the  securing  of  information  about  the  de- 
pendence of  the  minimum  power  required  on  the  charac- 
teristics of  the  airplane,  since  all  climb  calculations 
depend  on  the  amount  of  power  required  for  horizontal 
flight.  Such  a  relation  can  be  obtained  by  making  cer- 
tain approximations  as  to  the  speed  at  which  the  best 
climb  is  to  be  secured  and  as  to  the  L/D  of  the  airplane 
under  climbing  conditions.  If  the  L/D  is  known,  the 
resistance  in  steady  flight  can  obviously  be  obtained  from 
the  formula  R  =  JP-=-  (L  D)  and,  if  the  air  speed  for 
the  best  climb  be  assumed  to  be  given  by  the  relation 
\\-Kmin,  the  minimum  power  required  for  flight  is 
evidently  equal  to  WKV,,,,,,  -r-  (375  L/D),  Vmi„  being 
given  in  miles  per  hour.  Substituting  the  expression 
already  obtained  for  V,„,„,  this  formula  becomes 
Pre,  =  [KW  X  A',  X  V  (W/S)  ]  -v-  [375  (L/D)  ] 

The  horsepower  available  is  of  course  equal  to  P0  f„ 
and  it  is  therefore  necessary  only  to  choose  values  for 
A',  A',,  L  D,  and  i\  in  order  that  formulas  for  the  approxi- 
mate solution  of  all  climb  problems  can  be  obtained.  In 
particular,  it  is  evident  that  the  limiting  condition  under 
which  flight  is  possible  is  that  in  which  the  horsepower 
available  and  the  horsepower  required  are  equal  at  sea 
level,  or  that  in  which 

W/P  X  V(W/S)  =  [375(L/D)i]  -4-  A',A' 
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At  the  angle  of  best  climb,  wind-tunnel  tests  and  such 

flight   information  as  is  available  alike  indicate  thai 
the  /.  /»  for  a  complete  airplam  expo  ted  to  lie  in 

the  neighborhood  of  7.5.  It  has  already  been  Been  that 
17  is  the  average  value  of  K  .  The  propeller  efficiency 
under  climbing  conditions  may  be  taken  as  70  per  cent. 
Finally,  experience  shows  the  climbing  -peed  of  an  air- 
plane n  the  average  35  per  cent  greater  than  the 
minimum  speed,  and  K  may  thus  be  taken  as  L.35.  Com- 
bining th(  is,  the  equation  for  horsepower  required 
becoi 

/',,,,      o.nos-j  H        >.  (IP  >'i 
and  the  limit  of  possible  Might  is  given  bj    the  condition 

(ir  P)  .  ill'  S)<  B5.9 
The  minimum  power  necessary  for  Right  in  accordance 
with  this  formula  is  plotted  in  Fig.  •"•  in  terms  of  weight 
and  area.  The  full  lines  in  Fig.  3  represent  various  en- 
gine powers,  while  the  dotted  lines  are  loadings  in  pounds 
per  square  foot.  The  application  of  the  chart  is  simple. 
If.  for  example,  it  be  desired  to  find  the  minimum  power 
with  which  a  total  load  of  3000  lb.  can  be  carried  without 
going  to  a  wing  loading  of  less  than  4  lb.  per  sq.  ft.,  the 
power  is  read  off  at  the  point  corresponding  to  750  sq.  ft. 
and  3000  lb.  and  found  to  be  69  hp.  If  a  reserve  of  25 
per  cent  of  the  total  horsepower  is  desired  as  a  minimum, 
it  is  deduced  that  the  minimum  practical  power  with 
which  such  a  machine  could  be  taken  off  the  ground 
would  be  69  x  4  3  or  92  hp.  Similarly,  if  we  seek  to  find 
the  maximum  load  that  can  be  carried  by  a  100-hp.  en- 
gine with  a  wing  loading  of  not  less  than  6  lb.  per  sq.  ft., 
the  result  will  be  found  at  the  intersection  of  the  full  line 
marked  100  and  the  dotted  line  representing  6  lb.  per 
sq.  ft.  This  intersection  corresponds  to  3500  lb.  and 
585  sq.  ft. 

The  rate  of  climb  is  determined  by  the  familiar  method 
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no.    I — Curves   Showing  How  the  Hate  of  Climb  at  Sea  Level 

Should  Vary  as  a  Function  or  the  Loading  per  Square  Foot  and 

the  Loading  pi  iwes 


10      15       20      25       30       35      40      45       50       55      60      65      10     75 
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f-'n ..    .".  —RELATION    BETWEEN    THE    An. i  i        i     CLIMB    AND    THE    WEIGHT 

of  dividing  the  excess  of  power  available  over  the  power 
required  by  the  weight  of  the  machine.  The  rate  of  climb 
in  feet  per  minute  at  sea  level  should  therefore  be  given 
by  the  formula 

Vc  =  33,000  [{P/W)v  —  0.0082\  (M'/S)] 
In  this  connection  it  will  be  wiser  to  take  65  per  cent 
rather  than  70  per  cent  as  the  propeller  efficiency  in 
climbing,  since  the  machine  that  is  barely  able  to  fly  will 
have  its  propeller  designed  for  the  one  speed  at  which 
it  can  get  off  the  ground,  while  the  airplane  with  a  more 
normal  climb  and  reserve  of  power  has  its  propeller  de- 
signed for  a  speed  nearer  the  maximum  and  therefore 
works  more  inefficiently  under  climbing  conditions.  Tak- 
ing account  of  this  the  expression  becomes 

Vc=  [(21,400-4-  [W'P])  —  271V  (W7S)] 
[271    :    (IP ,/')]  x  [79—  ([W/P]XV[W/S-\)1 
Fig.  4  shows  how  the  rate  of  climb  at  sea  level  should 
vary  as  a  function  of  the  loading  per  square  foot  and  the 
loading  per  horsepower. 

Another  performance  factor  of  interest,  especially  in 
commercial  airplanes,  is  the  angle  of  climb,  which  con- 
trols the  possibility  of  getting  out  of  a  small  field  over 
a  barrier.  The  sine  of  the  angle  of  climb  is,  of  course, 
proportional  to  the  ratio  of  the  climbing  speed  to  the  air 
speed.  The  formula  for  the  climbing  speed  is  given 
just  above  and  it  has  been  seen  that  the  air  speed  in 
climb  may  be  taken  as  22.9  y  (W  S)  in  miles  per  hour,  or 
2015y(W7S)  in  feet  per  minute.  The  formula  for 
climbing  angle  therefore  becomes 

sin  6  =  (10.62-4-  [(WVP)V(HVS)]  — 0.135) 
A  curve  of  e  against  (W/P)  \/(W/S)  is  plotted  in  Fig.  5. 

Ceiling  Formula 

The  determination  of  the  formula  for  ceiling  in  terms 
of  weight,  area  and  power  alone  requires  some  prelim- 
inary analysis  in  order  that  the  ceiling  may  be  found  in 
terms  of  the  horsepower  available  and  the  horsepower 
required  at  sea  level.  It  is  well  known  that  the  mini- 
mum horsepower  required  for  flight  varies  inversely  as 
the  square  root  of  the  air  density,  and  it  has  been  found 
by  experience  that  if  an  exponential  relation  is  required 
a  satisfactory  approximation  to  the  variation  of  the  en- 
gine power  with  the  altitude  is  given  for  most  engines 
by  the  formula  P  =  P„"\  P„  being  the  power  at.sea  level. 
The  maximum  power  available  and  the  minimum  power 
required  must  be  equal  at  the  ceiling  if  the  propeller  is 
designed  so  as  to  give  the  best  ceiling  possible. 

The  horsepower  curves  at  the  ceiling  with  such  a  pro- 
peller would  have  a  common  horizontal  tangent,  as  indi- 
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Fig.    6 — Horsepower  Curves  at  the  Ceiling 

cated  in  Fig.  6.  The  condition  of  flight  at  the  ceiling 
would  then  be  expressed  by  the  equation 

Pro(pk/po)-°-5=Pa0(p),/p<,)1-15 

or 

(p0/p»)165  =  (Poo/Pro) 

where 

pa  =  the  air  density  at  the  ceiling 
pc  =  the  air  density  at  sea  level 
Pro  =  the  minimum  horsepower  required  at  sea  level 
Pao  =  the  maximum  horsepower  available  at  sea  level 
Taking  the  logarithms  of  both   sides   of  this   equation 
we  have 

1.65  log  (oo/ph)  =log  (Pao/Pro) 

The  relation  between  the  air  density  and  the  altitude 
under  normal  temperature-gradient  conditions  is  given 
with  sufficient  exactness  for  most  practical  purposes  by 
the  formula 

h  =  69,000  logw(p0/pi.) 
Substituting  in  the  power-density  equation  the  value  for 
the  logarithm  of  the  density  ratio  obtained  from   this 
density-altitude  relation  the  formula  for  ceiling  height 
becomes 
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Application  of  the  Formula  for  Ceiling  to  a  Number  of 
Airplanes 


H  =  42,000  log,„ (Pao/Pro) 

Referring  back  to  the  approximate  values  given  for  Pa0 
and  Pro,  however,  it  will  be  seen  that  their  ratio  is  equal 
to  85.9^-  (W/P)  V  (W/S)  and  the  theoretical  formula 
for  absolute  ceiling  in  terms  of  the  principal  character- 
istics of  the  airplane  therefore  appears  to  be 

H  =  42,000  log,„  [85.9  -^  (W/P)  V  (W/S)  ] 
This  formula,  like  the  one  for  maximum  speed,  has  been 
put  to  the  test  of  application  in  a  number  of  airplanes 
for  which  performance  data  were  at  hand,  and  the  results 
are  shown  in  Fig.  7.  Semi-logarithmic  paper  was  used 
in  this  instance  in  order  that  the  formula  just  given 
might  plot  as  a  straight  line.  The  points  are  so  grouped 
as  to  leave  no  doubt  that  absolute  ceiling  is  primarily  a 
function  of  (W/P)  y  (W/S),  just  as  maximum  speed  has 
been  seen  to  be  primarily  a  function  of  P/S.  The  process 
of  drawing  the  best  average  straight  line  through  the 
points  in  Fig.  7,  however,  indicates  that  the  ceiling  for- 
mula, like  that  for  maximum  speed,  can  be  improved  by 
slight  changes  in  the  values  of  the  constants,  the  changes 
in  the  present  instance  being  very  small.  The  actual 
form  of  the  expression  giving  the  best  mean  results  for 
the  46  airplanes  considered  proves  to  be 

H  =  40,000  log*,  [87.6  -r-  (W/P)  V  (W/S)] 
The  average  error  in  predicting  the  ceiling  by  this  for- 
mula was  12.6  per  cent.  Absolute  ceiling  is  both  harder 
to  calculate  and  harder  to  measnre  than  maximum  speed, 
and  it  is  therefore  natural  that  the  average  error  in  the 
application  of  the  formula  should  be  somewhat  larger 
for  the  ceiling  than  for  the  velocity. 

If  the  time  to  climb  to  a  particular  altitude  is  required 
it  can  be  found  by  calculating  the  absolute  ceiling  and  the 
rate  of  climb  at  sea  level  and  then  applying  the  familiar 
climb  formula 

t  =  —  (H/Vco)  ■  loge  [1  —  h/H)  ] 
where 

H  =  the  absolute  ceiling 
t  —  the  time  to  climb  to  the  height  h 
Vco  =  the  initial  rate  of  climb 

Applications  of  Formulas 

In  closing,  it  is  of  interest  to  consider  a  few  examples 
showing  how  these  formulas  and  curves  can  be  applied 
to  specific  problems  in  the  quick  estimation  of  the  ap- 
proximate performance  of  an  airplane.  Suppose,  for  ex- 
ample, that  it  is  required  to  design  an  airplane  to  have  a 
maximum  speed  of  100  m.p.h.  to  carry  4000  lb.  of  useful 
load,  including  fuel,  and  to  reach  an  absolute  ceiling  of  at 
least  12,000  ft.  The  total  weight,  the  power  and  the 
wing  area  are  to  be  found.  The  requirement  of  a  speed 
of  100  m.p.h.  gives  immediately  a  power-to-area  ratio. 
By  reference  to  Fig.  2,  this  is  found  to  be  0.54.  A  sim- 
ilar reference  to  the  ceiling  chart,  Fig.  7,  shows  that  an 
absolute  ceiling  of  12,000  ft.  requires  that  the  value  of 
( W/P)  V  (W/S)  shall  not  exceed  44.  It  is  now  possible 
to  solve  directly  for  the  power  loading  and  the  wing 
loading,  which  are  found  to  be  15.3  lb.  per  hp.  and  8.3  lb. 
per  sq.  ft.  Assuming  the  useful  load  to  be  40  per  cent 
of  the  total  weight,  the  required  quantities  are  found  to 
be  10,000  lb.,  655  hp.  and  1210  sq.  ft.  The  approximate 
minimum  speed  would  be  40  m.p.h. 

As  a  second  illustration,  we  may  find  the  minimum 
wing-area  with  which  it  will  be  possible  to  carry  a  total 
load  of  4000  lb.  to  a  height  of  20,000  ft.,  using  a  400-hp. 
engine.  The  power  loading  is  then  10  lb.  per  hp.,  and 
Fig.  7  shows  that  (W/P)  y  (W/S)  must  not  exceed  27.7 
if  20,000  ft.  is  to  be  reached.  W/S  therefore  must  be  less 
than  7.7  lb.  per  sq.  ft.,  and  the  wing  area  must  be  at 
least  520  sq.  ft.  The  maximum  speed  should  be  115  m.p.h. 
and  the  minimum,  47  m.p.h. 
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Reports   of    Divisions   to 
Standards  Committee 


THE  following  Division  Reports  will  be  presented 
at  the  Standards  Committee  Meeting,  Tuesday, 
June  20,  beginning  promptly  at  10:30  a.  m.,  at  the 
White  Hotel,  White  Sulphur  Springs,  W.  Va.  They  are 
published  in  this  issue  of  The  Journal  sufficiently  in  ad- 
vance of  the  meeting  to  permit  a  careful  review  of  the 
recommendations  and  the  preparation  of  the  discussion 
by  the  members  of  the  Standards  Committee  and  others. 

The  reports  of  the  Divisions  will  be  presented  at  the 
Standards  Committee  Meeting  in  the  order  in  which  they 
appear  hereinafter.  Discussion  of  the  reports  is  invited 
from  all  who  are  technically  familiar  with  the  several 
subjects. 

Under  the  Standards  Committee  Regulations  only 
members  of  the  Standards  Committee  may  participate  in 
the  voting  that  will  follow  the  discussion  of  each  recom- 
mendation at  the  Standards  Committee  Meeting.  At  the 
Society  Meeting  only  voting  Members  of  the  Society  may 
participate  in  the  voting. 

All  subjects  passed  at  the  Standards  Committee  and  the 
Society  Meetings  will  be  reported  in  the  August  issue  of 
The  Journal  and  submitted  to  a  letter  ballot  of  all  of 
the  voting  Members  of  the  Society,  unless  contrary  direc- 
tion is  given  by  the  Council. 

The  several  Divisions  submitting  reports,  and  the  Sub- 
divisions that  in  many  instances  prepared  them,  have  con- 
sidered carefully  the  respective  subjects  and  the  condi- 
tions bearing  on  them.  It  should  be  borne  in  mind  that 
the  recommendations,  which  have  been  founded  on  data 
obtained  directly  from  the  industries,  are  necessarily 
compromises  in  greater  or  less  degree  of  the  current  prac- 
tice of  individual  companies,  and  involve  what  may  be 
considered  ideal  practice  so  far  as  this  is  feasible.  It 
should  be  understood  also  that  the  recommendations  need 
not  necessarily  be  put  into  practice  upon  their  adoption 
by  the  Society,  but  that  they  should  be  followed  by  the 
various  industries  when  changes  in  design  or  production 
make  it  economically  possible  to  do  so. 

The  members  of  the  Standards  Committee,  who  are  se- 
lected because  of  their  broad  experience  and  ability  to 
represent  adequately  the  many  branches  of  the  automo- 
tive industries,  have  given  generously  of  their  time  and 
resources  to  the  standardization  work  during  the  past 
months  in  face  of  their  more  or  less  increased  regular 
duties.  The  standardization  work  involved  traveling  to 
and  attending  24  Division  meetings  and  a  dozen  or  more 
Subdivision  meetings. 

This  truly  indicates  the  recognized  value  of  standards, 
and  makes  it  practically  necessary  for  the  managers  and 
executive  directors  of  the  industries  to  keep  informed  of 
the  work  being  done  by  the  Society,  and  to  give  it  due 
recognition  and  support  by  having  the  standards  used 
in  their  products  as  extensively  as  possible.  The  manu- 
facturing and  sales  executives  are  urged  to  review  the 
recommendations  of  the  Standards  Committee,  to  bring 
their  points  of  view  to  bear  in  the  discussion  at  the  White 
Sulphur  sessions  and  to  facilitate  the  work  of  the  engi- 
neers in  the  production  of  the  products  involved  by  hav- 
ing the  standard  recommendations  reduced  to  practice  as 
promptly  and  widely  as  is  feasible. 


Progress  Reports 

Arrangements  have  been  made  with  some  of  the  Chair- 
men of  Divisions  and  Subdivisions  for  presenting  prog- 
ress reports  on  a  few  of  the  more  important  subjects  that 
are  under  consideration  but  are  not  ready  for  final  rec- 
ommendation to  the  Standards  Committee.  These  re- 
ports are  intended  primarily  to  familiarize  the  Standards 
Committee  members  in  a  general  way  with  what  is  being 
accomplished  and  to  give  the  Divisions  or  Subdivisions 
the  benefit  of  discussion  by  the  Standards  Committee  and 
its  guests  as  a  guide  in  further  study  of  the  subjects. 

The  subjects  on  which  it  is  planned  to  have  progress 
discussion  are  listed  below.  The  progress  report  of  the 
Lubricants  Division  is  appended  to  the  Division  reports. 

Crankcase  Lubricants 

H.  C.  Mougey,  chairman  Lubricants  Division 
Engine  and  Frame  Numbers 

R.  S.  Begg,  chairman  Passenger-Car  Division 

.1.  B.  Fisher,  chairman  Engine  Division 
Metric  Thrust  Bali-Bearings 

E.  N.  Carter,  member  Subdivision 
Brake-Linings 

Clarence  Carson,  chairman  Subdivision 
Automotive  Starting  and  Lighting  Equipment 

A.    D.    T.    Libby,    member    Electrical    Equipment 

Division 

The  presentation  of  the  last-named  subject  in  the  fore- 
going list  at  the  Standards  Committee  meeting  is  planned 
in  order  to  discuss  the  work  that  has  been  done  in  the 
standardization  of  automotive  starting  and  lighting 
equipment  and  the  actual  use  of  the  standards  by  engine 
and  automobile  manufacturers.  Mr.  Libby  is  well  posted 
on  the  work  of  the  Electrical  Equipment  Division  and 
other  bodies  interested  in  the  subject,  which  has  resulted 
in  the  standards  adopted  by  the  Society  and  printed  on 
pages  B17  to  B20  inclusive  of  the  S.A.E.  Handbook. 

AXLE  AND  WHEELS  DIVISION  REPORT 


Division 
G.  W.  Dunham,  Chairman 
C.  C.  Carlton,  Vice-Chairman 
R.  S.  Begg 
T.  V.  Buckwalter 
A.  C.  Burch 

R.  J.  Burrows 
L.  W.  Close 
J.  Coapman 
C.  S.  Dahlquist 
F.  S.  Denneen 
F.  W.  Gurney 

F.  P.  Hall,  Jr. 

G.  W.  Harper 
G.  L.  Lavery 
A.  M.  Laycock 
H.  V.  Ludwick 
C.  T.  Myers 
A.  L.  Putnam 
O.  J.Rohde 


H.  Yanderbeek 


Personnel 

Savage  Arms  Corporation 

Motor  Wheel  Corporation 

Jordan  Motor  Car  Co. 

Timken  Roller  Bearing  Co. 

Formerly  with  Clydesdale  Mo- 
tor Truck  Co. 

Clark  Equipment  Co. 

Hock  Bearing  Co. 

Russel  Motor  Axle  Co. 

Eaton  Axle  Co. 

Grant  Motor  Car  Co. 

Gurney  Ball  Bearing  Co. 

Salisbury  Axle  Co. 

Columbia  Axle  Co. 

West  Steel  Casting  Co. 

Sheldon  Axle  &  Spring:  Co. 

Budd   Wheel  Corporation 

Consulting  Engineer 

Detroit  Pressed  Steel  Co. 

Wire  Wheel  Corporation  of 
America 

Timken-Detroit  Axle  Co. 
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Motor-Truck  Front-Axle  Hubs 

[Proposed  I-:. 'tension  of  S.A.E.  Recommended  Practice) 
When  the  present  S.A.E.  Recommended  Practice  for 
Motor-Truck  Front-Axle  Hubs,  page  Fib  of  the  S.A.E. 
Handbook,  was  reported  to  the  Standards  Committee 
in  January  1921,  the  report  contained  many  detail  dimen- 
sions that  were  not  included  in  the  recommended  prac- 
tice finally  adopted  in  July. 

In  January  1922  a  new  Division  of  the  Standards  Com- 
mittee, known  as  the  Axle  and  Wheels  Division,  was  ap- 
pointed to  consider  all  matters  pertaining  to  axle  and 
wheel  assemblies.  Among  the  subjects  assigned  to  this  Di- 
vision is  Passenger-Car  Front-Axle  Hubs,  a  recommenda- 
tion for  which  is  now  being  formulated  by  a  Subdivision, 
which  has  practically  the  same  personnel  as  the  Subdi- 
vision of  the  Truck  Division  that  formulated  the  Report 
on  Motor-Truck  Front-Axle  Hubs.  At  a  meeting  of  this 
Subdivision  in  April  it  was  recommended  that  the  com- 
plete dimensions  for  the  threaded  end  of  the  spindle  for 
motor-truck  front-axle  hubs,  that  were  shown  in  the 
original  report  last  year,  should  be  incorporated  in  the 
present  S.A.E.  Recommended  Practice  to  provide  a  com- 
plete standard  for  motor-truck  front-axle  spindles.  It 
was  also  recommended  that  a  supplementary  table,  to  be 
used  as  general  information  only,  be  appended  to  the  rec- 
ommended practice  to  indicate  the  fundamental  factors 
upon  which  the  report  was  based.  These  recommenda- 
tions were  approved  by  the  members  of  the  Axle  and 
Wheels  Division  by  letter  ballot.    Therefore 

The  Axle  and  Wheels  Division  recommends  that  the 
accompanying  tables  be  approved  by  the  Standards 
Committee  for  adoption  as  an  extension  of  the  present 
S  A.E.  Recommended  Practice  for  Motor-Truck  Front- 
Axle  Hubs,  page  Fib  of  the  S.A.E.  Handbook 

DIMENSIONS    OF    MOTOR-TRUCK    FRONT-AXLE    SPINDLE-ENDS 


Spindle  No. 

5 

6 

7 

s 

9 

Thread,  U.S.  S.... 

lJf-7 

IK  ' 

1J4-6 

114-6 

v2-*\ 

Length  of  thread- 

1  -S- 

1  16 

1A 

ltt 

1  13. 
A  16 

1  A* 

L  16 

Height  from  center- 
line  of  spindle  to 
flat     milled    on 
threaded-end    .  . 

7 
16 

7 
16 

9 
16 

9 
16 

T6" 

Center   of   cotter- 
pin  hole  to  end 

3 
16 

3 
16 

3 
16 

3 
16 

3 
16 

Diam.    of    cotter- 

3T 

32" 

7 
3  2 

7 

32 

T2 

Width  of  groove  at 
back     end    of 
thread  

1  B 

y% 

Vs 

H 

a 

GENERAL  INFORMATION  FOR  MOTOR-TRUCK   FRONT-AXLE  HUBS 


Spindle  No. 

5 

6 

7 

8 

9 

— ■ 

Spindle  load  rating  in  Lb.  on 
solid  tire  al  ground 

1250 

1625 

2125 

2750 

3500 

Solid  tire  size 

:iw:;'  , 

36x4 

36x5 

36x6 

36x7 

Solid  tire  load  rating,  Lb. 

1300 

1700 

2500 

3300 

4200 

ELECTRICAL  EQUIPMENT  DIVISION  REPORT 

Division  Personnel 

F.  W.  Andrew,  Chairman  Eisemann    Magneto    Corpora- 


T.  L.  Lee,  Vice  Chairman 
Azel  Ames 

G.  S.  Cawthorne 
W.  A.  Chryst 

S.  F.  Evelyn 

C.  F.  Gilchrist 
W.  S.  Haggott 
C.H.  Kindl 

F.  C.  Kroeger 
B.  M.  Leece 
A.  D.  T.  Libby 

Charles  Marcus 
Ernest  Wooler 


North  East  Electric  Co. 

Kerite  Insulated  Wire  &  Cable 
Co. 

Master  Trucks,  Inc. 

Dayton  Engineering  Labora- 
tories Co. 

Continental  Motors  Corpora- 
tion 

Electric  Auto-Lite  Corporation 

Packard  Electric  Co. 

Westinghouse  Electric  &  Mfg. 
Co. 

Remy  Electric  Co. 

Leece-Neville  Co. 

Splitdorf  Electrical  Co. 

Bijur  Motor  Appliance  Co. 

Cleveland  Automobile  Co. 


Ignition-Distributor  Mountings 
(Proposed  Revision  of  S.A.E.  Standard) 

The  present  S.A.E.  Standard  for  Ignition-Distributor 
Mountings,  page  B16  of  the  S.A.E.  Handbook,  specifies 
that  the  distance  from  the  base  of  the  distributor  mount- 
ing barrel  to  the  bottom  of  the  tongue  of  the  distributor 
half  of  the  driving  coupling  shall  "vary  to  suit  condi- 
tions." As  it  was  suggested  by  an  ignition-distributor 
manufacturer  that  this  dimension  should  be  definitely 
established,  W.  A.  Chryst,  of  the  Dayton  Engineering 
Laboratories  Co.,  was  appointed  a  Subdivision  to  report 
on  the  advisability  of  this. 

Mr.  Chryst  submitted  at  the  April  meeting  of  the  Elec- 
trical Equipment  Division  a  report  which  was  approved. 

This  report  was  referred  to  automobile  engine  and  ig- 
nition-apparatus manufacturers  for  comment  and  met 
with  general  approval.    Therefore 

The    Division    recommends   that   the   present    S.A.E. 

Standard    for    Ignition-Distributor    Mountings    be    re- 


vised by 
(1) 


(2) 


Specifying  a  dimension  of  27/32  in.  for  the 
distance  from  the  bottom  of  the  distributor 
mounting  barrel  to  the  bottom  of  the  tongue 
on  the  distributor  half  of  the  driving  coup- 
ling of  the  Type-B  ignition-distributor 
Changing  the  limits  for  the  bore  in  the 
coupling  from  0.4930  in.  maximum  and 
0.4920  in.  minimum  to  0.4915  in.  maximum 
and  0.4905  in.  minimum 

Magneto  Mountings 

(Proposed  S.A.E.  Standard) 

Several  requests  were  received  by  the  Society  in  1920 
for  the  standardization  of  mountings  for  magnetos  used 
on  stationary  engines,  isolated  electric-lighting  plants 
and  small  tractors  on  which  the  present  S.A.E.  Stand- 
ard magneto  mounting  could  not  be  used.  In  view  of  the 
importance  of  such  standardization,  the  following  Sub- 
division of  the  Electrical  Equipment  Division  was  ap- 
pointed : 

Eisemann  Magneto  Corpora- 
tion 

International  Harvester  Co. 

Associated   Manufacturers  Co. 

Splitdorf  Electrical  Co. 

Alamo  Farm  Light  Co. 


F.  W.  Andrew,  Chairman 


tion 


W.  F.  Borgerd 
James  M.  Edwards 
A.  D.  T.  Libby 
F.  L.  Tubbs 

As  the  three  members  last  named  are  members  of  the 
Agricultural  Power  Equipment,  Stationary-Engine  and 
the  Isolated  Electric  Lighting  Plant  Divisions,  respec- 
tively, the  Subdivision  was  representative  of  all  interests 

involved. 

Upon  making  a  general  survey  of  the  situation,  the 
Subdivision  found  that  the  practice  varied  considerably, 


1 


June,  1  if-'-.' 


No.  (i 
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comparatively  low  companies  using  the  Bame  dimensions 

for  mounting  small  magnet 

A  meeting  of  members  of  the  Subdivision  and  a  num- 
Of  others  was  held  on  Nov.  '■'■.  1921,  following  a  two- 
da)  session  of  the  Gas  Engine  ami  Farm  Power  Asso- 
ciation at  which  most  of  the  magneto  manufacturers  were 
represented.  As  a  result  of  this  conference  a  Subdivi- 
sion report  was  formulated  and  sent  to  stationary-engine. 
isolated  electric-lighting  plant,  tractor  and  magneto 
manufacturers  for  comment.  A  large  number  of  replies 
were  received  indicating  general  approval  of  the  report. 

The  recommendation  was  also  publidhed  in  the  April 

of  The  Journ  u  . 
At  the  meeting  of  the  Electrical  Equipment  Division 
on  April  1-1.  Mr.  Andrews  submitted  the  report  of  the 
Subdivision  which  was  carefully  discussed.  It  was 
thought,  however,  advisable  to  extend  the  report  to  in- 
clude the  timing-lever  dimensions  in  accordance  with 
the  dimensions  specified  in  the  present  standard  for  mo- 
torcycle magnetos.    Therefore 

The  Division  recommends  that  the  magneto  dimen- 
sions given  in  the  accompanying  illustration  be 
adopted  as  S.A.K.  Recommended  Practice,  as  an  addi- 
tion to  the  present  S.A.E.  Standard  for  Magneto 
Mountings,  page  B14  of  the  S.A.E.  Handbook 


■^(l.igmm.) 


! 


2"xl6U.S.S 


Taper /M.   § 


2**18 
16 


V.5S 

0.4375*--- 
(II.  1 1  mm.) 


qm, 


J39.5mmf^(42mm.) 


0.354 
(9mm) 


Timing-l^ver  plain-hole  diameter:   0.2185   In.    (5.55   mm.) 
Advance-lever  radius:  1.9680  in.   (50  mm.) 

Breaker-Contacts 
(Proposed  S.A.E.  Recommended  Practice  I 
At  the  October  1921  meeting  of  the  Electrical  Equip- 
ment Division  it  was  suggested  by  a  Division  member 
that  a  standard  for  breaker-contact  nuts  would  overcome 
the  necessity  for  service-stations  carrying  several  sizes 
of  wrenches  in  stock  to  fit  the  different  makes  of  breaker- 
contact  points. 

As  the  importance  of  attaining  such  standardization  in 


practice  was  appreciated,  information  was  obtained  from 
ignition-apparatus  manufacturers  as  to  their  currenl 
practice.  A  careful  analysis  of  the  information  obtained 
was  made  at  a  meeting  of  the  Division  in  April  which  in- 
dicated thai  onl\  the  distance  across  the  flats  of  the 
hexagon-head  and  the  size  and  pitch  of  the  thread  should 
be  standardized,  as  it  was  not  intended  to  provide  in  the 
standard  (or  complete  interchangeability  of  breaker- 
contacts  of  different  makes.    Therefore 

The  Electrical  Equipment  division  recommends  foi 
S.A.E.  Recommended  Practice  that  the  hexagon-head 
of  breaker-contacts  and  check-nuts  shall  be  'i  in,  across 

Hats  ami  that  the  threads  shall  be  No.  10-10  or  No.  8   10 

STARTING-MOTOR   FLANGE   MOUNTINGS 
(Proposed  Revision  of  S.A.E.  Standard) 

The  Electrical  Equipment  Division  recommended  at 
the  Standards  Committee  meeting  in  January  1922  that 
the  bolt-hole  diameters  for  the  Nos.  1  and  2  mountings 
tied  in  the  S.A.E.  Standard  for  Starting-Motor 
Flange  Mountings,  page  B19  of  the  S.A.E.  Handbook, 
be  changed  from  13  '32  to  7  16  in.  This  revision  was 
approved  and  adopted  by  the  Society  in  March. 

Several  negative  letter-ballots  were  cast  by  Society 
Members  against  this  change.  The  reasons  given  in  sup- 
port of  the  negative  votes  were  referred  to  and  carefully 
considered  by  the  Subdivision  on  Generator  and  Starting- 
Motor  Mountings. 

At  the  meeting  of  the  Electrical  Equipment  Division 
in  April  the  Subdivision  reported  that,  after  an  investi- 
gation of  the  reasons  for  making  the  change  in  the  stand- 
ard last  March,  it  felt  that  an  error  had  been  made  in 
adopting  the  7/16-in.  hole  diameter.     Therefore 

The  Electrical  Equipment  Division  recommends  that 
dimension  "C,"  the  diameter  of  the  bolt-holes  for  sizes 
Nos.  1  and  2  of  the  S.A.E.  Standard  for  Starting-Motor 
Flange  Mountings,  page  B19  of  the  S.A.E.  Handbook, 
be  changed  from  7/16  to  13/32  in. 

AGRICULTURAL  POWER  EQUIPMENT  DIVISION 
Division  Personnel 


John  Mainland,  Chairman 

C.  B.  Rose,  Vice-Chairman 

D.  L.  Arnold 

J.  B.  Bartholomew 
J.  H.  Davis 

C.  E.  Frudden 
A.  H.  Gilbert 
R.  O.  Hendrickson 
M.  B.  Morgan 
A.  W.  Scarratt 

O.  W.  Sjogren 
William  Turnbull 
L.  W.  Witry 
G.  A.  Young 
O.  W.  Young 


Advance-Rumely  Co. 

Moline  Plow  Co. 

International  Harvester  Co. 

Avery  Co. 

General  Motors  Research  Cor- 
poration 

Hart -Parr  Co. 

Rock  Island  Plow  Co. 

J.  I.  Case  Plow  Works  Co. 

( Cleveland  Tractor  Co. 

Minneapolis  Steel  &  Machin- 
ery Co. 

University  of  Nebraska 

Holt  Mfg.  Co. 

Waterloo  Gasoline  Engine  Co. 

Purdue  University 

Hyatt  Roller  Bearing  Co. 


Tractor  Drawbar  Adjustments 

(Proposed  Revision  of  S.A.E.  Standard) 

Since  the  adoption  of  the  last  revision  of  the  S.A.E. 
Standard  for  Tractor  Drawbar  Adjustments,  page  K40 
of  the  S.A.E.  Handbook,  O.  B.  Zimmerman  of  the  Inter- 
national Harvester  Co.,  who  has  been  serving  as  a  Sub- 
division, carried  out  further  tests  with  the  result  that  he 
recommended  some  slight  changes  in  the  present  stand- 
ard at  a  meeting  of  the  Agricultural  Power  Equipment 
Division  in  April.  Other  members  of  the  Division  re- 
ported that,  although  the  results  of  similar  tests  carried 
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out  by  them  did  not  exactly  agree  with  Mr.  Zimmerman's, 
they  were  within  the  limits  given  in  the  proposed  revi- 
sion.   Therefore 

The  Agricultural  Power  Equipment  Division  recom- 
mends that  the  present  S.A.E.  Standard  for  Tractor 
Drawbar  Adjustments,  page  K40  of  the  S.A.E.  Hand- 
book, be  revised  to  conform  with  the  limits  specified  in 
the  accompanying  table 


r 


--  -A  max > 

r"  ~CB:: 


■/)W/>/r>r»>s»>>r>f/, 

Furrow  Wall- 


*  15  for  Vertically  Fixed  Drawbars 
rl3%l8"for  Vertically  Adjustable  Drawbars 


'unmnn 

TRACTOR  DRAWBAR  ADJUSTMENTS 


PLOW 

TWO-BOTTOM 

THREE- 
BOTTOM 

FOUR- 
BOTTOM 

12-In. 

14-In. 

12-In. 

14-In. 

12-In. 

14-In. 

A 
Max. 

30 

30 

30 

32 

35 

40 

B 

Min. 

13 

15 

18 

20 

22 

24 

C 

Best 

Average 

17 

20 

22 

26 

27 

32 

A — Maximum  hitching  position  from  the  furrow  wall,  very 
often  necessary  when  the  tractor  operates  on  the  land 

B — Minimum  hitching  position  from  the  furrow  wall  when 
the  tractor  operates  in  the  furrow 

C — Best  average  hitching  position  from  the  furrow  wall 

ENGINE  DIVISION  REPORT 

Division  Personnel 


J.  B.  Fisher,  Chairman 
R.  J.  Broege,  Vice-Chairman 
P.  J.  Dasey 
S.  F.  Evelyn 

E.  J.  Hall 
H.  B.  Massey 
A.  F.  Milbrath 
Louis  Schwitzer 
M.J.  Steele 
William  Turnbull 


Waukesha  Motor  Co. 
Buda  Co. 

Midwest  Engine  Co. 
Continental    Motors    Corpora- 
tion 
Hall-Scott  Motor  Co. 
Holmes  Automobile  Co. 
Wisconsin  Motor  Mfg.  Co. 
Automotive  Parts  Co. 
Packard  Motor  Car  Co. 
Holt  Mfg.  Co. 

Crankcase  Drain-Plugs 

(Proposed  S.A.E.  Recommended  Practice) 
The  advisability  of  designing  engines  with  a  con- 
veniently located  oil-pan  drain  that  would  permit  drain- 
ing the  oil  from  the  crankcase  as  easily  as  it  is  poured 
into  it  was  brought  to  the  attention  of  the  Society  in  the 
fall  of  1921.  The  subject  was  referred  to  the  Engine 
Division  for  consideration. 

Information  was  obtained  from  engine  and  automo- 
bile builders  who  build  their  own  engines  as  to  their 
methods  of  draining  crankcases.  Suggestions  were  sub- 
mitted by  an  oil  company  that  had  conducted  an  inves- 
tigation of  the  subject  which  resulted  in  a  large  number 
of  suggestions  from  engineers. 

Data  obtained  as  to  the  size  of  the  oil-drain  hole  and 
the  location  and  means  of  operating  the  drain-plug  were 
analyzed  carefully  at  a  meeting  of  the  Engine  Division 
in  April.     It  was  not  considered  feasible  to  standardize 


upon  a  definite  means  of  operating  the  drain-plug  or  the 
design  of  the  oil  drain.  The  following  recommendation 
was  considered,  however,  to  be  in  accord  with  good  engi- 
neering practice.    Therefore 

The  Engine  Division  recommends  for  S.A.E.  Recom- 
mended Practice  that  crankcase  drain-plugs  shall  have 
a  minimum  opening  of  %  in.,  be  located  at  the  lowest 
point  of  the  oil-pan  and  be  operable  from  under  the 
engine  hood 

Flywheel  Housings 
(Proposed  Revision  of  S.A.E.  Standard) 
The  present  S.A.E.  Standard  for  Flywheel  Housings, 
page  Al  of  the  S.A.E.  Handbook,  was  revised  in  July 
1921  to  specify  that 

The  minimum  diameter  of  the  clearance  space  for 
crankshaft  flywheel  bolts  shall  be  %Y$  in.  and  the 
minimum  depth  %  in. 

At  the  September  1921  meeting  of  the  Division  this 
revision  was  discussed  and  the  point  brought  out  that  the 
clearance  space  allowed  would  not  be  satisfactory  for  two- 
bearing  engines  having  a  large  crankshaft   flange.     It 
was  thought  that  the  present  clearances  would  not  per- 
mit the  use  of  J/2-in.  U.  S.  Standard  bolts  and  nuts  or 
S.A.E.  Standard  bolts  and  nuts  with  cotter-pins.     Fur- 
thermore, it  was  considered  that  a  larger  clearance  space 
should  be  recommended  to  allow  for  possible  wear  in  the 
clutch.    The  revision  indicated  was  favorably  considered 
at  the  meeting  of  the  Division  in  April  1922.    Therefore 
The   Engine   Division   recommends   that  the   present 
S.A.E.   Standard  for   Flywheel   Housings,  page  Al   of 
the  S.A.E.   Handbook,  be  revised  to  specify  that  the 
clearance    space    for    crankshaft    flywheel    bolts    shall 
be  6%-in.  minimum  diameter  and  %-in.  minimum  depth 

Motorcycle  Carbureter  Flanges 
(Proposed  S.A.E,.  Recommended  Practice') 
The  possibility  of  standardizing  motorcycle  carbureter 
flanges  was  suggested  by  the  Motorcycle  Division  in  1920. 
It  was  thought  that,  although  practice  varied  to  a  large 
extent,  a  standard  could  be  established,  and  the  subject 
was  referred  to  the  Engine  Division.     A  subdivision  was 
appointed   that  conducted  a  rather  extensive  investiga- 
tion among  the  carbureter  and  motorcycle  manufacturers. 
The  members  of  the  Subdivision  were: 
R.  J.  Broege,  Chairman  Buda  Co. 

E.  H.  Shepard  Stromberg  Motor  Devices  Co. 
V.  I.  Shobe                                      Zenith  Carbureter  Co. 

W.  G.  Clark  Wilcox-Bennett  Carbureter  Co. 

C.  B.  Franklin 
Hendee  Mfg.  Co. 

A  report  was  formulated  which  met  with  the  general 
approval  of  the  carbureter  and  motorcycle  manufacturers, 
and  was  reviewed  and  approved  at  the  April  meeting  of 
the  Division.    Therefore 

The  Engine  Division  recommends  that  the  dimen- 
sions specified  in  the  accompanying  tables  for  Motor- 
cycle Carbureter  Flanges  be  added  to  the  present 
S.A.E.  Recommended  Practice  for  Carbureter  Flanges, 
page  A8  of  the  S.A.E.  Handbook 

The  proposed  two-bolt  type  flanges  for  motorcycle  car- 
bureters conform  with  the  present  standard  two-bolt  type 
flanges.  The  three-bolt  flanges  have  been  proportioned 
so  that  all  nominal  carbureter  sizes  of  this  type  can  be 
made  from  but  two  castings. 

IRON  AND  STEEL  DIVISION  REPORT 
Division  Personnel 

F.  P.  Gilligan,  Chairman  Henry     Souther     Engineering 

Corporation 
W.  C.  Peterson,  Vice-Cfcatr?n-attElectric  Alloy  Steel  Co. 
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Bethlehem  Steel  Co. 

C.  H.  Wills  &  Co. 

Consulting  Metallurgist 

Cadillac   Motor  Car  Co. 

Studebaker  Corporation  of 
America 

Carpenter  Steel  Co. 

International  Haivester  Co. 

Crucible  Steel  Co.  of  America 

Willys-Overland  Co. 

General  Motors  Corporation 

Illinois  Steel  Co. 

Air  Service 

Ordnance  Department 

Midvale  Steel  &  Ordnance  Co. 

Minneapolis  Steel  &  Machin- 
ery Co. 

Wyman-Gordon  Co. 

Vanadium  Corporation  of 
America 

R.  D.  Nuttall  Co. 

Consulting  Metallurgist 

Detroit  Steel  Products  Co. 


C.  F.  W.  Rys 
R.  B.  Schenck 
M.  H.  Schmid 
H.  J.  Stagg 
•I.  M.  Watson 
J.  H.G.Williams 


Carengie  Steel  Co. 

Buick  Motor  Co. 

United  Alloy  Steel  Corporation 

Halcomb  Steel  Co. 

Hupp  Motor  Car  Corporation 

Billings  &  Spencer 


Leaf-Spring  Steel 


(Proposed  S.A.E.  Recommended  Practice) 

In  1921  the  leaf-spring  manufacturers,  acting  through 
the  Motor  &  Accessory  Manufacturers  Association,  sub- 
mitted for  approval  by  the  Society  a  proposed  specifica- 
tion for  rolling  tolerances  for  automobile  leaf-spring 
steel.  The  specification  had  been  prepared  and  approved 
by  steel  and  leaf-spring  manufacturers  in  view  of  the 
need  for  uniformity  in  rolling  leaf -springs. 

The  subject  was  assigned  to  the  Iron  and  Steel  Division 
and  considered  at  a  meeting  in  January  1922.  The  pro- 
posed specification  was  then  circulated,  with  favorable 
results,  among  steel  mills,  automobile  and  spring  manu- 
facturers,   and   also    referred   to   the   Springs   Division, 
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which  approved  it.     It  was  published  in  the  April  issue 
of  The  Journal. 

Copies  of  all  comments  received  as  a  result  of  this 
publicity  were  referred  to  the  members  of  the  Iron  and 
Steel  Division,  who  have  indicated  by  letter  ballot  their 
approval  of  the  recommendation  as  originally  submitted 
to  the  Society.    Therefore 

The  Iron  and  Steel  Division  recommends  the  adop- 
tion of  the  accompanying  specification  for  leaf-spring 
steel  tolerances  as  S.A.E.  Recommended  Practice 

ROLLING  TOLERANCES  FOR  CONCAVE  AUTOMOBILE 
SPRING   STEEL 

The  finished  bars  shall  be  of  double-concave  section 
with  round  edges.  The  radii  of  the  arcs  of  the  two 
concave  surfaces  shall  be  of  equal  length 

Rolls  to  produce  the  round  edges  shall  be  turned  to  a 
radius  equal  to  two-thirds  the  thickness  of  the  bar 

All  bars  ordered  to  gage  shall  be  rolled  to  the  Bir- 
mingham wire  gage 

All  bars  must  meet  the  width  and  thickness  toler- 
ances specified  in  the  following  table 

WIDTH   AND  THICKNESS  TOLERANCES 


Width  of  Flat,  in. 
To,  Inclu- 
Over  sive 

0  2% 

2%  3 

3  5 


Width,  in. 
Plus       Minus 
1/32  0 

:;  i;i  o 

1/16  0 


Thickness,1  in. 

Plus  Minus 
0.005  0.005 

0.006  0.006 

0.007  0.007 


1  Thickness  measurement  to  be  taken  at  edge  of  bar  where  con- 
surface  intersects  round  edge. 

The  difference  in  thickness  between  the  two  edges 
of  each  bar  shall  not  be  greater  than  those  given  in 
the  following  table 

DIFFERENCES    IN   THICKNESS 

Width  of  Flat,  in. 

To,  Inclu-  Difference  in 

Over         sive  Thickness,  in. 
0               2  0.002 

2  3  0.003 

3  5  0.004 

Spring-steel  bars  shall  not  have  more  than  1-in. 
curvature  in  20  ft.,  or  Hi  in.  in  25  ft.,  or  1M>  in.  in 
30  ft. 

The  concavity,  or  difference  between  the  thickness 
at  the  edges  and  at  the  center  of  the  bar,  shall  be  as 
specified  in  the  following  table 


ALLOWABLE   VARIATIONS   IN    CONCAVITY 


Width,  in. 
1', 
1% 

2 

2% 

2% 

3 

3% 

4 

5 


Nominal 

Concavity, 

in. 

0.007 

0.008 

0.010 

0.011 

0.013 

0.016 

0.018 

0.021 

0.029 


Maximum 

Concavity, 

in. 

0.009 

0.010 

0.012 

0.013 

0.015 

0.018 

0.020 

0.023 

0.031 


Minimum 

Concavity, 

in. 

0.004 

o.i  in;, 

0.006 

0.007 

0.009 

0.012 

0.013 

0.016 

0.023 


Steel  Spring-Wire 

(Proposed  S.A.E.  Standard) 
At  the  time  of  the  Society  letter-ballot  on  the  adoption 
of  standards  approved  at  the  Standards  Committee  Meet- 
ing in  January  1922,  an  objection  was  made  that  the 
chemical  specification  for  carbon  steel  did  not  provide 
proper  compositions  for  drawn  spring-wire.     This  objec- 


tion was  considered  at  a  meeting  of  the  Division  in  Feb- 
ruary 1922.  Although  the  specifications  formulated  by 
the  Iron  and  Steel  Division  so  far  have  included  prima- 
rily steel  compositions  for  forging  purposes  only,  it  was 
felt  that  chemical  compositions  might  well  be  adopted  for 
spring  steel-wire.  A  representative  Subdivision  was  ap- 
pointed, the  members  of  which  were : 


L.  A.  Danse,  Chairman 
W.  C.  Peterson 
E.  W.  Stewart 
F.C.Elder 
H.  S.  Durant 


Cadillac  Motor  Car  Co. 
Atlas  Crucible  Steel  Co. 
William  B.  Gibson  Co. 
American  Steel  &  Wire  Co. 
American  Steel  &  Wire  Co. 


The  Subdivision  held  a  meeting  on  April  10  at  which 
a  recommendation  was  approved,  and  this  was  submitted 
to  and  approved  by  the  Division.  Copies  of  the  recom- 
mendation were  sent  to  automobile  and  spring  manufac- 
turers for  comment,  the  result  being  favorable  in  gen- 
eral. Some  suggestions  were  received  to  the  effect  that 
suitable  specifications  should  be  adopted  for  poppet-valve 
spring-wire  made  of  other  than  carbon  steels,  such  as 
chrome-vanadium,  which  would  withstand  fatigue  in 
high-duty  service.  These  suggestions  have  been  referred 
to  the  Iron  and  Steel  Division.    Therefore 

The  Division  recommends  that  the  chemical  compo- 
sitions given  in  the  accompanying  table  be  adopted  as 
S.A.E.  Standard  for  round,  cold-drawn  wire  up  to 
3/16-in.  diameter,  except  for  some  types  of  springs 
used  in  clutches,  which  are  hot-rolled 

STEEL  WIRE  FOR    HELICAL   SPRINGS 


S.A.E. 
Steel 
No. 

Wire  Diameters, 
In.' 

Carbon 

i i 7 

Manga-    Phosphorus     Sulphur 
nese             Max.             Max. 

Silicon 
Max. 

1350 

1360 

0.025  to  0.100 
0. 100  and  larger 

0.45-0.55 

(l   :..-,  n   7li 

0.90-1.20        0.04 
0.90-1.20        0.04 

0.05 
0.05 

0.30 
0.30 

J  Approximately. 


LIGHTING  DIVISION  REPORT 

Division  Personnel 


W.  A.  McKay,  Chairman 

C.  A.  Michel,  Vice-Chairman 

J.  T.  Caldwell 

C.  E.  Godley 

C.  A.  B.  Halvorson,  Jr. 

L.  C.  Porter 

E.  S.  Preston 

C.  D.  Ryder 

C.  H.  Sharp 

J.  C.  Stearns 
T.  I.  Walker 
E.  E.  Wood 

Ernest  Wooler 


Westinghouse  Lamp  Co. 

Guide  Motor  Lamp  Mfg.  Co. 

National  Lamp  Works 

Edmunds  &  Jones  Corporation 

General  Electric  Co. 

Edison  Lamp  Works 

Chicago  Electric  Mfg.  Co. 

Corcoran-Victor  Co. 

Electrical  Testing  Laborato- 
ries 

Culver-Stearns  Mfg.  Co. 

Providence  Base  Works 

Miniature  Incandescent  Lamp 
Corporation 

Cleveland  Automobile  Co. 


Head-Lamps 

(Proposed  Revision  of  S.A.E.  Recommended  Practice) 
The  present  S.A.E.  Recommended  Practice  on  page  Bl 
of  the  S.A.E.  Handbook  is  not  considered  to  be  entirely 
clear  in  the  paragraph  under  the  sub-heading  "Mount- 
ing." It  is  also  felt  by  the  Division  that  specific  men- 
tion should  be  made  in  this  specification  of  adjustable 
types  of  mounting  bracket  on  radiator  shells,  tie-rods 
and  the  like.    Therefore 

The  Lighting  Division  recommends  that  the  present 
S.A.E.  Recommended  Practice  for  Head-lamps,  page 
Bl  of  the  S.A.E.  Handbook,  be  revised  as  indicated 
below 

( 1 )    Change  the  second  sentence  in  the  paragraph 
under    the    subheading    "Mounting,"    which 
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ii. .u  reads.  "Means  for  adjusting  the  head- 
lamps shall  be  provided  bo  as  to  permit  a 
change  in  the  vertical  as  well  as  in  the  he 
zontal  angle  of  the  head-lamps,  •  *  *"  to 
d  "Fur  adjustable  types  of  head-lamp 
mountings  means  shall  be  provided,  *  *  *" 
i -i  Under  the  sub-heading  "Brackets"  insert  the 
following:  "Adjuetablt  I  tp<  The  adjust- 
able type  of  mounting-bracket  for  head- 
lamps mounted  on   fenders,   cadiator  shells, 

frame-pillars,  tic-roils  and  similar  construc- 
tions, as  shown  on  page  Bla  of  the  S.A.E. 
Handbook,  is  recommended" 

Electric  Incandescent  Lamps 

i/' ted  /.'•     ../.>.    of  SA.h'.  Standard) 

At  the  meeting  of  the  Lighting  Division  held  on  May  3 
information  was  received  indicating  that  the  G10,  G12 
and  (IU'i'j  sizes  of  focusing  type  electric  incandescent 
lamp  have  practically  been  discontinued  in  use.  It  was 
the  opinion  that  the  present  S.A.E.  Standard  on  page  B3 
of  the  S.A.E.  HANDBOOK  should  be  revised  by  cancelling 
these  lamp  sizes.    Therefore 

The    Lighting    Division    recommends    that    the    G10, 

<I12    and    G16%     lamps    be    omitted     from    the    S.A  E 
Standard    for    Electric    Incandescent    Lamps,    page    B3 

of  the  S.A.E.  Handbook 

Elkctric  Incandescent  Lamp  Voltage 
[Proposed  Revision  of  S.A.E.  Standard) 

In  connection  with  the  present  S.A.E.  Standard  on 
page  Blc  of  the  S.A.E.  Handbook,  which  specifies  four 
voltage-ranges,  namely  6  to  8,  8  to  10,  12  to  16,  and 
18  to  24,  for  automotive  starting  and  lighting  equipment, 
it  is  understood  that  8  to  10  and  18  to  24-volt  lighting 
equipment  has  been  discontinued  by  the  manufacturers 
and  that  all  substantially  standard  equipment  is  now 
being  made  for  6  to  8  and  12  to  16  voltage-ranges.  There- 
fore 

The   Lighting  Division   recommends  that  the  present 
E.  Standard  for  Electric  Incandescent  Lamp  Volt- 
ages be  revised  by  omitting  the  8  to  10  and  the  18  to  24 
voltage-ranges  and  the  reference  to  four  and  nine  bat- 
tery-cell arrangements 

Motorboat  Lighting  Voltages 
(Proposed  S.A.E'.  Recon  Practice) 

At  the  meeting  of  the  Motorboat  Division  held  in  New 
York  City  Oil  April  10  it  was  suggested  that  standard 
voltages  be  adopted  for  lighting  equipment  on  motor- 
boats,  inasmuch  as  there  is  no  well-defined  practice  in 
this  connection. 

The  discussion  indicated  that  two  systems  are  used  for 
lighting  motorboats;  (a)  combined  starting  and  lighting 
apparatus  and  (6)  separate  lighting  units.  It  was  felt 
that  12  volts  would  be  most  suitable  for  the  combined 
terns,  to  make  standard  automobile  types  of  starting 
and  lighting  apparatus  available,  the  6-volt  system  being 
too  low  in  voltage  for  the  usual  comparatively  long  light- 
ing circuits. 

It  was  pointed  out  that  the  usual  practice  for  lighting 
the  larger  motorboats  is  to  install  separate  lighting 
equipment,  and  that  the  best  voltages  are  already  stand- 
ard for  isolated  electric-lighting  plants  and  the  many 
electric  lamps,  fittings  and  fixtures  operated  with  them. 

The  subject  was  referred  to  the  Motorboat  Lighting 

Equipment  Subdivision  of  the  Lighting  Division,  which 

reported  to  the  Lighting  Division  on  May  3.    The  report 

covered  a  nominal  6-volt  combined  starting  and  lighting 

•m  for  use  in  the  smaller  types  of  motorboat,  where 


the  length  of  the  circuits  is  relatively  short.  The  64-volt 
system  was  excluded  as  its  use  is  decreasing,  especialU 
in  railroad-car  lighting  systems  where  it  is  used  most 
gen. Tally.  Sixty-four-voll  lamps  and  other  types  of  fix- 
ture also  are  being  discontinued.     Therefore 

The  Lighting  Division  recommends  that  the  accom- 
panying report  submitted  by  the  Subdivision  be  adopted 
as  s.A.l-:.  Recommended  Practice. 

(1)  For  motorboats  and  small  cruisers  having 
combined  starting  and  lighting  equipment,  it 
is  recommended  that  nominal  (j-volt  (t>  to  8 
volts)  or  nominal  12-volt  (12  to  1G  volts) 
systems  be  used 

(2)  For  larger  cruisers  having  separate  lighting 
equipment,  it  is  recommended  that  the  32  or 
110-volt  system  be  used 

NON-FERROUS  METALS  DIVISION  REPORT 
Division  Personnel 
Charles  Pack,  Chairman  Doehler  Die-Casting  Co. 

\V.  B.  Price,  Via  -Chairman       Scovill  Mfg.  Co. 
W.  H.  Bassett  American   Brass  Co. 

A.  G.  Carman  Franklin    Die-Casting    Corpo- 

ration 

D.  L.  Colwell  Stewart  Mfg.  Co. 
<;.  K.  Elliott  Lunkenheimer  Co. 

J.  R.  Freeman.  Jr.  .  Bureau  of  Standards 

E.  S.  Fretz  Light  Mfg.  &  Foundry  Co. 
A.  J.  Hall                                        General  Motors  Corporation 
Zay  Jeffries                                    Aluminum  Manufacturers,  Inc. 
H.  C.  Mougey                                 General  Motors  Research  Cor- 
poration 

G.  C.  Rauhauser  Denby  Motor  Truck  Co. 

J.  F.  Thompson  International  Nickel  Co. 

Samuel  Tour  Doehler  Die-Casting  Co. 

W.  R.  Webster  Bridgeport  Brass  Co. 

Aluminum  Alloys 
(Proposed  S.A.E.  Standard) 
In  1921  the  Society  received  a  request  that  a  specifi- 
cation be  formulated  for  an  aluminum  alloy  with  a  cop- 
per-content of  about  10  per  cent,  commonly  used  for 
pistons.  This  request  was  referred  to  Zay  Jeffries,  of 
the  Aluminum  Manufactures,  Inc.,  who  is  chairman  of 
the  Subdivision  on  Aluminum  Alloys.  The  members  of 
the  Subdivision  are 

Zay  Jeffries,  Chairman  Aluminum  Manufactures,   Inc. 

E.  Blough  Aluminum  Manufactures,  Inc. 

E.  S.  Fretz  Light   Mfg.  &  Foundry  Co. 

At  the  May  1922  meeting  of  the  Division,  the  Subdi- 
vision submitted  a  specification  which  was  approved  by 
the  Division.     Therefore 

The  Non-Ferrous  Metals  Division  recommends  that 
Specification  No.  34  be  adopted  as  S.A.E.  Standard 

Specification  No.  34,  Aluminum  Alloys 
Composition   in   percentage: 

Aluminum,  min.  87.00 

Copper  9.25  to  10.75 

Iron  0.90  to    1.50 

Magnesium  0.15  to    0.35 

All  other  elements,  not  over                                0.75 

General  Information. — Test-bars  cast  in  a  chill  mold  show 
a  tensile-strength  of  24,000  to  30,000  lb.  per  sq.  in.  and  the 
elongation  in  2  in.  is  usually  less  than  1  per  cent.  The  spe- 
cific gravity  should  not  exceed  2.95.  The  Brinell  hardness 
number,  using  a  500  or  1000-kg.  load  with  a  ball  10  mm.  in 
diameter,  should  be  not  less  than  85  and  should  average 
about  105. 

This  alloy  cast  in  permanent  molds  is  used  principally  for 
pistons,  camshaft  bearings,  valve  tappet  guides  and  other 
parts  where  high  hardness  and  good  bearing  qualities  are 
essential. 
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Wrought  Non-Ferrous  Alloys 

(Proposed  S.A.E.  Standard) 
Since  the  last  Non-Ferrous  Metals  Division  report  was 
approved  by  the  Society,  the  Subdivision  on  Wrought 
Non-Ferrous  Alloys  has  formulated  additional  specifica- 
tions for  wrought  alloys  used  extensively  in  the  automo- 
tive industry.     The  members  of  this  Subdivision  are 


Scovill  Mfg.  Co. 
General  Motors  Research  Cor- 
poration 
American  Brass  Co. 
Bridgeport  Brass  Co. 


W.  B.  Price,  Chairman 
H.  C.  Mougey 

W.  H.  Bassett 
William  R.  Webster 

Three  specifications  were  prepared  and  submitted  by 
the  Subdivision,  (a)  Phosphor-Bronze  Strips  for  Flat 
Springs,  (6)  Brass  Wire  for  Brazing  and  (c)  Soft  or 
Annealed  Copper  Wire.  The  Non-Ferrous  Metals  Divi- 
sion at  its  meeting  on  May  1  approved  these  specifica- 
tions. 

At  the  meeting  of  the  Division  on  May  1  the  Subdivi- 
sion on  Aluminum  Alloys  submitted  a  specification  for 
aluminum  sheet,  closely  conforming  to  Specification  No. 
B-25-19T,  of  the  American  Society  for  Testing  Materials, 
for  adoption  as  S.A.E.  Specification  No.  78.  This  speci- 
fication was  approved  by  the  Division.     Therefore 

The  Non-Ferrous  Metals  Division  recommends  that 
Specifications  Nos.  77,  78,  82  and  83  be  adopted  as 
S.A.E.  Standard 

Specification   No.   77,  Phosphor  Bronze   Strip  for  Flat 

Springs 

This  specification  covers  bronze  strips  up  to  0.080  in.  gage 
for  flat  springs  and  includes  a  variety  of  tempers  in  two 
alloys,  from  which  a  suitable  quality  can  be  chosen  for  any 
ordinary   purpose. 

Composition  in  percentage: 


Tin 

Phosphorus 
Zinc,  max. 
Iron,  max. 
Lead,   max. 
Copper 

Temper  Designation. — The  ten 
shall   be   designated   as   follows: 

Temper 
Half  Hard 
Hard 

Extra  Hard 
Spring 


Grade  A 

Grade  B 

4.00  to  6.00 

7.00  to  9.00 

0.03  to  0.40 

0.03  to  0.20 

0.20 

0.20 

0.10 

0.10 

0.10 

0.10 

Remainder 

Remainder 

iper  of  strip  phosphor  broi 

Reduction, 

B.  &  S.,   Nos. 

2 

4 

6 

3 

Physical  Properties.- — The  average  tension  test  of  two  sam- 
ples of  sheet  thinner  than  0.080  in.  should  conform  to  the 
minimum  requirements  specified  in  the  accompanying  table. 

In  very  thin  strips,  on  account  of  difficulties  in  testing,  the 
elongation   may  be  considerably  less  than   the  values  given. 

MINIMUM    PHYSICAL    PROPERTIES 


GRADE  A 

GRADE  B 

Temper 

Minimum 
Tensile- 
Strength, 
Lb.  Per 
Sq.  In. 

Minimum 

Elongation 

in  2  In., 

Per  Cent 

Minimum 
Tensile- 
Strength. 
Lb.  Per 
Sq.  In. 

Minimum 

Elongation 

in  2  Ln., 

Per  Cent 

Half  Hard 

55,000 
75,000 
85,000 
90,000 

15.0 
5.0 
2.0 
1.0 

65,000 

85.000 

100,000 

20.0 

Hard 

Extra  Hard 

Spring 

7.5 
1.0 

Dimensional  Tolerances. — The  width  of  the  strip  shall  not 
vary  more  than  0.01  in.  from  the  size  specified  in  the  order. 

General  Information. — These  should  be  considered  as  gen- 
eral specifications.  Phosphor  bronze  strip  is  used  for  vari- 
ous kinds  of  springs  where  the  manufacturing  requirements 
and  the  uses  to  which  the  springs  are  put  are  too  particular 
to  be  specified  by  ordinary  physical  tests.  It  is  advisable  to 
submit  samples  or  drawings  to  the  manufacture  and  secure 
an  adjustment  of  temper  to  suit  the  manufacturing  and  serv- 
ice requirements  of  the  article. 

Flat  springs  formed  with  easy  bends  across  the  grain  are 
usually  made  of  the  Grade  A  alloy,  "Spring"  temper. 

Flat  springs  with  easy  bends  either  across  or  with  the 
grain  are  usually  made  of  the  Grade  B  alloy,  "Extra  Hard" 
temper. 

Clips  or  contact  springs  with  most  difficult  bends  are 
usually  made  of  the  Grade  B  alloy,  "Hard"  temper. 

Specification  No.  78,  Aluminum  Sheet  and  Strip 


Composition  in   percentage: 
Aluminum,  min. 


99.00 


Physical  Properties. — Aluminum  sheet  and  strip  are  fur- 
nished in  several  tempers  or  degrees  of  hardness.  The  me- 
chanical properties  of  aluminum  sheet  or  strip  conforming  to 
Tempers,  No.  1,  Soft  Annealed;  No.  2,  Half-Hard,  and  No. 
3,  Hard,  are  given  in  Table  1. 

The  tension  test-specimen  is  taken  parallel  to  the  direction 
of  cold-rolling.  Sheet  or  strip  of  Temper  No.  1  should  with- 
stand being  bent  double  in  any  direction  and  hammered  flat. 
Sheet  or  strip  of  Temper  No.  2  should  withstand  being  bent 
around  a  pin  of  radius  equal  to  the  thickness  of  the  sheet, 


THICKNESS   TOLERANCES 


Thickness 

Width,  In. 

B.  &  S.  Gage  No. 

Decimal 

Up  to  5 
Incl. 

Over  5 

to  8 

( )ver  8 
to  11 

Over  11 

to  14 

From 

To,  Incl. 

From 

To,  Incl. 

Incl. 

Incl. 

Incl. 

0000 

0 

0.4600 

0.3248 

0.0044 

0  0048 

0.0051 

0.0055 

0 

4 

0.3248 

0.2043 

0.0039 

0.0043 

0.0046 

0.0050 

4 

8 

0.204:; 

0.1 2S4 

0.0034 

0.003S 

0.0041 

0.0045 

8 

14 

0.1284 

0.0640 

0.0029 

0.0033 

0.0036 

0.0040 

14 

18 

0.0640 

0.0403 

0.0025 

0.0029 

0.0033 

0.0037 

18 

24 

0.0403 

0.0201 

0.0020 

0.0024 

0.002S 

0.0032 

24 

28 

0.0201 

0.0126 

0.0016 

0.0020 

0.0024 

0.0028 

28 

32 

0.0126 

0.0079 

0.0013 

0.0017 

0.0020 

0.0024 

32 

35 

0.0079 

0.0056 

0.0010 

0.0014 

0.0017 

0.0022 

35 

38 

0.0056 

0.0039 

0.0008 

0.0012 

0.0015 

0.0019 

All  tolerances  plus  or  minus. 
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mill    1       MECHANICAL  PROPERTIES  FOR  TEMPERS  NO.  1    K)  3 


Te.ll- 

U  a  B 

Thickness,  In 

M  nimum 
I  ensile- 

Strength, 
Lb   Pel 
Sq    In. 

Minimum 
Elonga- 

|HT 

From 

To,  Incl 

Prom 

To,  Inrl 

t  Kill    III 

Per  <  int 

1 

12 

17 

ii. 
22 
26 

ii  0808 
0  0508 
0  0226 

ii  0509 
ii  0227 
ii  0159 

[2,500 
12,500 
12  500 

30 
20 

in 

2 

12 

17 

16 
22 
26 

err 

sob 
fa  5  5 

-.  /  / 

ii  0509 
ii  0227 
ii  0159 

Is. 000 
Is  (KM) 
is  IMHI 

7 
5 
5 

3 

12 

17 

16 
22 
26 

0.0SIIS 

0.0508 
0.0226 

0.0509 
(i  0227 
ii  0159 

22,000 

25  IKHI 

30,000 

1 

2 
2 

without  cracking.  Sheet  01  strip  of  Temper  No.  3  will  not 
endure  any  considerable  bending  without  cracking. 

The  usual  variations  in  the  thickness  of  sheet  or  strip  are 
shown  in  Table  2. 

General  Information. — The  specific  gravity  is  about  2.70. 
Young's  modulus  of  elasticity  is  about  10,000,000  lb.  per  sq.  in. 

Aluminum  sheet  and  strip  are  used  for  many  purposes 
where  the  requirements,  either  because  of  the  service  or  the 
forming  operations,  are  too  specific  to  be  covered  in  any 
general  specification.  It  is  usually  advisable,  therefore,  to 
submit  samples  or  drawings  to  the  manufacturer  to  assist 
in  the  selection  of  the  proper  anneal  or  temper  to  suit  the 
service  or  forming  operations. 

Aluminum  sheet  or  strip  is  used  for  automobile  bodies, 
hoods  (special  fiat  sheet),  fenders,  housing  covers,  floor 
covering,  molding,  instrument  parts,  instrument  boards,  hub- 
caps, wire  wheel  discs,  brake-drum  covers,  miscellaneous 
pressed  parts  and   for   many  parts  in  aircraft  construction. 

TABU    -'       PERMISSIBLE  VARIATIONS 


B.  A  S.  Gage  No. 

Thickness,  In. 

Permissible 

1  rom 

To,  Incl. 

Prom 

To.  Incl. 

Variations, 

In 

10 
18 

17 

ii  1019 
ii  0403 

(I  0404 
n  0159 

0.003 
0  002 

Specification  No.  82,  Brass  Wire  for  Brazing 
Composition  in  percentage: 

Copper  59.00  to  62.00 

Lead,   max.  0.30 

Iron,  max.  0.06 

Aluminum  None 

Zinc  Remainder 

This  wire  should  be  finished  soft  annealed.  The  surface 
should  be  clean  and  free  from  scale  or  other  foreign  ma- 
terials. 

Gem  nil  Information. — Wire  in  accordance  with  this  speci- 
fication is  suitable  for  torch  welding. 

Specification  No.  83,  Soft  or  Annealed  Copper  Wire 

Comjtosition. — The  copper  shall  be  of  such  quality  and 
purity  that,  when  drawn  and  annealed,  it  shall  have  the  prop- 
and  characteristics  herein   required. 

Shape*. — These  specifications  cover  untinned  drawn  and 
annealed    round    wire. 

Finish. — The  wire  must  be  free  from  all  imperfections 
not  consistent  with  the  best  commercial  practice. 

Necessary  brazes  in  soft  or.  annealed  wire  must  be  made 
in  accordance  with  the  best  commercial  practice. 


Specific  Gravity. — For  the  purpose  of  calculating  weights, 
i  i  ess  sections,  and  other  purposes,  the  specific  gravity  of 
copper  sh;ill  lx-  taken  ;is  N.sn  at  20  deg.  cent.  (68  deg.  fahr.). 

Dimensions  and  Permissible  Variations. — The  size  shall  be 
expressed  as  the  diameter  of  the  wire  in  decimal  fractions 
of  an   inch. 

Wire  shall  conform  to  the  following  permissible  variations 
in  nominal  diameter: 

MECHANICAL  REQUIREMENTS  FOR  SOFT  COPPER  WIRE 


1  ii.iineier  or  Thickness,  In. 

Tensile- 
Strength, 
Lb.  PerSq.  In 

Elongation 

Over 

To,  Incl. 

in  111  In.. 

Per  imt 

(1   460 

(i  289 
0  102 

(l  020 

0.290 
(i  103 

0  021 
(i  003 

36,000 
37,000 
38,500 
40,000 

30 
26 
20 

Wire  0.010  in.  diameter  and  larger,  1  per  cent  over 
or  under 

Wire  less  than  0.010  in.  diameter,  0.1  mil  (0.0001  in.) 
over  or  under 

Mechanical  Requirements. — Wire  shall  be  so  drawn  and 
annealed  that  its  tensile  strength  and  elongation  shall  not  be 
greater  nor  less  respectively  than  the  values  specified  in  the 
accompanying  table.  For  wire  whose  nominal  diameter  is 
between  the  given  sizes,  the  requirements  shall  be  those  of 
the  next  larger  size  included  in  the  table. 

Copper  wire  is  usually  purchased  in  B.  &   S.  Gage. 

Electrical  Resistivity. — Electrical  resistivity  shall  be  deter- 
mined upon  fair  samples  by  resistance  measurements  at  a 
temperature  of  20  deg.  cent.  (68  deg.  fahr.),  and  it  shall  not 
exceed  891.58  lb.  per  mile-ohm. 

Gerieral  Information. — As  soft  or  annealed  copper  wire  is 
so  soft  and  ductile  that  it  is  easily  marred  by  careless  hand- 
ling in  the  operation  of  winding  or  cabling,  all  testing  and 
inspection  must  be  done  at  the  manufacturer's  plant. 

While  international  agreement  upon  the  value  0.15328 
ohms  per  meter-gram  at  20  deg.  cent.  (68  deg.  fahr.)  for 
the  resistivity  of  copper  equal  to  100  per  cent  conductivity 
was  reached  by  the  International  Electro-Technical  Commis- 
sion in  1913,  it  has  been  deemed  preferable  to  express  the  re- 
quirements in  standard  specifications  in  the  terms  of  quan- 
tities directly  measurable,  rather  than  by  reference  to  some 
quantity  whose  standard  value  is  the  subject  of  agreement 
only.  The  use  of  the  arbitrary  term  "conductivity"  has  no 
more  warrant  than  the  employment  of  arbitrary  gage  num- 
bers. Therefore,  in  these  specifications  the  requirements  are 
stated  as  the  maximum  rejection  limits  to  the  resistivity. 

For  the  convenience  of  those  who  are  accustomed  to  ex- 
press resistivity  in  any  one  of  the  several  more  or  less  com- 
mon units,  the  following  equivalents  have  been  prepared  for 
the  resistivity  of  copper  at  20  deg.  cent.  (68  deg.  fahr). 
891.58  lb.  per  mile-ohm  is  equal  to  0.15614  ohms  per  meter- 
gram,  1.7564  microhms  per  centimeter-cube,  0.69150  microhms 
per  inch-cube  or  10.565  ohms  per  mil-foot. 

White  Bearing  Metals 

(Proposed  Extension  of  S.A.E.  Standard) 

At  the  meeting  of  the  Non-Ferrous  Metals  Division  on 
May  1  it  was  decided  that  the  limits  for  the  chemical 
compositions  for  the  babbitt  specifications,  page  D103  of 
the  S.A.E.  Handbook,  should  be  closer  for  babbitt  pur- 
chased in  ingot  form  than  for  babbitt  in  castings;  allow- 
ance being  made  for  variations  in  composition  due  to 
tasting.  The  present  standard  specifications  are  con- 
sidered satisfactory  for  casting  analyses.    Therefore 

The  Division  recommends  the  adoption  of  the  ex- 
tended specifications  for  White  Bearing  Metals  Nos. 
11,   12,  13  and   14 
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Specification  No.  10,  Babbitt 
When    finished    bronze-backed    bearings    are    purchased    a 
maximum  of  0.6  per  cent  lead  is  permissible  in  scraped  sam- 
ples provided  a  lead-tin  solder  has  been  used  in  bonding  the 
bronze  and  the  babbitt. 

General  Infomnation. — This  babbitt  is  very  fluid  and  may  be  used 
for  bronze-backed  bearings,  particularly  for  thin  linings  such  as  are 
used  in  aircraft  engines.     It  is  also  suitable  for  die  castings. 

Composition   in   percentage: 


No.  10 

Cast  Products 

No.  10A  Ingots 

Tin 

90  to  92 

90.75  to  91.25 

Copper 

4  to  5 

4.25  to    4.75 

Antimony 

4  to  5 

4.25  to    4.75 

Lead,  max. 

0.35 

0.35 

Iron,  max. 

0.08 

0.08 

Arsenic,  max. 

0.10 

0.10 

Bi.smuth,   max. 

0.08 

0.08 

Zinc  and  Aluminum 

None 

None 

No.  12A  Ingots 

10.25  to  10.75 

2.75  to    3.25 

24.75  to  25.25 


Specification  No.  11,  Babbitt 

Composition  in  percentage: 

No.  11 

Cast  Products  No.  11A  Ingots 

Tin  86.00  to  89.00  87.25  to  87.75 

Copper  5.00  to    6.50  5.50  to    6.00 

Antimony  6.00  to    7.50  6.50  to    7.00 

Gfc  neral  Information. — This  is  a  rather  hard  babbitt  which  may 
be  used  for  lining  connecting-rod  and  shaft  bearings  which  are  sub- 
jected to  heavy  pressures;  its  "wiping"  tendency  is  very  slight.  It 
is  also  suitable  for  die  castings. 

Specification  No.  12,  Babbitt 

Composition  in  percentage: 

No.  12 

Cast  Products 

Antimony  9.50  to  11.50 

Copper  2.25  to    3.75 

Lead  24.00  to  26.00 

General  Information. — This  is  a  relatively  cheap  babbitt  and  is 
intended  for  bearings  subjected  to  moderate  pressures.  It  is  also 
suitable  for  die  castings. 

Specification  No.  13,  Babbitt 

Composition  in   percentage: 

No.  13 

Cast  Products  No.  13A  Ingots 

Tin                                         9.25  to  10.75  9.75  to  10.25 

Antimony                           14.00  to  16.00  14.75  to  15.25 

Lead                                    74.00  to  76.00  74.75  to  75.25 

General  Information. — This  is  a  cheap  babbitt  and  serves  success- 
fully where  the  bearings  are  large  and  the  service  light.  It  should 
not  be  used  as  a  substitute  for  a  babbitt  with  a  high  tin  content. 
It  is  also  suitable  for  die  castings. 

Specification  No.  14,  Babbitt 

Composition   in   percentage: 

No.  14 

Cast  Products  No.  14A  Ingots 

Tin                                        9.25  to  10.75  9.75  to  10.25 

Antimony                             14.00  to  16.00  14.75  to  15.25 

Lead                                    74.00  to  76.00  74.75  to  75.25 

General  Information. — This  is  a  cheap  babbitt  and  serves  success- 
fully where  the  bearings  are  large  and  the  service  light.  It  should 
not  be  used  as  a  substitute  for  a  babbitt  with  a  high  tin  content. 
It  is  suitable  for  die  castings. 

STATIONARY-ENGINE  DIVISION  REPORT 


T.  C.  Menges,  Chairman 

L.  F.  Burger,  Vice-Chairman 

H.  G.  Holmes 

V.  E.  McMullen 

I.  J.  Nelson 

O.  A.  Powell 

L.  W.  Witry 


Associated   Manufacturers  Co. 
International  Harvester  Co. 
Novo  Engine  Co. 
Hercules  Gas  Engine  Co. 
Nelson  Bros. 
Cushman  Motor  Works 
Waterloo  Gasoline  Engine  Co. 


Flywheel  Pulley  Lugs 
(Proposed  S.A.E.  Recommended  Practice)  ' 

At   the   present  time   it   is   necessary   for   stationary 
internal-combustion    engine    builders    to   carry    a    large 


stock  of  pulleys  in  their  branch  houses  to  supply  cus- 
tomers. This  often  necessitates  carrying  for  5  or  6  years 
in  the  distributors'  stock  pulleys  for  which  there  is  prac- 
tically no  demand. 

Appreciating  this  situation,  L.  F.  Burger,  of  the  Inter- 
national Harvester  Co.,  was  appointed  a  Subdivision  of 
one  at  the  February  1921  meeting  of  the  Stationary- 
Engine  Division  to  formulate  a  recommendation  for  fly- 
wheel pulley  lugs.  Mr.  Burger  submitted  a  recommenda- 
tion that  was  subsequently  extended  at  the  suggestion  of 
T.  C.  Menges,  chairman  of  the  Stationary-Engine  Divi- 
sion, to  include  an  additional  size,  the  revised  recom- 
mendation being  approved  by  the  members  of  the  Divi- 
sion. 

Information  received  in  reply  to  a  questionnaire  sent 
to  stationary-engine  and  pulley  manufacturers  showed 
that  there  is  no  general  concordance  of  practice.  This 
report  should  therefore  be  considered  as  an  attempt  to 
establish  uniformity  of  pulley  design  to  secure  inter- 
changeability  and  a  minimum  number  of  sizes.  The 
manufacturers  should  have  little  trouble  in  eventually 
changing  their  product  to  the  proposed  dimensions.  Once 
the  standard  is  adopted  in  actual  practice,  each  manu- 
facturer will  have  to  stock  a  much  smaller  number  of 
pulleys.     Therefore 

The  Division  recommends  that  the  flywheel  pulley 
lug  dimensions  given  in  the  accompanying  table  be 
adopted  as  S.A.E.  Recommended  Practice. 


H  P 


■Flywheel 
Spoke 


Bolt  Circle 
Diam.  P 


pulley  and  friction  clutch  fastening  lugs 


A 

B 

C 

D 

E 

F 

G 

H 

M 

N 

P 

Number  of 

Lugs  to  Pulley 

or  Clutch 

n-2 

1M 

9 
16 

9 
16 

% 

3 
16 

X 

X 

H 

M 

&y2 

Wa. 

6 

134 

Vi 

3 
16 

H 

H 

H 

M 

14 

I.V., 

ti 

2 

2J4 

9 

16 

M 

3 

16 

M 

Yi 

H 

m 

1614 

17M 

6 

2% 

2J4 

9 
16 

M 

_3_ 
16 

V* 

H 

Vs 

l3s 

18Ji 

19% 

6 

PARTS  AND  FITTINGS  DIVISION  REPORT 
Division  Personnel 


F.  G.  Whittington,  Chairman 

W.  C.  Keys,  Vice-Chairman 
Clarence  Carson 
E.  R.  Douglas 


Stewart-Warner    Speedometer 
Co. 

Gabriel  Mfg.  Co. 

Dodge  Bros. 

Cincinnati  Ball  Crank  Co. 
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B.  B.  Garman 
II.  S.  Jandus 
P.  W.  Slack 

C.  W.  Spicer 
Alex  Taub 

K  \v.  Weaver 


Steel  Products  Co. 
C.  G.  Spring  I  o 

Car  Co. 
Spicer  Mfg.  i  iorporation 
Genera]  Motors  Corporation 
u  eaver  &  ECemble  I  o 


Passengeb-Cab  Front  Bumpers 

I/'  ISlOn    of    S.A.I:'.    Standard) 

Iii    1921   a   questionnaire   was   sent   to   passenger-car 

builders  in  the  matter  of  the  feasibility  of  standardizing 
■  bolted-on  front-bumper  connection  for  passenger  cars. 
Although  it  was  pointed  out  that  the  adoption  of  such  a 
standard  would  necessitate  providing  holes  in  the  pas- 
senger-car frames,  for  use  either  by  the  car  builders  for 
mounting  bumpers  as  standard  equipment  or  by  the 
car-owners  for  mounting  bumpers  as  accessor] 
90  per  cent  of  the  companies  replying  recommended 
affirmative  action.  A  Subdivision,  consisting  of  F.  G. 
Whittington.  of  the  Stewart-Warner  Speedometer  Co., 
and  E.  \V.  Weaver,  of  Weaver  and  Kemble,  was  appointed 
to  formulate  a  tentative  recommendation. 

As  the  bumper  mounting  is  influenced  largely  by  the 
frame  design,  a  joint  meeting  of  the  Parts  and  Fittings 
and  the  Frames  Divisions  was  held  in  November  1921, 
at  which  a  report  formulated  by  the  Subdivision  was 
discussed.  The  report  was  subsequently  referred  to  pas- 
senger-car. bumper  and  rebound  shock-absorber  manu- 
facturers for  comment,  and  published  in  the  April  issue 
of  The  Journal. 

The  replies  received,  which  were  in  general  favorable, 
were  summarized,  referred  to  the  members  of  the  Divi- 
sion and  discussed  at  the  Division  meeting  in  April.  The 
report  was  revised  at  this  meeting  in  certain  details  to 
make  it  conform  as  closely  as  possible  with  certain 
changes  that  were  suggested.    Therefore 

The  Division  recommends  that  the  passenger-car 
front-bumper  mounting  shown  in  the  accompanying  il- 
lustration be  adopted  as  an  extension  of  the  pres- 
ent S.A.E.  Recommended  Practice  for  Passenger-Car 
Front  Bumpers,  page  C55  of  the  S.A.E.  Handbook 

The  present  S.A.E.  Standard  for  Automobile  Bumper- 
Mountings  specifies  that  the  distance  from  the  center  of 
the  bumper  face  to  the  ground  shall  be  21  ft.  for  front 
bumpers  and  22  in.  for  rear  bumpers,  the  width  of  the 
bumper  face,  which  shall  be  flat,  to  be  2  in.  for  front 
bumpers  and  2'2  in.  for  rear  bumpers.  The  overall 
length  of  the  bumper  specified  in  both  cases  is  from  59 
to  60  in. 


.0 

yt--:  Clearance 
\       fo-RiYtrHeads 


Two  )2 -in.  diameter  bolt-holes  shall  be  located  on  or  near  the 
neutral  axis  of  the  frame  Bed 

The  first  bolt-hole  back  from  the  sprint  eye  may  coincide  with  the 
■nil  rivet  hole. 

In  cases  wh<  n  Is  to  l»    used  for  mounting  a 

shock  absorb  Ink'  device,  the  hole  shall  be  located  not  more  than  1,'« 
in    from  the  bottom  of  the  frame  channel  at  the  nearest  point. 

Rod-Ends 
(Proposed   Extension   of  S.A.E.  Standard) 

Several  communications  were  received  by  the  Society 
to  the  effect  that  it  was  impossible  to  obtain   '--in.  ad- 


justable S.A.K.  Standard  rod-ends  on  the  market  with 
an  adjusting  length  of  -1  ■".  It;  in.  as  specified  in  the  pres- 
S.A.E.  Standard  on  page  C8  of  the  S.A.E.  Handbook. 
It  appears  upon  inquiry  thai  the  relative  number  of  '-in. 
adjustable  yoke  rod-ends  1  '■'>  1«'>  in.  long  sold  at  the  pi 
ent  time  is  very  small,  the  dimension  generally  used  being 
'■',  in.  as  specified  in  the  original  rod-end  standard  formu- 
lated by  the  Association  of  Licensed  Automobile  Manu- 
facturers and  adopted  by  the  Society  in  1911.  The  Parts 
and  Fittings  Division  found  that  the  rod-ends  as  speci- 
fied in  the  present  standard  up  to  '--in.  nominal  size 
are  of  comparatively  lighi  proportions,  while  those  above 
the  '  _• -in.  nominal  size  are  of  comparatively  heavy  pro- 
portions.   Therefore 

The  Parts  and  Fittings  Division  recommends  that 
the  present  S.A.E.  Standard  for  Rod-Ends,  page  C8  of 
the  S.A.E.  Handbook,  be  extended  by  the  addition  of 
a  %-in.  rod-end  with  a  length  of  3  in.,  the  sizes  to  be 
classified  as  in  the  ace panying  table. 


K 

H     I 


.1 

C 

F 

fV-32 

1A 

1 

x- 

28 

2 

l'> 

-24 

-", 

i... 

-24 

214 

1\ 

rV 

20 

'-'-« 

Vs 

V 

20 

3 

1  ■- 

HEAVY    SERIES 

A 

c 

F 

}-i-20 

4  h 

^—18 

i;;: 

3fi 

16 

.;'. 

4/;. 

%- 14 

-'■ 

.-■', 

1  —14 

8 

6 

.Vote     All  otbi  "lis  are  the  same  as  given  in  the  table  on 

lac-  C9  of  the  S.A.K.  Handbook. 

Plain  Steel  Washers 

(Proposed  S.A.E.  Standard) 

Last  fall  the  Parts  and  Fittings  Division  was  requested 
to  prepare  a  standard  for  plain  steel  washers.  Inasmuch 
as  practice  did  not  follow  any  established  standard,  a 
Subdivision  was  appointed  to  investigate  the  situation 
and  prepare  a  report  to  the  Division.  At  the  last  meet- 
ing of  the  Division  data  were  submitted  showing  the  die 
equipment  in  the  possession  of  a  number  of  washer 
manufacturers  that  conformed  to  a  series  of  plain-washer 
sizes  submitted  to  the  Division  and  approved.  The  pro- 
posed series  of  sizes  is  intended  for  S.A.E.  bolt  sizes 
from  yA  to  l'L.-in.  diameter  and  includes  outside  diam- 
eters that  are  suitable  for  use  with  U.  S.  standard 
hexagon  nuts.     Therefore 

The  Parts  and  Fittings  Division  recommends  the  ac- 
companying table  of  plain  steel  washer  size  for  adop- 
tion as  S.A.E.  Standard 

The  chart  accompanying  this  report  shows  the  pro- 
gression of  S.  A.  E.  bolt  sizes,  the  plain  washer  inside 
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diameters,  the  distance  across  S.A.E.  Standard  hexagon 
bolt-heads  and  nuts  and  the  outside  diameter  of  the  pro- 
posed washers. 

F7^ 


WASHERS 

Bolt. 

Diam. 

A 

B 

C3 
±0.010 

Vi 

9 
32 

5« 

1 
16 

5 

16 

11 
32 

T"6 

1 
16 

% 

13 
32 

13 
16 

1 
16 

7 
1  i, 

15 
32 

1  5 
16 

1 
16 

H 

I  7 
32 

1A 

3 
32 

9 

16 

19 
32 

1A 

3 

32 

Vs 

21 
32 

1A 

3 
32 

1  1 

16 

23 
J  2 

l% 

3 
32 

H 

1  3 
16 

i1.' 

H 

Vs 

15 
16 

W 

Yi 

] 

1A 

2 

H 

w% 

1A 

2M 

K 

Hi 

1A 

2H 

5 
32 

w% 

ift  • 

2% 

5 
3~T 

m 

1A 

3 

5 
32 

Bolt  Diam 

'4 


Washer  Diam. 
5/8 


3  This  dimension  permits  use  of  scrap  stock.  Washers  shall  be 
flat  and  free  from  burrs. 

Ball  Studs 
(Proposed  S.A.E.  Recommended  Practice) 

In  February  1919  a  discussion  was  started  of  the  So- 
ciety standardizing  ball-and-socket  joints  for  reach-rods. 
The  subject  was  assigned  to  the  Miscellaneous  Division 
and,  after  preliminary  consideration,  it  developed  into  a 
study  of  current  practice  with  regard  to  ball  studs.  Early 
in  1920  a  large  manufacturer  of  this  product  became  in- 
terested and  urged  the  adoption  of  standards  as  soon 
as  possible.  A  Subdivision  was  then  appointed,  com- 
prising 

W.  R.  Strickland,  Chairman    Peerless  Motor  Car  Co. 
E.  E.  Sweet  Lincoln  Motor  Co. 

A  tentative  proposal  was  drafted  and  circulated  and, 
in  view  of  criticisms  received,  the  work  was  reviewed 
and  subsequently  placed  in  the  hands  of  a  new  subdivi- 
sion, as  conditions  had  arisen  that  prevented  the  original 


Bolf  diam. 

Distance  across  corners^.  A.  E.  nut 

Recommended  washer  diam. 


subdivision  from  continuing  its  work. 
vision  consisted  of 


The  new  subdi- 


Peerless  Motor  Car  Co, 
Cincinnati  Ball  Crank  Co. 


F.  W.  Slack,  Chairman 
E.  R.  Douglas 

A  new  report  was  prepared  and  distributed,  following 
which  the  Division's  recommendation  was  submitted  to 
the  Standards  Committee  at  West  Baden  in  May  1921. 
As  a  result  of  discussion  at  this  meeting  the  subject  was 
referred  back  to  the  Division  for  further  study.  Mr. 
Slack  was  then  obliged  to  give  up  this  work  and  another 
new  subdivision  was  appointed,  constituted  of 


E.  R.  Douglas,  Chairman 
H.  G.  Garman 
W.  J.  Outcalt 


Cincinnati  Ball  Crank  Co. 
Detroit  Steel  Products  Co. 
General  Motors  Corporation 


This  Subdivision  submitted  a  new  report  based  on  the 
earlier  recommendations  and  the  criticsims  made,  and 
was  favorably  considered  by  the  Parts  and  Fittings  Divi- 
sion at  a  recent  meeting.    Therefore 

The  Parts  and  Fittings  Division  recommends  that  the 
dimensions  for  ball  studs  specified  herewith  be  adopted 
as  S.A.E.  Recommended  Practice 

Serrated  Shaft  Fittings 
(Proposed  S.A.E.  Recommended  Practice) 
This    subject    was    advanced    for    standardization    in 
March  1920  by  one  of  the  large  automotive  parts  manu- 
facturing companies.     The  Parts  and  Fittings  Division 
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A  and  Q  are  Nominally  Equal 

A  +  B  -  Depth  of  Cut 

C  in  Hole  and  0  m  Shaft  may  be  made  os 
desired  by  each  individual  manufacturer 
beyond  mm   and  max   a$  specified  m  table 

/V  *  Number  of  Serrations 


N 

a, 
deg. 

6, 
deg. 

HOLE 

SHAFT 

Nominal 
Diam. 

k  Pitch  Diam. 

Large 
Diam. 
Min. 

Small  Diam. 

Outside  Diam. 

[nside 

Max. 

.Mm. 

Max. 

Min. 

Max. 

Min. 

Diam. 
Max. 

Vs 

0.122 

0.120 

36 

90 

SO 

0.125 

0.118 

0  117 

0.124 

0.123 

0.116 

3 
16 

0.182 

11    lsll 

36 

90 

80 

o   ls7 

0.176 

0.175 

0.1S6 

0.185 

0.174 

K 

(I  2  1:: 

0.241 

36 

90 

80 

0.250 

0.235 

0.234 

0.249 

0.248 

0.233 

5 
16 

0.303 

0.301 

36 

90 

80 

0.312 

0.293 

0.292 

0.311 

0.310 

0.291 

3s 

0.363 

0.361 

36 

90 

80 

0.375 

0.352 

0.351 

0.374 

0.373 

0.350 

V2 

0.485 

0.483 

36 

90 

80 

0.500 

0.469 

0.46S 

0.499 

0.498 

0.467 

Vs 

0.605 

0.603 

36 

90 

80 

0.625 

0.584 

o  ;,s:: 

0.624 

0.623 

0.582 

% 

0.733 

0.731 

48 

90 

82  Vi 

0.750 

0.716 

0.714 

0.749 

0.747 

0.713 

v% 

0.855 

0.853 

48 

90 

82  y2 

0.875 

0.835 

o  s;;:; 

0.874 

0.872 

0.832 

i 

ii  M77 

0.975 

48 

90 

82  M 

1.000 

0.954 

0.952 

0.999 

0.997 

0.951 

w% 

1.098 

1.096 

48 

90 

82V2 

1.125 

1.071 

1    Oli'.l 

1.124 

1 .  122 

1.068 

Hi 

1.220 

1.218 

48 

90 

82V2 

1.250 

1.190 

1.188 

1.249 

1.247 

1    1ST 

w% 

i  :;i2 

1.340 

48 

90 

'  82^ 

1.375 

1.309 

1 .  307 

1 .  374 

1.372 

1.306 

Wi 

i    ii.i 

1.462 

48 

90 

S2y2 

1.500 

1.42S 

1.426 

1.499 

1.497 

1.425 

w 

1    70S 

1.706 

48 

90 

82  M 
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1.666 

1.664 

1.749 

1.747 

1.663 

2 

1.952 

1.949 

48 

90 

82K2 
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1    '.102 

1    W.I 
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1.901 

2'4 
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2.193 

48 

90 

82  y2 
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2'2 

2.440 
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48 

90 

82  Vi 
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2.3S0 

2.37S 
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2.377 

2% 
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2.681 

48 

90 

82  % 

'.'   77.0 

2.61S 

2.616 

2.749 

2.747 
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3 

2.928 

2.925 

48 

90 

S2y2 

3.000 

2.856 

2.854 

2.999 

2.997 

2.853 

Ml  cl'tm"i:  id  s  ia  inches. 


referred  the  matter  to  C.  W.  Spicer  as  a  Subdivision  to 
draft  a  report.  A  questionnaire  was  sent  to  75  com- 
panies, most  of  which  submitted  data,  which  were  tabu- 
lated and  used  by  Mr.  Spicer  as  a  basis  for  his  report. 
The  investigation  showed  that  both  taper  and  straight 
serrated-shafts  are  used  extensively,  although  the  prac- 
tice is  better  denned  for  the  taper  type.  The  Sub- 
division's report  was  discussed  in  detail  by  the  Parts  and 
Fittings  Division  at  a  meeting  held  recently.  Sizes  be- 
low the  H-in-  taper  fitting  have  not  been  included  in  the 
recommendation  because  they  are  used  very  little  if  at  all. 
The  number  of  serrations  on  the  taper  fittings  is  already 
practically  standard,  whereas  the  number  of  serrations 
on  the  straight  shafts  varies  considerably.  The  Division 
has,  however,  selected  the  serrations  on  straight  shafts 


as  shown  in  the  report  as  providing  a  suitable  number  of 

well  proportioned  serrations.    Therefore 

The  Parts  and  Fittings  Division  recommends  that  the 
taper  and  straight  shaft-serrations  shown  in  the  ac- 
companying illustrations  and  tables  be  adopted  as 
S.A.E.  Recommended  Practice  for  Serrated  Shaft  Fit- 
tings 

Tank  and  Radiator  Caps 

(Proposed  Extension  of  S.A.E.  Recommended  Practice) 

Trouble  has  been  experienced  by  the  gasoline-pump 
manufacturers  in  providing  suitable  nozzles  for  pump 
equipment  because  of  the  lack  of  uniformity  in  the  size 

(Concluded  on  page  523) 
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( )verhead  Camshaft  Passenger-Car 


Engines 

By  P.  M.  IIiiim 


Semi-Anni  m    Mii  us'.   Pah  r 


Illustrated  with  Drawings 


TI1K  gradual  trend  toward  overhead  valves  in  auto- 
mobile   engines,    as    indicated    by    an    increasi 
their  use  on  American  rent   in   1914 

l  per  cent  in  L922,  has  been  accelerated,  in  bhe 
opinion  of  the  author,  by  their  successful  application 
t  i  aircraft  engines  and  by  the  publicity  given  them  by 
their  almost  universal  adoption  on  racing  machines. 
Tractor  engines  recently  brought  out  show  the  advan- 

tis  c, instruction.  Methods  of  operatin 
in  the  cylinder-head;  the  advantages  of  the  valve-in- 
the-head  construction  as  regards  the  form  of  combus- 
ngine  cooling  and  high-sped  operation; 
the  reason  for  using  an  overhead  camshaft  to  operate 
the  valves  on  racing  engines,  the  question  of  noisy 
ration  and  the  possibility  of  having  an  overhead 
camshaft  engine  operate  as  quietly  as  one  in  which  th.' 
camshaft  is  enclosed  in  the  crankcase;  the  location  of 
the  drive  in  the  various  foreign  engines  of  the  over- 
head camshaft  type;  the  silent  operation  that  is  pos- 
sible with  a  rear  drive;  the  use  of  chains  and  spur, 
helical,  worm  and  spiral  bevel  gears  for  the  camshaft 
drive,  with  the  advantages  and  disadvantages  of  each 
method  and  descriptions  of  specific  applications;  and 
some  radical  designs  of  overhead  camshaft  drive  and 
valve-actuating  mechanism  that  have  been  developed 
abroad  are  among  the  topics  discussed.  The  three 
methods  of  operating  the  valves:  (a)  directly  through 
the  action  of  cams  on  followers  secured  to  the  end  of 
the  valve-stem,  (6)  through  the  interposition  of  single- 
armed  levers  or  adjusting  blades  between  the  cams 
and  the  valve-stems,  and  (c)  by  the  use  of  tappet 
levers,  are  also  outlined  with  particular  reference  to 
the  specific  applications  of  each.  Numerous  illustrations 
supplement  the  text. 

FOR  a  number  of  years  there  has  been  a  gradual 
trend  toward  the  use  of  overhead  valves  in  auto- 
mobile engines.  This  movement  probably  was 
accelerated  by  the  success  of  aircraft  engines  with  this 
valve  arrangement,  as  well  as  by  the  publicity  given  to 
this  construction  by  its  almost  universal  use  on  racing 
engines.  That  valves  located  directly  in  the  cylinder- 
head  are  not  merely  a  fad  but  possess  practical  advan- 
tages can  be  concluded  from  the  fact  that  practically  all 
the  tractor  engines  brought  out  during  recent  years  have 
the  valves  so  located. 

Valves  in  the  cylinder-head  can  be  operated  either  by 
tappet-rods  extending  up  one  side  of  the  engine  or  di- 
rectly from  an  overhead  camshaft.  A  third  method,  which 
consists  of  arranging  the  valves  at  right  angles  to  the 
cylinder  axis  and  operating  them  from  a  camshaft  in  the 
crankcase  through  the  intermediary  of  long,  double-armed 
levers,  is  exemplified  in  the  Duesenberg  engine.  This 
arrangement  necessitates  the  provision  of  a  valve-pocket 
on  top  of  the  cylinder-head,  and  in  most  respects,  espe- 
cially as  regards  the  form  of  the  combustion-chamber,  re- 
sembles the  L-head  engine  more  than  the  true  valve-in- 
head  engine  which  has  no  valve-pockets. 

1  MS.AR — Engineering  editor.  Class  Journal  Co..  New  York  City. 


The  advantage  of  the  valve-in-head  engine  over  the 
L  and  T-head  types  is  that  the  combustion  space  has  a 
much  more  favorable  form.  It  has  less  cooling  area  in 
proportion  to  the  volume  than  either  of  the  other  types. 
Consequently  the  heat  Joss  to  the  jacket  is  reduced,  and 
the  distances  from  the  firing  points  to  the  most  remote 
part  of  the  firing  chamber  are  smaller,  so  that  the  flame 
is  propagated  through  the  combustible  charge  in  a 
shorter  interval  of  time.  This  tends  toward  increased 
power  and  higher  fuel  economy.  The  decrease  in  the 
loss  of  heat  to  the  water-jacket  due  to  the  simple  form  of 
the  combustion-chamber  also  facilitates  the  problem  of 
effective  engine  cooling.  The  combustion-chamber,  the 
portion  of  the  cylinder  casting  subjected  to  the  highest 
temperatures,  is  more  symmetrical  and  the  cylinders 
therefore  are  less  likely  to  be  distorted  by  unequal  expan- 
sion. There  is  also  less  likelihood  of  the  presence  of 
masses  of  metal  in  the  upper  part  of  the  cylinder  casting 
that  would  be  difficult  to  cool,  as  well  as  of  the  formation 
of  steam  pockets. 

While  considerable  emphasis  is  laid  on  the  advantages 
of  the  valve-in-head  construction  from  the  standpoint  of 
engine  cooling,  the  majority  of  designers  who  have 
adopted  the  practice  have  done  so  because  they  expected 
increased  engine  power  and  reduced  fuel-consumption. 
The  inlet  as  well  as  the  exhaust-valve  passages  can  be 
made  shorter  and  more  direct' than  in  any  other  form  of 
cylinder,  and  the  overhead-valve  type  of  engine  lends 
itself  particularly  well  to  high-speed  operation.  It  is  also 
claimed  that  there  is  less  tendency  to  knock.  In  view  of 
the  greater  ease  of  effectively  cooling  the  combustion- 
chamber  this  claim  does  not  sound  altogether  unreason- 
able, but  no  definite  proof  of  it  seems  to  be  available. 

The  tendency  toward  the  overhead-valve  type  of  en- 
gines is  reflected  by  the  analyses  of  car  specifications  that 
are  being  made  annually.  In  1914  only  6  per  cent  of  the 
cars  listed  had  such  valves,  while  in  1922  the  percentage 
had  increased  to  31.  This  applies  to  American  cars.  In 
Europe  the  valve-in-head  engine  has  made  progress,  par- 
ticularly during  the  last  year.  Disregarding  engines  of 
the  sleeve-valve  type,  32  per  cent  of  the  European  models 
listed  in  1922  had  overhead  valves,  as  against  20  per  cent 
in  1921.  British  companies  seem  to  be  in  a  state  of  tran- 
sition, many  of  them  offering  cars  this  year  with  both 
valve-in-head  and  side-pocket-valve  engines. 

Tappet-Rods  and  Overhead  Camshafts 

In  most  engines  of  the  valve-in-head  type  used  on 
passenger  cars  the  valves  are  operated  by  tappet-rods, 
whereas  in  most  racing  and  aircraft  engines  they  are  op- 
erated by  overhead  camshafts.  It  is  interesting  to  an- 
alyze the  reasons  for  this  difference.  The  side-rod 
method  of  overhead-valve  operation  is  the  older,  at  least 
in  the  sense  that  it  was  the  first  to  gain  much  popu- 
larity. In  one  way  it  is  also  the  simpler  and  more  nat- 
ural, for  all  that  is  wanted  is  a  reciprocating  motion,  and 
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what  means  of  transmitting  a  plain  reciprocating  motion 
over  a  moderate  distance  could  be  simpler  than  a  push- 
rod?  However,  when  engines  attain  high  speeds  the 
problems  arising  from  inertia  effects  must  be  consid- 
ered, and  in  order  to  permit  high-speed  operation  over- 
head valves  are  generally  employed.  Increased  power 
output  results  directly  from  the  increased  operating 
speed  and  the  gain  in  economy  is  also  in  part  dependent 
upon  it. 

In  racing  and  ultra  high-speed  engines  the  speed  of  the 
engine  is  limited  by  the  inability  of  the  valves  to  close 
promptly  at  extremely  high  speeds.  The  inertia  of  the 
reciprocating  parts  of  the  valve  becomes  so  great  that  it 
is  practically  impossible  to  get  the  cam  followers  to  fol- 
low the  contour  of  the  cams.  The  force  necessary  to 
close  the  valves  that  is  furnished  by  the  valve-springs  be- 
comes greater  in  direct  proportion  to  the  weight  of  the 
reciprocating  parts  of  the  valve.  In  one  sense  there  is 
almost  no  limit  to  the  force  that  can  be  obtained  from  a 
spring,  but  in  practice,  if  the  pressure  of  the  valve-spring 
is  increased,  the  stress  in  the  material  of  the  spring  gen- 
erally is  increased  also  with  a  consequently  greater  risk 
of  breakage  of  the  spring.  A  very  stiff  spring  puts  great 
stresses  upon  the  valve  itself.  In  order  to  permit  higher 
operating  speeds  it  is  generally  a  much  better  plan  to 
reduce  the  weight  of  the  reciprocating  parts  of  the  valve 
than  to  increase  the  stiffness  of  the  springs.  To  reduce 
the  stress  on  the  valves  and  their  springs  at  extremely 
high  speeds,  motion  should  be  transmitted  in  the  rotating 
form  as  close  to  the  valves  as  possible  and  then  converted 
into  a  reciprocating  motion.  This  is  the  reason  that 
racing  engines  are  so  frequently  provided  with  overhead 
camshafts. 

Another  aspect  of  the  valve  problem  that  needs  con- 
sideration, particularly  in  connection  with  its  application 
to  passenger-cars,  is  the  requirement  that  engines  shall 
operate  without  appreciable  noise.  One  cause  of  noisy 
operation  is  the  clearance  that  must  be  given  the  valves, 
particularly  the  exhaust-valves,  when  they  are  cold;  The 
need  for  this  clearance  is  due  to  the  fact  that  as  the 
engine  heats  up  the  exhaust-valve  stem  expands  much 
more  than  the  engine  as  a  whole  and  must  be  given  free- 
dom in  which  to  expand  or  the  valve  will  not  close;  a 
condition  that  is  generally  followed  by  disastrous  results. 
If  the  cams  are  directly  over  the  valves  the  chances  of 
unequal  expansion  and  the  consequent  need  for  clearance 
are  greatly  reduced.  In  this  connection  the  relative  tem- 
peratures of  the  cylinder-block  and  the  valve-rods  at  the 
side  are  factors.  If  the  cylinders  are  air-cooled  and  the 
valve-rods  are  located  so  that  they  are  not  greatly  influ- 
enced by  the  heat  of  the  cylinders  but  remain  relatively 
cool,  it  is  conceivable  that  the  cylinders  will  expand  much 
more  than  the  rods.  This  difference  in  expansion  has  the 
same  effect  as  the  expansion  of  the  valve-stems,  and  addi- 
tional clearance  must  be  allowed  the  valves.  On  the  other 
hand,  if  the  engine  is  water-cooled  and  the  valve-rods 
extend  through  enclosed  spaces  within  the  cylinder-block, 
the  rods  and  the  block  will  be  of  substantially  the  same 
temperature  and  there  will  be  no  difference  in  expansion. 
Noiseless  operation  is  not  important  in  racing  and  air- 
craft engines. 

There  seems  to  be  a  general  impression  that  it  is  diffi- 
cult to  make  overhead  camshaft  gears  operate  noiselessly. 
Just  why  this  should  be  so,  if  it  is  so,  is  not  immediately 
apparent.  Noise  in  cam  gearing  depends  on  the  one  hand 
on  the  cam  outline,  which  could  be  made  the  same  as  in 
engines  with  the  camshaft  in  the  crankcase;  and  on  the 
other  hand  on  the  mass  of  the  reciprocating  parts,  that, 
as  already  pointed  out,  can  be,  and  usually  is,  consider- 


ably less  than  in  a  valve-in-head  engine  in  which  the 
valve-rods  extend  up  the  sides.  It  may  be  that  the  im- 
pression was  created  in  the  early  days  when  overhead 
camshafts  were  exposed.  In  modern  engines  of  this  type 
not  only  the  camshaft  but  the  whole  valve  mechanism 
is  enclosed,  so  that  it  should  be  as  easy  to  render  an  en- 
gine of  this  construction  noiseless  as  one  with  the  cam- 
shaft in  the  crankcase. 

If  there  is  any  justification  for  the  belief,  the  reason 
probably  is  that  there  are  generally  more  wearing  con- 
tacts in  overhead  camshaft  gearing  than  in  the  more  con- 
ventional type.  At  each  of  the  contacts  wear  will  occur 
and  the  play  or  slackness  in  the  camshaft  operating  train 
therefore  will  increase  more  rapidly  than  in  the  ordinary 
L-head  engine.  Every  time  the  ifose  of  a  cam  passes 
from  under  the  cam  follower  there  is  a  tendency,  which 
is  more  pronounced  in  the  case  of  a  four-cylinder  engine 
than  in  one  with  more  cylinders,  for  the  camshaft  to  jump 
ahead  and  take  up  the  slack  of  the  drive,  thus  creating^ 
noise. 

In  connection  with  the  older  engines  with  side  tappet- 
rods  the  rapid  wear  of  the  tappet-lever  bearings  is  un- 
pleasantly remembered.  The  only  means  of  lubrication 
of  these  tappet-levers  was  an  oil-hole  and  the  excessive 
wear  was  probably  due  not  so  much  to  the  inadequacy  of 
the  lubricating  means  as  to  neglect  to  make  use  of  them. 
Presumably  with  the  newer  engines  of  this  type  having 
wick  or  even  force-feed  lubrication  this  difficulty  has  been 
overcome.  With  some  of  the  overhead  camshaft  engines 
tappet-levers  are  also  used,  but  they  are  now  always  en- 
closed and  therefore  can  be  effectively  lubricated.  The 
difference  is  therefore  not  one  of  camshaft  location  but 
rather  of  valve  actuation  and  details  of  construction.  An- 
other thing  in  favor  of  the  overhead  camshaft  is  that  it 
generally  leads  to  a  very  symmetrical  engine  with  the 
accessories  so  located  that  they  are  quite  accessible  and 
with  the  sides  of  the  engine  comparatively  free  from 
obstructions. 

One  method  of  judging  an  overhead-valve  engine  is  by 
the  facility  for  removing  the  cylinder-head  for  cleaning 
out  the  carbon  by  scraping  and  for  grinding  the  valves. 
In  an  engine  with  the  camshaft  in  the  crankcase,  the 
amount  of  disassembling  and  reassembling  necessary  for 
these  two  jobs  is  usually  the  same,  but  in  the  case  of  an 
overhead  camshaft  engine,  this  does  not  hold  true.  In 
many  designs  the  whole  camshaft  and  overhead  valve- 
operating  gear  must  be  taken  apart  before  the  valves  can 
be  ground  in,  and  this,  of  course,  is  a  rather  serious 
objection. 

From  the  standpoint  of  manufacturing  cost  the  over- 
head camshaft  is  not  a  very  attractive  proposition.  The 
provisions  that  must  be  made  for  the  complete,  oil-tight 
enclosure  of  the  camshaft  for  lubrication,  the  enclosure 
of  the  drive  between  members,  of  which  one  is  carried 
by  the  crankcase  and  another  by  the  cylinder-head,  and 
the  lubrication  of  this  drive,  involve  considerable  ex- 
pense. There  are  ways  of  producing  overhead  camshaft 
engines  comparatively  cheaply  but  these  engines  are 
likely  to  prove  unsatisfactory. 

The  overhead  camshaft  engine  has  not  yet  made  much 
headway  in  this  Country,  only  four  cars  that  are  at  all 
well  known  having  such  engines  at  present.  In  Europe, 
on  the  other  hand,  many  of  the  leading  makes  now  employ 
this  type  of  engine.  These  include  Lanchester,  Napier, 
Wolseley,  Straker-Squire  and  Leyland  in  England;  Bu- 
gatti,  Farman  and  Hispano  in  France;  Ansaldo  and 
Diatto  in  Italy  and  Mercedes  and  Szawe  in  Germany.  As 
a  passenger-car  engine  the  overhead  camshaft  type  is 
practically  an  after-war  product,  but  motor-truck  engines 
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thus  equipped  were   used   by   several   companies   in   tier 
many  prior  to  the  war.      1  assume  that  the   four   Atuer 
lean  overhead  camshaft  engines,  the  Wills-Sainte  Claire, 
the  Leach  Biltwell,  the  Duesenberg  and  the  Frontenac, 
are  well  known,  as  all  have  been  described  in  the  •• 
nieal  journals   within   the   past    several    month-;    conse 
quently,  only  overhead  camshaft  engines  <<(  foreigi 
sign  will  he  considered. 

Location  ok  Drive 

In  connection  with  the  drive  the  question  of  its  |< 
tion  at  the  front  or  rear  comes  up.  It  is  the  almost  uni- 
versal practice  to  have  the  camshaft  drive  at  the  iron: 
and  this  location  is  practically  standardized.  It  is  wel 
known  that  trouble  has  been  experienced  with  camshaft 
drives  in  the  last  tew  years  and  there  is  suspicion  that 
the  fact  that  the  drive  is  at  the  front,  where  it  is  sub- 
jected to  the  effects  of  torsional  vibration  id'  the  crank- 
shaft, has  something  to  do  with  it.  Since  the  introduc- 
tion of  engine-  with  six  and  more  cylinders  running  at 
high  speed-  a  great  deal  of  trouble  has  been  caused  by 
torsional  vibration.  Owing  to  the  periodic  impulses  in  a 
gasoline  engine,  the  engine  naturally  tends  to  accelerate 
and  decelerate  periodically  and  the  flywheel  is  provided  to 
minimize  these  speed  fluctuations.  The  greatest  fluctua- 
tions of  speed  occur  at  the  forward  end  of  the  crank- 
shaft. If  the  natural  period  of  vibration  of  the  shaft 
happens  to  coincide  with  the  periodicity  of  the  impulses 
received  by  this  end  of  the  shaft,  a  periodic  torsional 
rocking  motion  is  superimposed  upon  the  regular  rotary 
motion  of  the  shaft.  After  each  explosion  in  one  of  the 
forward  cylinders  the  crankshaft  will  jump  ahead,  only 
to  snap  back  the  next  moment.  This  effect,  of  course, 
occurs  only  at  certain  critical  speeds  of  the  engine  and 
in  engines  with  exceedingly  stiff,  crankshafts  these  speeds 
may  never  be  reached  in  regular  operation.  Where  a 
critical  speed  is  reached  in  the  regular  operation  of  the 
engine  it  is  obvious  that  it  must  be  rather  hard  on  the 
camshaft  gears  if  they  are  located  at  the  forward  end. 

Mercedes  for  many  years  has  located  the  camshaft 
gears  at  the  rear  as  shown  in  Fig.  1  and  another  German 
maker,  Szawe,  has  recently  followed  this  example.  If 
there  is  any  part  of  the  crankshaft  that  rotates  more 
uniformly  than  the  rest,  it  is  the  part  at  the  flywheel. 
This,  therefore,  would  seem  to  be  the  best  part  from 
which  to  take  the  camshaft  drive.  The  objection  has 
been  made  that  this  location  renders  the  camshaft  gears 
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much  less  accessible.  This  is  true,  but  if  it  renders  the 
gears  at  the  same  time  invulnerable,  what  does  it  matter? 
With  the  light  work  the  camshaft  gears  really  have  to  do 
it  should  not  be  difficult  to  provide  a  set  of  gears  that 
would  last  the  life  of  the  engine.  In  that  case  the  ques- 
tion of  accessibility  would  not  arise. 

I  believe  that  anyone  contemplating  the  production  of 
an  engine  with  an  overhead  camshaft  should  give  the  lo- 
cation of  the  camshaft  driveshaft  the  fullest  considera- 
tion, especially  if  the  engine  has  six  or  more  cylinders. 
From  the  standpoint  of  silent  operation '  also  the  rear 
drive  have  something  to  commend  it  and  conditions  are 
still  further  improved  when  the  fan  is  driven  from  the 
forward  end  of  the  camshaft,  making  the  resulting  or 
total  torque  on  the  camshaft  non-reversible  and  thus 
eliminating  the  cause  of  noisy  operation  referred  to  in 
the  foregoing. 

Silent  Chain  and  Spur  Gear  Drives 

One  method  of  driving  an  overhead  camshaft  is  by 
silent  chains  and  this  has  been  used  in  a  few  cases  for 
many  years.  One  of  the  four  American  overhead  cam- 
shaft engines,  the  Frontenac,  has  this  form  of  drive. 
From  the  manufacturing  standpoint  the  chain  drive  is 
very  attractive,  as  apparently  all  that  is  required  is  a 
sprocket  wheel  on  the  crankshaft  and  another  on  the  cam- 
shaft and  a  chain  to  connect  the  two.  In  practice  how- 
ever various  difficulties  crop  up  which  have  militated 
against  the  more  extensive  use  of  chains.  A  single  chain 
between  the  crankshaft  and  camshaft  is  unsatisfactory 
1  ecause  it  would  have  to  be  abnormally  long,  and  with  the 
wearing  of  the  links  or  the  "stretching"  of  the  chain  it 
would  whip  and  be  likely  to  hit  the  wall  of  the  casing, 
unless  the  latter  was  made  with  a  large  clearance  space. 
Two  chains  therefore  are  generally  used,  one  transmitting 
the  motion  to  a  short  intermediate  shaft,  which  may  be 
the  fan  shaft,  and  the  other  transmitting  it  from  this 
shaft  to  the  camshaft.  This  does  not  dispose  of  the  ques- 
tion of  chain  adjustment  however.  One  way  of  solving 
this  problem  consists  in  driving  not  directly  to  the  cam- 
shaft  but  to  a  short  shaft  at  the  end  of  it  that  drives  the 
camshaft  through  a  Hookham  joint,  and  then  providing 
both  this  short  shaft  and  the  intermediate  or  fan  shaft 
with  an  eccentric  adjustment.  Another  method  consists 
of  the  use  of  chain-tightening  idlers. 

In  the  British  A.C.  six-cylinder  engine  the  camshaft 
drive  is  by  a  long  silent  chain  direct  from  the  crank- 
shaft to  the  camshaft,  with  a  spring-loaded  jockey  pullev 
to  take  up  the  slack.    The  drive  is  at  the  rear  end  of  the 
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Fig.    3 — The   Upper  Portion  of  the  Napier  Overhead  Camshaft  Engine 


engine,  as  is  shown  in  Fig.  2.  The  ill-effects  of  the  inter- 
mittent torque  that  the  chain  must  withstand,  even  in 
this  six-cylinder  engine,  are  reduced  in  a  degree  by  rea- 
son of  the  water-circulating  pump  being  located  at  the 
end  of,  and  driven  directly  by,  the  camshaft;  the  load 
represented  by  the  pump  being  positive  and  uniform  puts 
the  torque  always  above  the  zero  line,  and  though  it  does 
not  eliminate  or  even  reduce  the  torque  variations  due  to 
cam-succession  it  maintains  a  positive  pressure  between 
the  teeth  of  the  sprockets  and  the  chain.  For  this  reason 
such  a  pump  location  seems  to  be  worth  considering,  par- 
ticularly on  four-cylinder  engines,  no  matter  what  form 
of  drive  is  used. 

On  the  Wolseley  engine  there  is  a  short  silent  chain 
for  transmitting  power  to  an  intermediate  shaft  directly 
above  the  crankshaft.  Because  of  the  shortness  of  this 
chain  the  troubles  of  whipping,  and  the  like,  are  absent 
and  no  means  for  tightening  the  chain  are  required. 

The  spur-gear  drive  has  given  excellent  service  on  rac- 
ing engines.  This  involves  a  train  of  spur-gears  extend- 
ing up  the  front  of  the  engine,  and  one  would  expect  it  to 
be  rather  difficult  to  make  such  a  train  run  quietly,  even 


if  helical  teeth  were  used.  In  racing  engines  the  shafts 
of  the  intermediate  gear  are  mounted  on  ball  bearings, 
and  this  would  no  doubt  also  be  required  in  high-class 
passenger-car  engines,  which  would  make  the  drive 
rather  expensive.  Another  objection  to  the  spur-gear 
train  is  that,  since  there  are  a  number  of  wearing  sur- 
faces, when  the  gears  begin  to  show  serious  wear  a  con- 
siderable backlash  will  soon  develop.  It  would  then  prob- 
ably be  almost  impossible  to  keep  the  drive  quiet.  The 
gears  might  be  so  liberally  proportioned  that  the  wear 
would  be  a  negligible  quantity,  but  the  high  cost  and  the 
rather  unsightly  appearance  of  the  large  gearcase  would 
remain.  An  advantage  shared  by  the  two  methods  of 
drive  is  that  they  require  no  thrust  bearings,  whereas  all 
the  other  more  common  forms  of  drive  require  such  bear- 
ings. These  involve  considerable  expense,  including  not 
only  the  cost  of  the  bearings  themselves  but  also  that  of 
machining  the  mountings  and  fitting  the  bearings. 

A  form  of  drive  for  overhead  camshafts  that  has  met 
with  success  and  is  now  used  on  several  well-known 
makes  of  cars  is  that  through  helical  gears  with  axes  at 
right  angles,  or  the  worm  drive.    Formerly  the  so-called 


Pig.  4 — Camshaft  Drive  of  Lanchbster  Engine 
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Fio.  5 — Details  of  the  Ansaloo  Enoinb 
>s-Sectlon  of  the  Upper  Portloi  and  the  Middle  Drawing  Is  a  Side  View  of  the  Same 

Portion.     The  View  at  the  Right  Gives  Details  of  the  Camshaft  Drive 


spiral  gears  were  used  to  a  great  extent  for  the  camshaft 
drives  of  stationary  gas  engines.  Their  most  valuable 
feature  is  their  silent  operation.  If  made  of  liberal  size 
ami  provided  with  adequate  means  of  lubrication  they 
give  satisfactory  service,  but  as  there  is  theoretically 
only  point  contact  the  unit  pressure  at  the  contact  sur- 
face is  quite  high  and  if  the  lubrication  is  not  depend- 
able the  backlash  is  likely  to  increase  rapidly.  For  this 
reason  several  British  manufacturers  use  true  worm 
gears  for  the  drive.  Worm  Rears  differ  from  helical 
Rears  in  that  the  face  of  the  wormwheel  is  throated,  con- 
forming to  the  circumference  of  the  worm,  whereby  an 
increased  bearing  surface  is  obtained.  One  advantage 
he  helical  gear  or  worm  drive  is  that  the  vertical 
shaft  is  offset  from  both  the  crankshaft  and  the  cam- 
shaft and  therefore  can  have  extensions  for  accessories 
coupled  to  it  at  both  the  top  and  the  bottom.  With  a 
bevel-gear-driven  intermediary  shaft  extra  gearing  is 
required  for  accessories  at  least  at  the  bottom. 

It  is  probably  between  the  worm  gear  and  the  spiral 
bevel  gear  that  the  chief  competition  for  supremacy  in  the 
overhead  camshaft  field  will  arise.  The  strong  and  the 
weak  points  of  the  two  are  practically  the  same.  Both 
are  absolutely  quiet  in  operation,  which  constitutes  their 
strong  point,  but  both  require  means  for  the  accurate 
adjustment  of  the  mesh  if  they  are  to  work  satisfactorily. 
The  advantage  of  worm  gear  in  respect  to  greater  handi- 
ness  for  the  driving  of  accessories  in  certain  locations  is 
offset  by  its  somewhat  lower  efficiency  and  lack  of 
symmetry. 

An  overhead  camshaft  is  one  of  the  features  of  the 
six-cylinder  aluminum  engine  brought  out  by  Napier  of 
Kngland  some  years  ago.  The  camshaft  is  hollow  and  is 
supported  in  seven  cast  brackets  bolted  to  the  aluminum 
cylinder-head  as  is  shown  in  Fig.  3.  It  is  located  cen- 
trally above  the  cylinders.  The  valves  are  staggered,  one 
being  on  one  side  of  the  camshaft  and  the  other  on  the 
opposite  side.  There  are  two  rocker-shafts  supported  on 
the  same  brackets  as  the  camshaft.  The  rockers  or  valve- 
levers  extend  underneath  the  camshaft  and  are  arranged 
so  as  to  give  a  lift  to  the  valves  greater  than  the  height 
of  the  cam  nose.  The  camshaft  drive  on  this  engine  is 
by  worm  gearing.  The  vertical  shaft  is  made  in  three 
parts:  one  carried  by  the  housing  at  the  forward  end  of 
the  crankcase;  the  second  carried  by  the  cylinder-head; 
and  the  third  an  intermediate  shaft  secured  to  the  top 
and  bottom  parts  by  flanged  couplings.  From  the  bottom 
of  the  vertical  shaft  the  oil-pump  is  driven,  while  the 
generator  and  magneto  drive  is  taken  off  at  the  joint  be- 
tween the  bottom  and  the  intermediate  section,  the  worm 
being  combined  with  a  coupling  flange. 

In  connection  with   the   Napier  camshaft  drive  a  de- 


scription may  be  given  of  its  camshaft  brake,  a  feature 
found  only  on  a  few  high-grade  engines.  A  camshaft 
brake  may  be  more  necessary  in  an  engine  having  a  worm 
drive  for  the  camshaft  than  in  an  ordinary  L-head  en- 
gine with  direct  spur-gear  drive  to  the  camshaft,  owing 
to  the  fact  that  the  worm  drive  might  permit  more  back- 
lash in  the  drive.  The  object  of  the  camshaft  brake  is, 
of  course,  to  prevent  the  camshaft  from  snapping  ahead 
as  the  nose  on  any  particular  cam  passes  its  follower. 
The  brake  consists  of  a  metal  disc  mounted  in  the  hous- 
ing of  the  worm  gear  in  such  a  manner  that  it  cannot 
rotate  but  is  forced  against  a  flange  on  the  rim  of  the 
worm  gear  by  a  coiled  spring  in  a  mounting  hub  bolted 
to  the  worm-gear  housing  from  the  outside.  Adjustment 
is  apparently  provided  for  by  washers  under  the  flange  of 
this  hub. 

Details  of  the  camshaft  drive  on  the  Lanchester  and 
Ansaldo  engines  are  presented  in  Figs.  4  and  5. 


6    -Overhead  Camshaft  Drive  on  the  Wolsklet  Engine 
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Fio.  7 — The  Upper  Portion  of  the  Wolselet  Overhead  Camshaft  Engine 


Spiral  Bevel  Gear  Drive 

Probably  the  most  prominent  make  of  small  car  em- 
ploying an  overhead  camshaft  is  the  Wolseley.  The  con- 
struction which  is  shown  in  Figs.  6  and  7  is  similar  in 
some  respects  to  that  on  the  Napier  engine  but  is  sim- 
plified. The  drive  of  the  camshaft  is  by  spiral  bevel 
gear  instead  of  worm  gear.  The  spiral  bevel  gear  drive 
is  preceded  by  a  silent  chain  drive  from  the  crankshaft 
to  a  parallel  shaft  directly  above  it,  at  a  ratio  of  1  to  1 
and  with  a  very  short  chain.  The  2  to  1  reduction 
is  obtained  by  the  lower  pair  of  bevel  gears  which 
permits  the  use  of  a  small  pair  of  gears  at  the  top, 
thus  making  for  neatness.  It  would  be  practically  im- 
possible to  obtain  this  reduction  at  the  bottom  of  the 
vertical  shaft  and  still  have  the  driving  pinion  on  the 
crankshaft,  for  the  reason  that  to  clear  the  crankshaft 
bearing  the  pinion  must  be  of  large  diameter,  and  this 
would  necessitate  such  a  large-diameter  driven  gear  that 
the  whole  drive  would  become  unduly  bulky.  As  it  is, 
the  fan-drive  pulley  is  mounted  on  a  forward  extension 
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Fir;  S — At  the  Left  the  Camshaft  Drive  Used  on  the  Bentlet 
Engine  and  at  the  Right  a  Somewhat  Unusual  Form  of  Cam- 
shaft Drive  That  Is  Used  on  the  Levland  Straight-Eight  Engine 


Fig.  9 — Overhead  Cam  Gear  on  the  Fiat  Engine 


of  the  horizontal  shaft  and  the  gear  type  oil-pump  forms 
part  of  the  mounting  of  the  vertical  shaft.  The  shafts 
of  this  drive  are  mounted  in  plain  bearings  exclusively, 
except  for  a  ball  thrust-bearing  on  the  horizontal  shaft. 
This  is  a  small-bore  four-cylinder  engine  with  the  cam- 
shaft supported  in  two  bearings  only.  To  reduce  the  un- 
supported length  as  much  as  possible,  the  two  rearmost 
cams  are  arranged  to  overhang  the  rear  bearing.  The 
general  arrangement  of  the  valves,  rocker-levers  and 
cams  is  practically  the  same  as  on  the  Napier.  Both  the 
camshaft  and  rocker-lever  shafts  are  supported  by 
brackets  on  the  cylinder-head,  the  rocker  levers  being 
located  underneath  the  camshaft  and  giving  a  greater 
lift  to  the  valves  than  what  might  be  called  the  cam 
throw.  Clearance  adjustment  is  made  by  set  screws  in 
the  ends  of  the  levers  which  are  locked  by  clamping  bolts 
in  the  split  ends  of  the  levers. 

The  spiral  bevel-gear  drive  seems  to  have  much  to 
recommend  it  for  overhead  camshaft  engines,  but  it  must 
be  realized  that  in  order  that  the  gears  may  run  together 
quietly  and  efficiently  they  must  be  adjusted  accurately. 
As  there  are  two  pairs  of  gears  four  adjustments  are  re- 
quired and  provision  must  be  made  for  any  lack  of  align- 
ment or  relative  motion  due  to  differences  in  heat  expan- 
sion between  the  upper  and  lower  bearings  of  the  vertical 
shaft. 

This  problem  has  been  attacked  by  two  engineers  of 
Bentley  Motors,  Ltd.,  an  English  company,  that  has  taken 
out  several  patents  covering  a  number  of  points  of  de- 
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Referring  to  the  left-hand  portion  of  Fig.  8,  the 
vertical  shaft  is  made  in  two  parts,  which  are  joined  by  a 
telescopic  splined  coupling.    Each  part  can  be  accurately 

adjusted  endwise   with   or   in    its   casing.      At   the   bottom 

this  is  accomplished  by  providing  the  casing  with  a 
flange,  which,  instead  of  being  bolted  directly  to  the 
crankcase.  is  provided  with  a  threaded  ring.  This  ring 
can  be  screwed  up  or  down  over  the  integral  tlange  and 
with  it  forms  a  flange  of  adjustable  thickness.  At  the 
top  a  bearing  box  a  can  be  rotated  slightly  by  inserting  a 
bar  through  the  hole  closed  by  plug  b,  and  by  being 
rotated  is  adjusted  up  or  clown  by  means  of  the  helical 
-lots  c  and  pin  screws  in  the  casing  extending  into  them. 
The  camshaft  is  held  against  endwise  motion  by  two 
thrust  bearings  at  the  forward  end,  and  can  be  adjusted 
endwise  by  simultaneously  turning  the  two  nuts  at  the 
opposite  Bides  of  these  bearings.  It  will  be  noted  that 
the  upper  part  of  the  casing  for  the  vertical  shaft  is 
integral  with  the  camshaft  casing  while  the  lower  part  is 
integral  with  the  crankcase  and  the  intermediate  part 
bolts  to  this  lower  part.  To  permit  the  complete  align- 
ment of  the  upper  and  intermediate  parts  of  the  case  the 
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Via.   10— On  no.  Hibpano-Si  iza   Enoini  i  arrangement 

FOR     ADJC8TING     THE     VaLVE    CLEARANCE     HV     INSERTING     A     SCREW     IN 

the  Valve-Stem   Is  Employed 

bolt-holes  through  the  cylinder-base  lugs  d  are  made 
oblong.  The  endwise  freedom  of  the  connecting-rods  on 
the  piston  pins  permits  of  slight  variations  in  the  posi- 
tion of  the  cylinder-block  on  the  crankcase.  It  is  thus 
possible  to  adjust  the  mesh  of  both  sets  of  gears  and  also 
the  alignment  of  the  two  parts  of  the  vertical  shaft 
housing. 

Unusual  Forms  of  Camshaft  Drive 

We  now  come  to  a  number  of  rather  radical  designs  of 
overhead  camshaft  drives  and  overhead  valve-actuating 


B*ia,     11       Sketch    Showing    thi    Relative    Position    of    Valve 

Operating   Cams  That  Act   Directly  on  Followers   Secured  to 

the  End  of  the  Valve-Stem    in  the  Hispano-Suiza  Engine 

mechanisms  that  have  become  known  through  recent 
patent  publications.  One  of  the  cars  that  has  attracted 
attention  in  the  last  year  and  a  half  is  the  Leyland 
eight-in-line.  On  the  engine  of  this  car  an  eccentric 
mechanism  is  used  for  transmitting  motion  from  a  half- 
speed  shaft  located  close  to  the  crankshaft  and  driven 
therefrom  by  a  spur  gear,  to  a  short  shaft  normally  in 
line  with  the  camshaft.  To  obviate  the  difficulties  due  to 
the  unequal  expansion  of  the  cylinder-block  and  the 
eccentric  rods,  the  short  shaft  at  the  top  has  a  support 
that  is  separate  from  the  cylinder-head  and  is  connected 
to  the  camshaft  by  an  Oldham  coupling  which  com- 
pensates for  any  slight  misalignment  between  the  driving 
and  the  driven  members.  The  eccentrics  are  apparently 
set  at  angles  of  120  deg.  This  drive  ought  to  be  com- 
mended from  the  standpoint  of  continuity.  This  con- 
struction is  illustrated  in  Fig.  8. 

A  still  more  radical  design  of  valve  gear  has  recently 
been  patented  in  England  by  the  Fiat  Co.  Upon  the 
upper  part  of  the  valve-stem  is  mounted  a  trunnion 
carrying  two  conical  rollers.  The  trunnion  is  mounted 
between  a  shoulder  on  the  valve-stem  and  a  coiled  spring 
that  is  backed  up  with  a  nut  and  lock  nut  at  the  top  of 
the  stem.  Surrounding  the  valve-stem  guide  is  a  shell 
with  opposite  vertical  slots  through  which  the  arms  of 
the  trunnion  extend.  On  ball  bearings  upon  this  shell 
are  mounted  a  pair  of  face  cams  upon  the  circumference 
of  which  are  cut  spur  teeth.     In  the  particular  design 


Fig. 


12 — Cam    Mechanism    That   Was    Used    in    the    Dawson, 
British    Car  That  Is   No  Longer  Built 


Vol.  X 


June,  1922 


No.  6 


196 


THE  -IOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


Fig.  13 — The  Bugatti  Overhead  Valve  Gear  Which  Is  Characterized  by  Curved  Quadrant-Shaped  Push-Rods  with  Rollers 

at  Both  Ends 


shown  in  Fig.  9  there  are  four  valves  in  the  cylinder- 
head  and  all  the  cams  are  geared  together.  It  is  obvious 
that  as  the  cams  are  revolved  the  valves  are  opened  and 
closed  positively,  except  for  the  slight  play  of  the  springs. 
A  valve  gear  of  this  type  should  permit  very  high  engine 
speeds,  but  the  cost  of  manufacture  is  undoubtedly  high. 

Valve  Mechanisms 

At  present  three  methods  are  in  vogue  for  the  oper- 
ation of  valves  from  overhead  camshafts:  The  cams  can 
act  directly  on  cam  followers  secured  to  the  end  of  the 
valve-stem,  as  in  the  Hispano-Suiza  engine;  single- 
armed  levers  or  adjusting  blades  can  be  interposed  be- 
tween the  cams  and  the  valve  stems ;  or  the  cams  can  act 
on  the  valves  through  the  intermediary  of  tappet  levers 
as  in  the  Liberty  aircraft  engine.  With  the  first-men- 
tioned arrangement  means  for  adjusting  the  valve  clear- 
ance must  be  provided  on  the  valve-stem  itself.  This 
problem  was  neatly  solved  by  Birkigt,  the  designer  of  the 
Hispano  engine.  He  drilled  out  the  valve-stem  and  in- 
serted a  screw  with  a  flat  head  with  slotted  rim.  Under- 
neath the  screw  head  is  a  washer  which  has  splines  or 
keys  on  its  inner  circumference  that  engage  into  slots  in 
the  end  of  the  drilled  valve-stem,  so  that  the  washer  can 
slide  longitudinally  on  the  valve-stem  for  a  limited  dis- 
tance but  cannot  rotate  with  respect  to  it.  The  valve- 
spring  presses  the  washer  strongly  against  the  screw 
head  and  the  screw  is  thus  locked.  On  the  circumference 
of  the  washer  there  are  several  radial  drill  holes.  A  pin 
wrench  is  provided  to  engage  into  the  holes  and  slots  of 


the  washer  and  screw  head  and  permit  the  adjusting 
screw  to  be  screwed  farther  into  or  out  of  the  valve-stem. 
The  details  of  this  arrangement  for  adjusting  the  valve 
clearance  are  apparent  from  an  inspection  of  Fig.  10, 
while  the  relative  positions  of  the  cams  and  the  followers 
on  the  end  of  the  valve-stems  are  brought  out  in  Fig.  11. 
Fig.  12  shows  the  system  applied  to  the  British  Dawson 
car  which  is  now  no  longer  built.  As  will  be  seen,  it  re- 
sembles the  Hispano  in  being  of  the  direct-acting  type 
and  has  similar  means  for  the  adjustment  of  valve- 
clearance.  Despite  the  prevalent  idea  that  Hispano 
claims  a  master  patent  on  direct  operation,  Dawson  con- 
tinued to  turn  out  engines  with  this  type  of  valve  system 
without  serious  interference  for  about  two  years.  The 
failure  of  the  firm  was  not  ascribable  in  any  way  to  the 
type  of  valve-gear  used  on  the  engines.    The  scope  of  the 


Fig. 


14 — Cam    .Mechanism   on  the   Rhode,   a   British   Light  Car 
Having  a  Four-Cylinder  Engine 


Fig.   15 — Valve  Operating  Details  of  the  18-Hp.   Four-Cylinder 
Phoenix  Engine 

Birkigt  Hispano  patent  apparently  covers  only  the  par- 
ticular means  of  adjustment,  including  the  pin  wrench. 

It  is,  of  course,  entirely  possible  to  arrange  overhead- 
valve  mechanisms  in  a  way  similar  to  that  used  with  the 
ordinary  L-head  engine.  That  is,  between  the  valve  and 
the  camshaft  can  be  placed  a  push-rod  which  is  provided 
with  an  adjusting  nut  or  adjusting  screw  and  lock  nut. 
The  objection  to  this  construction  is  that  it  makes  the 
engine  abnormally  high.  An  overhead  camshaft  engine 
is  much  higher  than  an  L-head  engine  in  any  case  and  if 
a  push-rod  is  placed  between  the  valves  and  the  camshaft 
the  height  of  the  engine  is  increased  by  the  length  of  the 
push-rod.     There  may  be  instances  where  this  is  of  no 
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great  consequence  aa  where  a  very  small  engine  ia  placed 

under  a  normal  sized  hood,  hut  in  i  es  it  would  be 

objectionable. 
Bugatti  developed  an  overhead  valve  gear  which  over- 
e  this  objection.     He  uses  curved  quadrant  shaped 

push-rods  with  rollers  at  both  ends.     Th  in  a  cam- 

shaft placed  centrally  over  the  engine  press  against  one 
of  these  rollers  in  a  horizontal  direction,  while  the  other 
roller  presses  vertically  down  upon  tin-  valve-stem.  The 
quadrant-shaped  push-rods  were  located  in  guides  bolted 
to  the  sides  of  the  cylindrical  camshaft  housing  with 
three  bolt.-.  The  design  illustrated  in  Pig.  IS  is  an  early 
one,  but  the  curved  push-rod  construction  has  been  re- 
tained by  Bugatti  in  a  modified  form.  In  this  early  de- 
sign the  provision  for  the  adjustment  of  the  clearance 
consisted  apparently  of  the  use  of  shims  under  the  push- 
rod  guide.  Very  frequently  in  recent  designs  the  valves 
in  the  head  are  placed  at  an  angle  to  the  axis  of  the 
cylinder,  one  valve  on  each  side  of  the  central  vertical 
plane   of  the  engine,   and  the  camshaft    is    then   placed 


Via.    16 — The    BSARDMORB    ENGINE   That    BMP  ;kd   Levers 

with  an  Offset  Camshaft  To  Operate  the  Valves 

centrally  over  the  cylinder-heads;  an  arrangement  which 
makes  for  symmetry.  On  smaller  engines  the  plan  of 
setting  the  valves  at  an  angle  is  not  so  practical,  for  it 
calls  either  for  a  wide  cover  or  makes  it  necessary  to 
leave  the  valve-springs  unprotected  and  have  the  tappet- 
levers  extend  through  the  walls  of  the  cover.  In  aircraft 
engines  this  latter  practice  is  widely  followed,  because 


Fig.    IS — The  Overhead  Cam   Mechanism  on  the  Straker-Squire 

Six-Cylinder   Engine   in    Which    the   Valves   on    the   Opposite 

Sides  Are  Outside  the  Camshaft  Casing 

dust  and  dirt  are  seldom  factors  to  be  considered  in  that 
line  and  the  additional  noise  also  is  of  no  importance. 
In  passenger-car  engines  vertical  valves  seem  to  be  pre- 
ferred and  to  make  it  possible  to  operate  these  valves 
from  a  central  camshaft  single-armed  instead  of  double- 
armed  tappet  levers  are  used.  The  two  valves  are 
sometimes  placed  on  opposite  sides  of  the  longitudinal 
central  plane  of  the  engine  and  are  offset  in  the  fore-and- 
aft  direction  sufficiently  so  that  the  two  levers  do  not 
interfere.  This  arrangement  permits  the  use  of  com- 
paratively long  lever  arms  that  reduce  the  side  pressure 
on  the  valve-stems  and  the  enclosure  of  the  entire 
mechanism  in  a  compact  housing. 

One  of  the  simplest,  in  fact  crudest,  overhead  cam- 
shaft applications  is  that  of  the  Rhode,  which  is  shown 
in  Fig.  14.  This  is  a  British  light  car  with  a  four- 
cylinder  engine  of  67-cu.  in.  capacity,  selling  at  a  low 
price.    Its  camshaft,  which  is  driven  by  a  train  of  helical 


Fig.  17 — The  Oiatto  ("am  Mechanism   (at  the  Left)  That  Kmploys  Pivoted  and  Tapered  Tongues  Interposed  Between 

thb  Cams  and  the  Valves  and  (at  the  Right)  the  Overhead  Camshaft  of  the  Ansaldo  Engine  That  Uses  Rocking 

Levers  with   Bearings  on   a   Shaft   Immediately   Above   and    Running    Parallel   to   thb   Camshaft 


Vol.   X 


June,  1922 


No.  6 


498 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


Fig.   19 — The  Overhead  Camshaft  Gear  of  the  Letland  Eight- 
Cylinder-in-Line  Engine 

pinions,  actuates  the  valves  through  levers  of  rectangular 
stock  pivoted  on  adjustable  standards  screwed  into  the 
cylinder-head  and  provided  with  a  lock  nut.  The  cam- 
shaft is  offset  from  the  valve-stem  and  the  clearance  ad- 
justment is  made  by  varying  the  height  of  the  pivot  pin 
centers.  This  implies  first  removing  the  pins  and  then 
raising  or  lowering  the  standards  in  half  turns,  a  means 
of  adjustment  which  is  not  very  precise.  As  the  drawing 
indicates,  individual  oil  drips  from  an  oil  pipe  running 
from  one  to  the  other  of  the  pressure-fed  camshaft  bear- 
ings are  provided  for  the  cams. 

A  British  chassis  of  moderate  price,  with  a  four- 
cylinder  engine  of  180-cu.  in.  capacity  having  an  over- 
head camshaft,  is  the  18-hp.  Phoenix,  of  which  the  valve- 
operating  details  are  shown  in  Fig.  15.  This  also  has 
pivoted  levers  interposed  between  the  valves  and  an  off- 
set camshaft,  but  the  levers  in  this  case  are  built  up  and 
somewhat  resemble  the  links  of  a  roller  chain;  in  fact, 
the  cam  makes  contact  with  a  roller  on  the  intermediate 
cross-pin.  Provision  for  clearance  adjustment  consists 
of  cap  nuts  on  the  valve-stems;  the  lubrication  system 
includes  pressure  feed  to  the  shaft  bearings  and  separate 
drips  onto  the  cams  from  a  longitudinal  pipe  not  shown 
in  the  illustration.  The  drive  is  by  helical  gears  and  a 
vertical  shaft  having  a  dog  coupling  that  is  provided 
with  offset  jaws  to  ensure  correct  reengagement  within 
limits. 

The  Beardmore  engine,  illustrated  in  Fig.  16,  also 
comes  within  the  pivoted-lever  class  with  an  offset  cam- 
shaft, though  in  this  case  the  levers  for  inlet  and  exhaust- 
valves  respectively  are  pivoted  on  opposite  sides  of  the 
cylinder-heads.  The  lubrication  details  are  similar  to 
those  of  the  Phoenix.  Small  leaf-springs  prevent  chatter- 
ing of  the  levers.  Pairs  of  levers  are  separated  on  their 
pivot  shaft  by  helical  springs  that  take  up  end  play  and 
allow  the  levers  to  be  moved  to  one  side  to  facilitate  valve 
removal  and  clearance  adjustment.  The  means  for  doing 
this  consists  of  threaded  studs  in  the  lever  ends  that 
make  contact  with  the  valve-stems  and  are  locked  by  a 
pinch  bolt. 

A  design  of  distinct  interest  is  that  of  the  Diatto,  which 


is  shown  in  Fig.  17  at  the  left.  This  has  pivoted  and 
tapered  tongues  interposed  between  cams  and  valves,  the 
camshaft  center  being  immediately  over  the  valve-stem 
centers.  The  clearance  adjustmeBt  is  effected  by  moving 
the  tongue  toward  or  away  from  the  camshaft  center-line, 
the  horizontal  supports  being  threaded,  located  in  clear- 
ance holes  and  locked  by  nuts  in  the  wall  of  the  overhead 
"alve-chamber  as  shown.  Without  being  crude  this  is  a 
simple  design  that  should  lend  itself  to  economical  pro- 
duction far  better  than  many  overhead  camshaft  arrange- 
ments. The  angularity  of  the  tongues  must  be  large  at 
full  valve-openings  and  would  be  liable  to  result  in  undue 
side  thrust  on  the  valve-stems,  but  there  appears  to  be  no 
valid  reason  why  the  tongues  should  not  be  longer  and 
pivoted  farther  away  from  the  valves  to  reduce  the 
angularity  and  the  side  thrust.  With  efficient  lubrication 
the  wear  of  the  tongues  should  not  be  excessive.  In  any 
case  they  could  be  made  easily  and  cheaply  renewable. 

Typical  of  many  other  overhead  camshaft  designs,  the 
Italian  Ansaldo  shown  in  the  right  half  of  Fig.  17  is  in 
the  class  embodying  rocking  levers  with  bearings  on  a 
shaft  immediately  above  and  running  parallel  to  the  cam- 
shaft from  end  to  end,  with  the  valves  on  opposite  sides 
of  the  cylinder-head.  The  valves  are  usually,  as  in  the 
Ansaldo,  outwardly  inclined  at  a  slight  angle  from  the 
vertical.  Although  in  the  case  illustrated  the  clearance 
adjustments  are  on  the  valve-stems,  set  screws  and  pinch 
bolts  in  the  outer  ends  of  the  rockers  are  more  in  favor. 

The  Straker  Squire  arrangement,  illustrated  in  Fig.  18, 
is  unusual  in  two  respects :  In  the  first  place  it  is  used 
on  a  six-cylinder  engine  with  separate  cylinders;  in  the 
second  place  the  valves  on  opposite  sides  are  outside  the 
camshaft  casing.  The  drawing  is  practically  self- 
explanatory,  except  that  it  does  not  show  that  the  cam- 
shaft casing  is  a  unit  casting  running  from  end  to  end 
of  the  cylinders  and  secured  to  them  by  the  studs  and 
nuts  that  hold  in  place  the  individual  cover-plates  that 
bear  the  roller-ended  rockers.  The  drive  in  this  case  is 
by  bevel  gears  at  each  end  of  a  vertical  shaft. 

Still  more  unconventional  is  the  Leyland  eight-cylinder- 
in-line  overhead  camshaft  gear,  illustrated  in  Fig.  19,  the 
drive  for  which  already  has  been  described.  Only  one 
cam  is  used  for  the  inlet  and  exhaust-valves  of  each 
cylinder,  the  cam  acting  upon  slipper  followers  pivoted 
to  built-up  rockers.  These  at  their  outer  ends  bear  upon 
T-pieces  screwed  into  the  hollow  valve-stems,  while  the 
springs  are  semi-elliptic  laminated  units  forked  at  their 
ends  to  engage  with  and  exert  a  lifting  pressure  on  the 
T-pieces  and  through  them  upon  the  valves.  With  a  total 
disregard  for  the  cost  of  production,  the  Leyland  at 
£10,500  for  the  chassis  is  the  most  expensive  British  car, 
the  designer  having  evidently  aimed  at  securing  silent 
operation  by  endeavoring  to  prevent  valve-spring  re- 
bound and  so  adopted  the  laminated  type.  The  pivoted 
slipper  followers  may  also  have  appeared  to  hold  out 
possibilities  in  the  same  direction,  but  by  being  satisfied 
with  the  compromise  valve-opening  diagram  that  is 
obviously  necessitated  by  using  the  same  cam  for  inlet 
and  exhaust,  he  would  seem  to  have  nullified  any  gain  in 
efficiency  that  might  have  been  produced  by  the  overhead 
valves. 
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THE  paper  deals  with  storage  batteries  suitable  for 
the  propulsion  of  vehicles.  The  service  required  is 
much  more  arduous  and  such  batteries  are  of  a  much 
heavier  type  than  that  needed  for  starting  service. 

The  necessity  of  proper  storage-battery  charging  is 
emphasized  and  the  elementary  principles  of  the  stor- 
age-battery arc  reviewed,  a  description  following  of 
the  evolution  of  the  modern  storage-battery  and  its  de- 
velopment with  regard  to  commercial  production  and 
safety  from  mechanical  and  other  injuries.  Illustra- 
tions of  this  modern  type  of  battery  are  presented  and 
its  advantages  and  characteristics  enumerated  and 
commented  upon  at  some  length,  inclusive  of  difficulties 
that  have  been  met  and  largely  overcome. 

Methods  of  automatic  charge-control  and  cut-off  are 
discussed  and  charts  presented  to  show  the  results  ob- 
tained through  use  of  automatic  devices  such  as  the 
ampere-hour  meter.  The  two-step  method  of  charge  is 
described  and  various  applications  of  the  storage-bat- 
tery to  modern  usage  are  mentioned. 

THE  title  of  this  paper  does  not  refer  to  starting 
batteries  for  internal-combustion  engines.  By 
motive-power  storage-batteries  we  mean  batteries 
used  for  the  propulsion  of  any  kind  of  vehicle.  This 
includes  batteries  suitable  for  industrial  trucks  or  trac- 
tors, the  different  kinds  of  storage-battery  locomotive  for 
use  both  in  mines  and  for  surface  hauling  and  com- 
mercial street  vehicles  such  as  trucks  and  passenger- 
cars.  The  service  required  is  much  harder  and  the 
battery  is  of  a  much  heavier  type  than  is  needed  for 
starting  an   internal-combustion  engine. 

To  be  successful,  a  battery-propelled  vehicle  must  be 
designed  properly  and  be  equipped  with  the  correct  type 
and  size  of  battery'  but  its  success  still  depends  absolutely 
upon  the  proper  functioning  of  the  battery.  This  seems 
to  have  been  largely  overlooked;  at  any  rate,  in  the  case 
of  many  battery-propelled  vehicles  very  little  attention 
has  been  paid  to  correct  charging,  upon  which  probably 
more  than  half  of  the  success  of  the  vehicle  depends. 
Conditions  vary  in  different  types  of  service,  and  charg- 
ing methods  that  are  best  for  one  type  are  not  the  best 
for  another.  After  a  very  wide  experience  extending 
over  many  years,  we  have  concluded  that  the  full-auto- 
matic system  of  charging  is  the  best  and  about  the  only 
practical  one  for  motive-power  service.  We  have  tried 
the  manual  and  the  semi-automatic  systems  and  find  that 
there  is  no  comparison  with  the  full-automatic  system 
in  either  the  simplicity  of  maintenance  or  the  results  ob- 
tained. We  do  not  expect  any  better  results  from  the 
automatic  system  than  we  have  obtained  already  from 
the  manual  in  individual  cases  where  the  conditions 
happened  to  be  right,  but  we  do  know  from  experience 
that  with  the  former  we  can  make  the  average  results 
approach  much  more  closely  to  the  maximum. 

The  automatic  charging  of  storage  batteries  is  not  a 
new  idea;   it  has  been  used  for  many  years  in  certain 


1  M.S.A.E — Engineer,     operating     department.     Electric     Storage 
Battery  Co..  Chicago 


classes  of  service,  but  on  a  different  basis.  The  practice 
has  been  to  use  it  only  where  manual  methods  were  im- 
practical and  to  reproduce  manual  methods  mechanically. 
The  resultant  apparatus  is  complicated  and  the  service 
far  from  satisfactory.  For  example,  automatic  opera- 
tion has  been  used  for  years  for  isolated  gasoline-electric 
plants,  and  for  steam-car  lighting-equipment;  more  re- 
cently we  have  had  the  starting  and  lighting  batteries 
on  gasoline  cars.  The  theory,  however,  has  been  largely 
to  follow  the  manual  method  of  charging  at  a  constant 
rate,  some  automatic  device  being  used  to  stop  the  charge 
at  a  specified  voltage-limit.  Although  results  of  some 
value  can  be  obtained,  these  methods  are  basically  weak 
and  on  this  account  their  use  has  been  limited. 

About  10  years  ago  we  brought  out  a  steam-car  light- 
ing-system that  was  fundamentally  different  from  the 
rest.  Instead  of  using  a  constant  current  with  a  voltage 
cut-off,  we  reversed  the  operation  and  applied  a  rather 
low  constant  voltage.  This  gives  a  taper  charge  due  to 
the  rise  in  the  battery  voltage  as  the  charge  progresses 
and  the  current  tapers  down  almost  to  zero  when  the 
battery  is  fully  charged.  This  system  is  one  of  the 
best  examples  of  automatic  charging  to-day.  It  remains 
almost  unchanged  and  produces  excellent  results  but, 
unfortunately,  its  field  of  usefulness  is  somewhat  limited. 

The  Pullman  Co.  brought  out  an  improvement  a  few 
years  later.  This  involved  using  its  old  car-lighting 
system  and  approximately  a  constant-current  charge 
automatically  controlled,  and  applying  an  ampere-hour 
meter  cut-off  in  place  of  a  fixed  voltage  cut-off.  The 
system  requires  some  adjustment  and  is  complicated 
but,  where  the  conditions  are  favorable,  it  approaches 
closely  the  results  obtained  from  the  constant-voltage 
system. 

With  the  rapid  growth  of  industrial  electric  trucks  and 
locomotives  a  demand  was  created  for  the  elimination  of 
the  charging  problem,  chiefly  because  of  the  class  of  labor 
involved.  A  thorough  study  of  the  problem  was  made 
and  a  system  was  laid  out  based  on  the  inherent  control 
characteristics  of  the  storage  battery,  using  the  best 
experience  of  previous  practice.  It  was  found  that  not 
only  a  system,  but  equipment  as  well  had  to  be  developed. 
For  example,  although  the  ampere-hour  meter  was  on 
the  market,  it  was  far  from  its  present  development. 
Suitable  charging  plugs,  resistances  and  circuit-breakers 
were  not  available.  The  development  has  now  reached  a 
stage  where  we  can  cite  actual  practice. 

Our  automatic  charge-control  system  has  been  in 
service  in  large  fleets  for  approximately  4  years  and  has 
exceeded  our  expectations.  We  are  no  longer  recommend- 
ing the  automatic  system  simply  as  a  substitute  for 
manual  operation  where  that  is  not  practicable,  but 
rather  in  place  of  it  because,  through  its  use,  we  can 
obtain  results  that  we  have  been  unable  to  obtain  in  any 
other  way.  For  example;  the  first  battery  that  went 
out  with  the  constant-voltage  car-lighting  system  is  still 
in  operation  after  over  8  years  of  service.     We  can  say 
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that  the  plates  could  not  have  been  in  better  condition 
if  they  had  been  operated  under  the  best  manual  control. 
One  of  our  first  motive-power  installations  was  in  con- 
nection with  two  industrial-truck  batteries,  charged  at 
night  and  cut-off  by  a  night  watchman  when  he  happened 
to  remember  it.  The  result  was  that  one  battery  was 
practically  burned  up  within  6  months.  We  then  in- 
stalled the  automatic  system.  This  fleet  now  consists 
of  nine  trucks;  the  original  batteries  have  been  in  use 
for  3J2  years  and  are  still  giving  good  service.  We  in- 
stalled a  large  fleet  of  electric  locomotives  equipped  with 
what  might  be  called  a  semi-automatic  system.  An  auto- 
matic charge  cut-off  was  provided,  but  the  charging  cur- 
rent was  under  hand  control.  Within  less  than  a  year 
we  experienced  trouble.  The  men  supervising  the  battery 
charging  were  given  overtime  to  complete  the  charge, 
whether  that  time  was  required  or  not.  They  found  that 
by  raising  the  rate  the  batteries  became  charged  more 
quickly  and  they  could  get  home  that  much  sooner.  The 
consequence  was  that  the  batteries  were  sadly  over- 
heated, with  resulting  injury.  Arrangements  were  then 
made  for  automatic  rate  control  as  well  as  automatic  cut- 
off. The  battery  temperature  dropped  15  deg.  in  1 
month.  Heat  is  one  of  the  worst  enemies  of  the  storage- 
battery.  These  instances  should  give  some  idea  of  what 
the  full-automatic  system  will  accomplish  and  why  we 
consider  it  the  only  practical  system  for  this  class  of 
service. 

Storage-Battery  Principles 

It  will  be  easier  to  explain  the  development  of  the 
full-automatic  charging-system  if  we  first  scan  some  of 
the  general  principles  of  the  storage-battery.  The  first 
question  that  arises  is  why  we  use  a  storage-battery  for 
the  propulsion  of  vehicles  instead  of  some  other  means. 
The  storage-battery  is  one  the  simplest  as  well  as  most 
reliable  pieces  of  apparatus  available.  Its  very  reliability 
is  one  of  its  weaknesses.  The  fact  that  a  battery  will 
operate  for  long  periods  after  it  needs  attention  results 
in  its  being  often  neglected  until  it  is  permanently  in- 
jured. Most  people  think  of  a  storage  battery  as  being 
heavy,  whereas,  from  an  energy  storage  standpoint,  it  is 
relatively  very  light.     A  rubber  band  will  store  sufficient 
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energy  to  lift  its  own  weight  300  ft. ;  and  a  steel  spring 
about  500  ft.  Compressed  air,  at  1000-lb.  per  sq.  in. 
pressure,  will  lift  its  own  weight,  including  the  weight  of 
the  steel  tanks,  some  7000  ft. ;  whereas  a  storage  bat- 
tery will  lift  its  own  weight  nearly  5  miles,  about  S1^ 
times  the  lift  of  its  nearest  competitor. 

The  storage  battery  was  discovered  by  accident. 
About  1860  a  Frenchman  named  Plante,  while  investi- 
gating the  principles  of  electrolytic  cells,  submerged 
two  strips  of  lead  in  a  dilute  solution  of  sulphuric  acid 
and  water  and  passed  an  electric  current  through  them 
from  an  outside  source.  The  two  ends  of  the  circuit 
accidently  came  together  and  he  noticed  that  a  meter  in 
the  circuit  gave  a  reverse  deflection,  this  indicating  a 
discharge,  and  that  he  was  getting  back  some  of  the  cur- 
rent that  had  been  put  into  the  cell.  He  realized  at 
once  that  he  had  discovered  a  means  for  storing  elec- 
tricity and  from  this  simple  model,  unchanged  in  prin- 
ciple, we  have  the  storage-battery  of  to-day. 

The  reason  for  the  storage  ability  of  this  simple 
model  is  not  difficult  to  state.  Chemistry  teaches  that 
energy  is  always  either  released  or  absorbed  when  dif- 
ferent elements  combine,  and  that  when  the  conditions 
are  favorable  this  energy  can  be  made  to  show  itself 
in  the  form  of  an  electric  current.  In  Plante's  cell  we 
have  two  elements,  sulphuric  acid  and  lead.  During 
discharge  these  combine,  forming  a  salt  of  lead  known 
as  sulphate  of  lead.  During  charge,  the  lead  sulphate 
is  broken  up,  the  acid  is  returned  to  the  solution  and  the 
lead  is  brought  back  to  its  original  condition.  It  should 
be  noted  that  in  this  cycle  nothing  is  lost,  none  of  the 
chemical  elements  are  used  up  and  therefore  nothing 
need  be  replaced.  There  is  a  general  idea  that  the  acid 
in  a  cell  is  used  up  during  charge  and  discharge  and 
must  be  replaced.  During  discharge,  the  elements  com- 
bine and  form  lead  sulphate  and  this  combination  re- 
leases energy  in  the  form  of  an  electrical  current,  but 
during  charge  the  process  is  completely  reversed,  the 
combination  is  broken  up  and  all  of  the  acid  is  restored 
to  the  solution. 

The  Modern  Storage-Battery 

The  modern  storage-battery  is  not  so  simple  as 
Plante's  two  pieces  of  lead  immersed  in  a  dilute  solution 
of  sulphuric  acid  and  water,  but  the  principle  is  identi- 
cally the  same  and  the  development  has  been  almost 
wholly  mechanical.  Fig.  1  shows  the  parts  and  assembly 
of  a  typical  battery.  A  plate  consists  of  a  grid  cast 
from  lead  alloy  which  acts  as  a  mechanical  holder  for 
the  finely  divided  lead  that  constitutes  the  active  ma- 
terial. To  obtain  capacity  the  surface  area  of  the  plate 
must  be  large.  We  could  accomplish  this  by  simply 
making  the  plate  very  large,  but  it  would  soon  become 
too  big  to  handle  conveniently;  so  we  cut  it  into  a  num- 
ber of  sections  and  weld  them  to  a  cross-bar.  This 
forms  a  group  that  is  really  a  large  plate  cut  into  sec- 
tions, acting  otherwise  as  a  single  large  plate.  A  positive 
group  and  a  negative  group  assembled  with  separators 
for  spacing  and  insulating  the  plates  constitute  a  com- 
plete element.  An  element,  a  jar  and  cover,  the  sealing 
compound  and  the  electrolyte  form  a  complete  cell ;  one  or 
more  cells,  cell  connections,  terminal  connections  and 
trays  constitute  a  complete  battery. 

The  Ironclad  positive  plate  which  we  are  using  in 
motive-power  service  is  shown  at  the  left  of  Fig.  2.  In 
principle  it  is  identical  with  a  simple  strip  of  lead,  but 
it  has  been  developed  mechanically  so  that  it  will  give  far 
better  service.  The  plate  consists  of  a  number  of  tubes 
joined   by   a   metal   bar   at   the   top  and   bottom.      The 
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tubes  an  Of  hard   rubber  and  are   slotted  or  lam- 

inated horizontally  to  allow  the  electrolyte  to  circulate 
through  the  wall  to  the  finely  divided  lead  or  active  ma- 
terial with  which  they  are  idled.    The  finely  divided  lead 

.surrounds  a  core  of  lead  alloy  that  aits  as  the  conductor. 
This  plate  is  based  originally  upon  a  French  design,  ["he 
French  plate,  however,  wa.-  impractical  from  a  manufac- 
turing standpoint  and  it  has  taken  many  yean  t<>  develop 
the  plate  commercially.  This  design  results  in  a  maxi- 
mum surface  since  the  entire  surface  of  the  cylind 

Kposed  to  the  electrolyte  and  the  rubber  sheathing 
holds  the  active  material  in  place.  This  greatly  in- 
creases the  life  of  the  plate,  which  is  roughly  from  two 
to   three   times    that    of   the    unproti  late.      The   ca- 

pacity   also    is    greater    and.    due    to    its    protection    and 

rugged  construction,  this  plate  will  withstand  consider- 
ably more  abuse  than  an  equivalent  flat  plate.  These 
characteristics   indicate   thi  on  of   this  plate   for 

motive-power  Bervice,  as  the  conditions  are  apt  to  he  \er\ 
ere. 


i"       !      \t  nit:   Ldt  the   Positive    Plate   vr   a    Mottve-Powbr 
■.e-Battery  ;   Is-   the   center  a   Negative    I'i  ate  -and   at  the 
Right  a  complete  cell 


A  negative  plate,  such  as  is  shown  in  the  center  of 
Fig.  2.  is  not  subject  to  the  same  action  as  a  positive, 
and  so  does  not  require  the  same  protection.  On  this 
account  a  fiat  plate  lias  been  selected  and  iound  per- 
fectly practical  for  this  cell.  The  two  small  feet  at  the 
bottom,  also  seen  in  the  complete  cell  at  the  right,  de- 
serve attention.  As  will  be  noticed,  the  plates  are  sup- 
ported on  four  bridges.  The  feet  of  the  negative  plates 
are  offset  as  compared  with  the  feet  of  the  positive  plates 
so  that  the  negative  plates  rest  on  two  of  the  bridges 
and  the  positive  plates  on  the  other  two  bridges.  Thus, 
the  positive  and  the  negative  plates  do  not  rest  on  the 
same  bridges  and  sediment  collecting  on  top  of  the 
bridges  can  join  only  plates  of  like  polarity  and  will  not 
short-circuit  the  cell.  These  feet  also  permit  the  use 
of  a  thin  wooden  diaphragm,  not  over  1  16  in.  thick  and 
longer  than  the  plates,  as  a  separator.  This  prevents 
bridging  of  the  material  between  the  plates  at  the  bottom, 
a  trouble  that  sometimes  occurs  in  the  old  construction. 

In  the  early  days  of  motive-power  service,  especially 
in  mine  locomotives  where  the  mechanical  conditions  are 
probably  more  severe  than  in  any  other  type  of  service, 
we  had  a  great  amount  of  jar  breakage.  This  resulted 
in  the  development  of  the  special  so-called  giant  jar 
which  is  practically  unbreakable  in  normal  use.  It 
was  first  used  in  mine  locomotives  but  has  since  been 
adopted  for  nearly  all  types  of  motive-power  service. 

The  two  problems  to  be  solved  in  automatic  charging 
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are,  first,  the  control  of  the  charging  rate  and,  second, 
the  cut-off.  Neither  one  alone  solves  the  problem  and 
experience  has  shown  that  the  full-automatic  system  is 
the  only  safe  one  for  motive-power  service.  The  rule 
for  determining  the  proper  charging  rate  is  simple.  As 
I  have  explained,  we  must  avoid  gassing  and  heating. 
These  effects  are  closely  related  and  if  we  avoid  one  we 
are  apt  to  escape  the  other.  Any  system  that  avoids 
mg  and  heating  is  safe  so  far  as  the  battery  is  con- 
cerned, no  matter  how  high  or  how  low  the  charging 
current  is. 

Fig.  3  shows  three  characteristic  curves,  indicating 
the  behavior  of  the  voltage,  specific  gravity  and  gassing, 
during  a  normal  charge  at  a  constant  rate.  As  will  be 
noted,  the  voltage  gradually  increases  as  the  charge 
progresses;  toward  the  end  the  curve  rises  sharply,  then 
bends  over  and  finally  reaches  a  maximum  beyond  which 
it  will  show  no  further  increase  no  matter  how  long  the 
charge  is  kept  on.  This  maximum  indicates  the  state  of 
complete  charge.  The  specific  gravity  behaves  very  much 
in  the  same  manner.  Gassing  is  very  slight  during  the 
major  part  of  the  charge;  there  is  a  burst  of  gas  near 
the  end  of  the  charge;  the  curve  then  tends  to  flatten 
out  and  reach  a  maximum.  An  interesting  feature  of  the 
gassing  curve,  bearing  on  automatic  control,  is  the  fact 
that  gassing  in  any  considerable  quantity  is  not  shown 
below  2.35  volts  per  cell.  From  these  curves  we  can 
deduce  the  following  general  principles.  The  voltage  of 
a  cell  rises  during  charge  and  to  charge  at  a  constant 
current  it  is  necessary  to   increase  the  applied   voltage 
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gradually.  Conversely,  if  a  fixed  voltage  is  applied  the 
current  will  taper  and  gradually  become  less  as  the 
charge  progresses  and,  if  the  voltage  applied  does  not 
exceed  2.35  per  cell,  there  is  no  serious  danger  from 
gassing  or  heating. 

Fig.  4  shows  curves  illustrating  different  characteris- 
tics resulting  from  the  application  of  a  constant  voltage 
to  a  discharged  battery,  with  or  without  a  fixed  series 
resistance.  Depending  upon  whether  the  fixed  resistance 
is  used  or  not,  this  system  is  known  as  the  modified 
constant  voltage,  or  the  constant-voltage  system.  The 
first  curve  illustrates  the  application  of  a  constant  vol- 
tage of  2.25  per  cell  without  series  resistance,  and  this 
comes  under  the  constant-voltage  classification.  It  also 
represents  the  combination  used  in  the  case  of  the  con- 
stant-voltage car-lighting  system  already  mentioned.  As 
will  be  seen,  even  at  this  voltage,  which  is  considerably 
below  that  of  the  gassing  point,  2.35  volts,  the  current 
starts  at  an  extremely  high  value  and  then  tapers  rapidly 
to  a  very  low  value.  It  is  due  to  this  very  low  final  cur- 
rent that  no  charge  cut-off  is  required  in  the  car-lighting 
system.  The  current  starts  at  two  or  three  times  the 
normal  rate  if  the  battery  is  fully  discharged,  and  tapers 
down  to  about  5  per  cent  of  the  normal  rate  when  the 
battery  is  charged.  While  this  particular  system  re- 
quires no  cut-off,  it  is  limited  in  its  application  because 
considerable  time  is  required  for  a  complete  charge,  on 
account  of  the  low  charging-rate  during  the  latter  part 
of  the  charge,  and  this  time  is  too  great  for  motive- 
power  service.  In  car-lighting  service,  however,  the 
conditions  are  different  and  this  does  not  constitute  very 
serious  objection.  In  the  case  of  a  fleet  of  trucks  the 
high  starting  rate  is  objectionable  on  account  of  the 
load  factor.  Therefore,  to  obtain  a  practical  charging 
system,  we  must  find  some  means  to  reduce  the  high 
starting-rate  and  raise  the  low  finishing  rate.  We  can 
raise  the  low  finishing-rate  by  increasing  the  applied 
voltage.  This  will  of  course  increase  the  already  high 
starting-current,  but  this  can  be  reduced  by  introducing 
a  very  low  series  resistance  into  the  circuit;  this  resis- 
tance will  be  so  low  that  it  will  have  practically  no  effect 
upon  the  finishing  rate.  We  thus  have  the  so-called 
modified  constant-voltage  system. 

The  second  curve,  Fig.  4,  is  obtained  by  applying  a 


175       1300 

2.7 

50       1275 

Z.b 

V 

_c 

<i= 

125   a?l250 

2.5 

.5 

Z-^ 

100  §  1225 

> 

?4^ 

E- 

llj 

E 

O 

C- 

T3 

* 

-t- 

75    1  1200 

u2.3-° 

U- 

in 

3 

O 

■XL 

50    i  1175 

2/2 

<u 

c- 

E 

< 
25         1150 

2.1 

5  4 

Time.hr. 


1125      2.0 


175       1300      21 


150    .  1215       26 


I25-Sl?50      t5 

V 

1      5" 

- 

00  |_I225  5  2.4 

u 

E         ^ 

V 

£          u 

75    £  1200  g  Z3 

7; 

> 

o 

50  f  1115      « 

E 

zs  <  1150    w 

1125  .    2.0 


7ime.hr. 


KiG.    6- 


-Curves  of  Actual  Readings  Taken  During  a  Slower 
Charge  Requiring  Approximately  8  Hr. 


Fig.   5 — Curves  of  Actual  Readings  Taken  During  a  Quick 
i'uarge  Requiring  About  5  Hr. 


voltage  of  2.53  with  a  series  resistance  of  about  0.00306 
ohm  per  cell.  As  is  shown  the  current  now  starts  at 
a  lower  point,  holds  up  much  more  steadily,  finishes  at 
a  higher  point  and  the  charge  is  completed  in  about  5  hr. 
under  perfectly  safe  conditions;  in  fact,  in  the  case  of 
one  fleet  of  locomotives  that  has  been  in  service  more 
than  2  years,  only  4  hr.  is  available  for  the  charge  on 
account  of  the  arrangement  of  shifts  and,  while  this  is 
an  extreme  case,  it  is  being  handled  automatically. 

The  third  curve,  Fig.  4,  shows  the  results  obtained 
from  a  higher  applied  voltage,  2.63,  and  a  higher  series 
resistance  of  0.0095  ohm.  The  curve  starts  at  a  still 
lower  current  value,  ends  at  the  finishing  rate  and  the 
charging  time  is  increased  to  8  hr.  It  will  thus  be  seen 
that  with  this  simple  system,  depending  upon  the  in- 
herent characteristics  of  the  cell,  we  can  obtain  auto- 
matically almost  any  value  of  charging  current.  This 
is  the  basis  of  our  whole  system  so  far  as  the  rate  con- 
trol is  concerned. 

The  curves  in  Figs.  5  and  6  show  actual  readings  taken 
during  charge,  the  first  representing  a  quick  charge  re- 
quiring about  5  hr.  and  the  other  a  slower  charge  requir- 
ing about  8  hr.,  together  with  the  voltage  and  fixed  re- 
sistances used  in  each  case. 

Another  method  of  arriving  at  this  same  result  is  to 
design  a  generator  with  the  proper  characteristic  to 
give  battery-voltage  and  current  curves  similar  to  those 
shown  in  Figs.  5  and  6.  We  then  get  the  same  current 
characteristic  without  the  use  of  the  series  resistance. 
This  is  the  basis  of  the  small  motor-generator  charging 
outfits  with  inherent  taper-current  characteristics  that 
are  so  largely  used.  The  proper  characteristic  is  ob- 
tained either  through  a  rather  large  armature  reaction 
in  the  case  of  a  shunt  generator  or  by  the  use  of  an 
inverted  series  field,  so,  the  voltage  increases  slightly 
as  the  load  on  the  machine  decreases.  These  motor- 
generator  sets  are  applicable  only  to  charging  one 
battery,  or  two  at  the  most,  since  a  generator  cannot  be 
designed  with  the  proper  characteristic  for  simultane- 
ously charging  several  batteries  in  different  states  of 
discharge.  On  this  account  the  modified  constant- 
voltage  system  generally  is  used  for  large  fleets. 

Methods  of  Cut-Off 

The  question  of  the  automatic-charge  cut-off  is  not 
so  simple.  Fig.  7  shows  curves  giving  the  voltage  and 
gravity  characteristics  during  a  constant-current  charge. 
As  already  explained,  the  voltage  curve  rises  gradually 
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during  the  bulk  of  the  charge,  much  more  rapidly  just 
at  the  end  and  then  bends  over  and  reaches  a  maximum, 
which  is  the  voltage  indication  of  the  full  charge.  The 
voltage  was  one  of  the  first  means  employed  as  an  auto- 
matic cut-off,  but  it  is  a  difficult  problem  and  has  never 
been  very  successful.  Any  apparatus  for  showing  when 
a  maximum  voltage  is  reached  is  complicated  and  would 
hardly  be  practicable  in  regular  service.  The  actual 
voltage  at  which  the  cell  is  charged  varies  through  wide 
limits.  At  high  temperatures,  the  maximum  reading 
may  not  reach  2.4  volts,  whereas  at  extremely  low  tem- 
perature it  has  been  known  to  go  above  3.0  volts.  There 
is  no  fixed  voltage  that  will  indicate  when  a  battery 
is  charged  under  varying  temperatures.  Further,  the 
voltage  depends  directly  upon  the  charging  rate.  If 
the  charging  current  varies,  the  final  voltage  will  vary. 
Finally,  it  depends  upon  the  age  of  the  cell  and  the 
strength  of  the  electrolyte,  and  so  many  allowances  are 
required  that  it  has  proved  far  from  successful.  The 
voltage  cut-off  has  been  used  on  a  large  scale  in  car 
lighting,  but  the  so-called  stop  charges  have  been 
eliminated  frequently  because  in  many  cases  they  inter- 
fered with  rather  than  helped  the  operation. 

The  specific-gravity  reading  rises  during  charge  much 
the  same  as  the  voltage  and  therefore  can  be  used  to 
cut-off  the  charge.  This  method  has  been  employed 
in  some  types  of  stationary  service,  but  it  is  decidedly 
difficult  to  get  an  accurate  specific-gravity  reading  in 
motive-power  assemblies,  so  that  this  method  is  almost 
out  of  the  question  for  this  service.  The  specific-gravity 
cut-off  has  most  of  the  objections  that  apply  to  the 
voltage  cut-off,  its  only  advantage  being  that  it  is  not 
so  seriously  affected  by  the  charging  rate. 

The  specific-gravity  curve.  Fig.  7,  shows  a  slight 
irregularity  near  the  end.  This  was  formerly  attributed 
to  inaccuracy  in  the  reading  but,  when  recording  hydro- 
meters were  developed,  they  showed  it  to  be  a  regular 
characteristic.  It  is  due  to  the  rapid  increase  in  the 
amount  of  gassing  which  occurs  at  this  point.  The 
combination  of  gas  and  electrolyte  is  lighter  than  solid 
electrolyte;  so,  the  specific-gravity  rise  will  be  checked 
temporarily. 

The  ampere-hour  efficiency  of  the  cell  is  one  of  its 
most  uniform  characteristics.  If  100  amp.  hr.  is  taken 
out  of  a  battery  of  given  size,  a  close  estimate  can  be 
made  as  to  how  many  ampere-hours  will  be  needed  to 
charge  it.  This  ratio  is  called  the  percentage  of  over- 
charge. It  is  not  subject  to  many  of  the  variations 
which  apply  to  voltage  or  specific   gravity  and,  within 


a  small  percentage,  it  is  independent  of  temperature,  the 
age  of  the  battery  or  t  ht-  charge  and  discharge  ra 

The  Ampere-Hour  Meter 

The  ampere-hour-efficiency  method  depends  upon  some 
instrument  for  measuring  the  output  and  input  in  terms 
of  ampere-hours.  The  ampere-hour  meter  is  such  an 
instrument.  This  is  the  instrument  already  mentioned 
as  having  been  applied  to  the  cars  of  the  Pullman  Co., 
and  a  decided  improvement  resulting.  In  fact,  the  ad- 
dition of  the  ampere-hour  meter  has  been  responsible 
to  a  large  extent  for  more  than  doubling  the  life  of  the 
batteries  in  this  installation.  The  ampere-hour  meter 
is  shown  in  Fig.  8  at  the  left.  It  is  simply  a  quantity 
meter  and  measures  the  product  of  current  and  time, 
or  ampere-hours.  The  pointer  moves  clockwise  when  the 
current  flows  in  one  direction,  and  counterclockwise  when 
the  current  flows  in  the  opposite  direction,  thus  register- 
ing charge  and  discharge.  Further,  it  is  designed  so 
that  it  can  be  made  to  run  at  any  given  percentage 
slower  in  one  direction  than  in  the  other.  Hence,  when 
the  pointer  gets  back  to  zero  it  is  indicated  that  a 
fixed  percentage  of  overcharge  has  been  put  into  the 
battery  and  that  the  charge  is  complete.  The  meters  are 
equipped  with  a  contact  at  zero  that  permits  opening 
a  shunt  trip  circuit-breaker  and  cutting  off  the  charge 
when  the  zero  point  is  reached.  In  other  words,  with 
this  combination  we  have  an  automatic  charge  cut-off 
based  upon  the  ampere-hour-efficiency  principle  which 
has  proved  the  best  if  not  the  only  practical  method 
to  date. 

We  have  encountered  prejudice  against  the  use  of 
ampere-hour  meters,  much  of  it  being  founded  upon 
mistaken  ideas.  For  example,  there  are  several  different 
grades  or  sizes  of  ampere-hour  meter  and  the  small 
cheaper  type  will  not  withstand  motive-power  service. 
In  a  very  large  percentage  of  cases  where  we  trace  the 
prejudice  against  ampere-hour  meters  we  find  it  based 
upon  trouble  that  resulted  from  the  use  of  the  wrong 
meter.  An  ampere-hour  meter  is  a  maintenance  propo- 
sition. To  take  the  position  that  because  an  ampere- 
hour  meter  fails  it  will  not  withstand  the  service,  is  not 
logical.  An  ampere-hour  meter  probably  requires  very 
much  less  maintenance  than  any  other  part  of  the  equip- 
ment; this  has  been  proved  on  a  large  scale.  It  does 
require  some  maintenance  but  is  well  worth  this.  One 
fleet  of  trucks  in  Chicago  using  about  80  of  these  meters 
sends  in  two  or  three  meters  per  month  for  adjustment, 
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cleaning  and  overhauling.  This  means  that  each  meter 
has  an  overhauling  every  2'-  years  on  the  average.  The 
Pullman  Co.  has  several  thousand  meters.  Their  records 
during  1  month  showed  1  failure  in  800  departures, 
which  is  a  fairly  close  approximation  of  the  truck  record. 

In  the  early  days,  even  when  the  right  type  of  meter 
was  used,  it  was  the  practice  to  install  one  entirely  too 
large.  Any  electric  meter  has  a  tendency  to  run  slow 
at  low  loads  and  this  meter  is  no  exception.  It  will 
run  2  per  cent  slow  at  10  per  cent  of  its  rated  load;  be- 
low this,  it  falls  off  rapidly.  Meters  twice  as  large  as 
should  have  been  used  were  installed  in  many  cases. 
This  meant  that  the  finishing  rate  of  charge  went  below 
the  range  of  accuracy ;  the  meters  ran  slow  and  over- 
charged the  batteries.  The  meters  should  not  be  blamed 
for  what  was  simply  poor  engineering.  We  are  now 
recommending  the  exact  size  of  meter  to  be  used  in  each 
case;  we  would  much  rather  risk  a  burn-out  than  use 
too  large  a  meter,  and  there  are  very  few  burn-outs. 

Auxiliary  apparatus  has  given  trouble  and  this  has 
been  attributed  to  the  meters.  For  example,  when  cir- 
cuit-breakers that  require  too  much  current  to  release 
or  are  unreliable  have  been  used,  the  zero  contact 
mechanism  has  burned  out  and  the  meter  blamed.  A 
number  of  meters  were  recently  reported  in  trouble,  and 
in  every  case  the  cause  was  a  broken  wire  in  the  plug 
cable.  A  solid  instead  of  a  flexible  wire  had  been  used 
and  naturally  broke  after  comparatively  few  bendings. 
These  cases  are  cited  to  show  the  reason  for  much  of 
the  prejudice  against  this  meter.  Much  of  it  is  illogical 
but,  on  the  other  hand,  the  meter  was  far  from  perfect. 
The  manufacturer,  however,  has  cooperated  in  improv- 
ing it  so  that  today  we  have  a  different  meter  from 
the  one  we  had  even  2  or  3  years  ago.  For  example, 
the  meters  are  now  dust  and  waterproof  and  it  is  claimed 
that  they  will  operate  under  water.  The  old  meters  were 
neither  dust  nor  waterproof  and  naturally  gave  trouble 
on  this  score.  The  overload  capacity  has  been  increased 
recently  to  300  per  cent  of  the  rating,  which  allows  the 
use  of  a  much  smaller  meter.  The  aging  factor  or 
tendency  to  run  slow  has  been  reduced.  The  result 
is  that  there  are  fewer  chances  of  failure  with  the 
present  meter  and  with  reasonable  maintenance   it  will 
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Fig.   9 — Characteristic  Curves  Obtained  During  a  Two-Step 
Charge  of  a  Storage  Battery 


Fig.  10 — A  Special  Automatic  Switch  That  Has  Been  Developed 
for  Use  in  Connection  with  the  Two-Step  Charge 

give  service  that  we  have  not  been  able  to  produce  in 
any  other  way.  It  is  the  only  satisfactory  automatic 
storage-battery  cut-off  of  which  we  know. 

The  view  at  the  right  of  Fig.  8  shows  a  shunt  trip 
circuit-breaker  that  has  been  developed  for  use  with 
these  ampere-hour  meters.  It  is  of  the  hand-closing 
type  and  simply  opens  the  circuit  when  the  meter  reaches 
zero ;  it  also  has  been  improved  considerably  within  the 
past    few   years. 

The  Two-Step  Charge 

So  far,  in  developing  the  automatic  system,  it  has 
been  assumed  that  a  constant  voltage  could  be  selected 
that  would  produce  the  character  of  taper  charge  de- 
sired, but  there  are  many  cases  where  this  cannot  be 
controlled.  Charging  is  often  done  with  commercial 
voltages  that  are  not  what  is  wanted.  Odd  sizes  of 
battery,  such  as  12,  16,  18,  24  or  30  cells  are  used, 
especially  in  industrial  trucks,  which  do  not  fit  the  usual 
voltages.  To  meet  this  condition  another  system  of 
charging  which  is  somewhat  more  complicated  has 
been  developed.  It  is  known  as  the  two-step  charge. 
Characteristic  curves  are  shown  in  Fig.  9.  In  this 
system  we  start  with  a  fixed  series  resistance  of  the 
proper  size  to  give  the  desired  current-rate  and  con- 
tinue to  a  point  which  on  an  ampere-hour-input  basis 
corresponds  with  the  gassing  point.  The  ampere-hour 
meter  is  equipped  with  a  second  contact  which  opens  at 
this  point.  This  opens  a  small  self-closing  circuit-breaker 
that  shunts  some  part  of  the  resistance.  Additional 
resistance  is  thus  cut  into  the  circuit  and  the  charge 
finished  at  a  reduced  rate.  Such  rate  reduction  can  be 
accomplished  in  several  ways  but,  where  the  ampere- 
hour  meter  is  already  installed,  it  might  just  as  well  be 
used  for  the  rate-reducing  function  as  well  as  the  cut-off, 
so  that  this  method  has  been  selected  for  general  use. 

It  should  be  noted  that  when  the  gassing  point  is 
reached  the  ampere-hour  meter  opens  and  does  not  close 
a  circuit.  This  is  an  illustration  of  a  characteristic  that 
should  be  incorporated  in  any  automatic  system  and, 
so  far  as  possible,  provision  should  be  made  so  that  if 
part  of  the  apparatus  fails  no  serious  injury  will  result. 
By  opening  the  controlling  circuit  instead  of  making  it, 
chances  of  a  poor  contact  are  avoided.  For  example, 
supposing  that  we  were  to  depend  upon  making  a  contact 
for  reducing  the  rate,  the  charge  would  be  finished  at 
the  high  rate  in  case  of  a  contact  failure.  This  would 
overheat  the  battery  and  possibly  burn  it  up;  whereas, 
working  the  other  way,  if  that  contact  is  not  made,  it 
simply  means  that  we  start  the  charge  at  the  low  rate 
and,  while  it  will  require  a  longer  time  to  charge,  no 
injury  to  the  battery  will  result.  As  another  illustration, 
if  the  cut-off  does  not  operate,  nothing  serious  happens. 
The  final  current-rate  with  either  system  is  so  low  that 
the  battery  could  be  charged  for  hours  without  causing 
any  serious  injury.     We  do  not  recommend  continuing 
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the  charge  in  this  manner  aa  a  regular  practice  but, 
should  the  cut-off  fail  to  operate  ■  •  si  rious 

injury  would   result. 

Fig.    in   shows   a   special   automatic   switch   that  has 

developed  for  the  two  Bt<  p  charge,     When  the  extra 

contact  ■    .  the  shunt  coil  is  energized,  the  circuit- 

iker  automatically  closed  and  the  charge  starts  at 
the  high  rate;  or.  if  the  meter  pointer  is  not  far  enough 

ind  to  close  the  contact,  the  charge  starts  at  the 
finishing  rate.  This  switch  does  not  require  manual 
attention  but  works  automatically  in  conjunction  with 
the  ampere-hour  meter.  One  size  of  breaker  covers 
practically  the  entire  tield.  It  has  a  capacity  of  100 
amp.,  which  covers  nearly  every  rase  and,  by  shifting 
the  connections,  it  can  be  used  on  either  a  250  or  a  125- 
volt  circuit.  Although  it  requires  only  a  few  hundredths 
of  an  ampere  to  hold  it  closed,  the  pull  is  so  strong  that 
it  is  difficult  to  open  the  switch  with  one  hand. 

While  not  directly  pertaining  to  automatic  charging, 
the  ampere-hour  meter  has  another  feature  that  is  almost 
as  important  as  the  charge  cut-off;  namely,  protection 
against  overdischarge.  The  dial  is  equipped  with  a  red 
empty   hand  that    indicates   the  capacity  of  the  battery. 

that  the  operator  of  the  vehicle  knows  at  any  time 
how  far  the  battery  is  discharged  and  what  additional 
capacity  is  available.  This  one  feature  has  gone  a  long 
way  toward  eliminating  overdischarge.  When  a  battery 
is  overdischarged.  it  becomes  somewhat  less  efficient  due 
to  the  abnormal  sulphation,  and  requires  a  special  charge. 
Thus,  proper  charging  depends  upon  proper  discharging, 
and  proper  charging  for  normal  conditions  may  be  wrong 
charging  if  an  overdischarge  has  occurred.  The  empty 
hand  is  normally  set  at  about  90  per  cent  of  the  battery 
rating  to  provide  some  leeway  and  permit  getting  home 
in  case  the  limit  is  reached  on  the  road.  This  one 
feature,  protection  against  overdischarge,  is  considered 
so  vital  by  one  mining  company  that  the  empty  hand  has 
been  changed  to  a  contact.  If  a  motorman  reaches  the 
limit,  a  circuit-breaker  opens  and  renders  the  locomotive 
inoperative.  The  circuit-breaker  is  locked  and  the  motor- 
man  has  to  send  for  the  key  before  he  can  move,  so  he 
is  not  apt  to  allow  this  to  happen  very  often. 

THE  DISCUSSION 

Charles  H.  Roth  : — How  does  the  automobile  charge- 
control  system  work  out  in  farm  lighting-battery  charg- 
ing, using  the  ampere-hour  meter? 

H.  M.  Beck: — The  ampere-hour  meter  is  probably  the 
best  device  for  farm  lighting-plants  but  it  is  not  as 
well  suited  to  this  service  as  it  is  to  motive-power  work. 
The  farm  lighting-plant  loads  become  so  low  at  night, 
when  using  single  night-lights  for  instance,  that  the 
ampere-hour  meter  does  not  record  the  discharge.  The 
result  is  that  part  of  the  load  is  not  recorded  and  the 
battery  is  not  really  charged  when  the  meter  indicates 
charge.  We  call  this  getting  out  of  step.  It  means  that 
there  will  be  a  battery  failure  sooner  or  later.  The 
ampere-hour  meter  has  not  yet  been  developed  so  that 
it  can  be  thoroughly  depended  upon  for  stationary 
service.  I  have  a  sample  meter  now  that  I  expect  to  test 
very  shortly,  and  of  which  I  am  hopeful.  It  is  not  a 
mercury-type  meter,  but  of  the  commutator  type.  It 
has  a  wider  range,  but  unfortunately  will  not  withstand 
the  vibration  of  the  motive-power  service. 

Mr.  Roth  : — Are  you  simply  waiting  for  a  perfect 
auxiliary  device? 

Mr.  BECK: — When  we  get  a  device  that  is  suitable 
for  the  stationary  plant,  we  will  certainly  push  it. 


G.  T.  Briggs: — How  does  the  battery  withstand  tractor 
work,   when   using  it   for  night  work? 

Mr.  BECK: — That  is  rattier  severe  service.  We  de- 
veloped a  battery  that  will  withstand  it.  We  have  in- 
stalled it  in  a  number  of  tractors  but  the  field  has 
developed  slowly.  The  battery  has  a  number  of  features. 
We  subject  the  cell  to  a  bumping  test,  and  it  actually 
withstands  millions  of  bumps  that  will  put  the  ordinary 
automobile  storage-battery  cell  out  of  service  in  from 
3  to  5  hr.,  as  the  plates  cut  right  through  the  bridges 
and  the  bottom  of  the  jar;  but  that  tractor  cell  will 
come  through  in  perfect  shape  with  only  a  small  in- 
dentation in  the  top  of  the  rib.  The  top  of  the  support- 
ing bridge  is  made  of  soft  rubber  so  that  it  cushions 
the  plate.  The  sealing  and  sealing  nuts  are  special  and 
the  jars  are  extra  heavy.  So  far  as  I  know,  only  two 
tractors  in  general  use  have  adopted  the  battery  as 
standard   equipment. 

H.  L.  Horning: — We  have  discouraged  the  application 
of  engine-starter  equipment  to  trucks,  not  because  we 
thought  the  storage-battery  was  not  good  enough  but 
on  account  of  the  amount  of  trouble  in  making  the 
engines  ready  to  connect  the  generator.  That  attitude 
is  simply  the  result  of  practical  considerations  in  manu- 
facture. In  connection  with  motor  trucks,  there  is  no 
doubt  that  a  suitable  electric  lighting  system  is  becoming 
a  necessity;  the  motor  truck  cannot  fulfill  its  place  in 
the  transportation  system  without  one.  At  present  it 
is  difficult  to  persuade  anyone  to  use  a  battery  system 
on  tractors.  There  is  some  feeling  against  the  use  of 
a  battery  system  for  ignition  on  the  motor  truck,  al- 
though the  objection  is  not  so  strong  as  in  the  case  of 
the  tractor.  I  have  confidence  in  the  manufacturers  of 
batteries  and  electric  systems  and  believe  that  they  can 
overcome  the  difficulties  if  they  are  given  the  oppor- 
tunity. The  practical  considerations  of  operating  and 
maintaining  batteries  in  the  country  and  the  un- 
familiarity  of  the  public  with  storage-batteries  have 
retarded  their  adoption.  The  time  is  coming  when 
generator-charging  outfits  will  be  demanded. 

R.  B.  Hall: — What  is  the  average  life  of  a  storage- 
battery  on  industrial  trucks,  provided  it  is  charged 
properly  by  the  automatic  system. 

Mr.  Beck  : — I  referred  to  one  battery  that  has  been 
in  straight  industrial  truck  service  for  8%  years  and 
still  operates  well.  The  length  of  life  of  a  battery  de- 
pends not  only  upon  the  care  it  receives  but  also  upon 
the  amount  of  work  it  does.  In  lightly  worked  trucks 
the  battery  lasts  much  longer.  Yard-locomotive  work 
is  light  service.  We  have  a  battery  that  has  been  in 
such  service  10  years.  I  have  a  battery  in  my  own 
car  that  is  more  than  8  years  old  but  the  service  is 
fairly  light.  We  eliminate  the  charging  problem  with 
the  automatic  charging  system;  so  the  matter  is  largely 
one  of  how  much  work  the  truck  does.  The  older  batteries 
have  a  1%-in.  sediment  space.  We  now  allow  for  about 
21/2-in.  of  sediment.  The  industrial-truck  batteries  that 
I  mentioned  are  depositing  sediment  at  the  rate  of  about 
5/16-in.  per  year;  it  is  evident  that  the  Ironclad  battery 
has  a  long  life.  The  results  with  the  flat-plate  battery 
are  not  so  good.  The  Ironclad  plate  should  last  from 
two  to  three  times  the  life  of  the  flat-plate.  We  estimate 
that  the  flat  plate  will  withstand  300  to  400  complete 
discharges  and  that  the  Ironclad  plate  will  •  withstand 
about  1000. 

Mu.  Roth  : — Is  not  10  years  a  remarkable  length  of 
battery  life  for  motive-power  service? 

Mr.  Beck: — It  is  better  than  the  average. 

Mr.  Roth  : — What  is  the  life  of  batteries  under  the 
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worst  and  the  best  conditions?  I  understand  that  start- 
ing and  lighting  batteries  are  short-lived. 

Mr.  Beck: — On  the  basis  of  the  batteries  renewed 
by  one  of  our  depots  during  1  year,  the  average  battery 
life  was  about  3  years.  By  automatic  methods  we  hope 
to  bring  the  average  life  closer  to  the  maximum. 

Mr.  Roth  : — A  man  who  manufactures  storage-bat- 
teries told  me  several  years  ago  that  the  average  life  of 
a  storage  battery  on  an  automobile,  for  starting  and 
lighting  purposes,  is  about  11  months. 

Mr.  Beck: — The  life  of  starting  and  lighting  batteries 
is  usually  stated  to  be  18  months.  The  last  statistics 
on  this  type  that  I  have  seen  averaged  a  period  of  some- 
what more  than  2  years.  The  heavier  type  of  starting 
battery  will  average  from  4  to  7  years,  but  on  account 
of  its  weight,  size  and  cost,  it  is  not  used  generally. 

Taliaferro  Milton  : — The  New  York  statistics  for  all 
the  batteries  for  last  year  show  that  the  average  battery- 
life,  including  7  months'  minimum  life,  was  38  and  the 
maximum  55  months;  many  of  them  had  a  life  of  more 
than  40  months. 

M.  Schiff: — With  reference  to  the  industrial  applica- 
tion of  batteries  for  propulsion  purposes,  you  mentioned 
that  there  might  be  a  considerable  diversity  of  battery 
sizes.  How  is  the  automatic  feature  carried  out  under 
such  a  condition? 

Mr.  Beck: — Using  the  taper  charge,  the  fixed  voltage 
is  the  same  no  matter  what  the  size  of  the  battery  is ; 
it  depends  only  on  the  number  of  cells.  The  series 
resistance  varies  with  the  size  of  the  battery.  For 
example,  suppose  we  have  a  street  truck  having  the 
proper  number  of  cells  for  a  110-volt  charging  system 
and  desire  to  arrange  for  such  a  charging  system.  We 
would  install  a  resistance  in  series  with  the  charging 
socket  on  the  vehicle,  figured  for  that  particular  size  of 
battery.  If  the  equipment  is  connected  to  a  110-volt 
system,  the  desired  amount  of  current  is  obtained  auto- 
matically. 

Mr.  Schiff: — Do  you  use  the  constant-potential 
method  of  charging  only  in  that  particular  application? 

Mr.  Beck: — We  use  what  we  call  the  modified  poten- 
tial in  that  particular  application. 

Mr.  Schiff: — I  understand  that  the  ampere-hour 
meter  is  not  used  in  that  instance. 

Mr.  Beck: — No,  it  is  used  only  as  a  cut-off  in  that 
arrangement.  As  a  means  of  rate  control,  the  ampere- 
hour  meter  comes  in  only  where  we  cannot  control  the 
voltage.  There  are  many  situations  where  we  cannot  get 
the  voltage  we  want.  In  that  case  we  use  the  two-step 
charge,  which  is  controlled  by  the  ampere  hour  meter. 
Where  we  can  control  the  voltage,  we  much  prefer  the 
straight  modified  constant-potential  system.  When 
necessary,  we  can  charge  more  quickly  with  the  straight 
modified  system.  The  best  we  can  do  safely  with  the 
two-step  system  is  to  charge  in  about  7  or  8  hr.,  but  we 
can  charge  in  4  or  5  hr.  with  the  modified  system. 

Mr.  Hall: — What  is  the  effect  of  charging  with  the 
cercury-arc  rectifier  instead  of  a  generator?  Is  it 
possible  to  use  that  with  the  automatic  system? 

Mr.  Beck: — The  question  of  using  the  mercury  arc  is 
entirely  one  of  the  rectifier  characteristic.  The  rectifier 
can  be  designed,  but  the  minimum  current  limit  is  fixed. 
If  the  desired  minimum  is  not  too  low,  the  rectifier 
affords  a  satisfactory  charging  system. 

Mr.  Schiff: — In  using  the  ampere-hour  meter  to  con- 
trol the  charge,  how  is  the  charge  affected  at  tempera- 
tures near  freezing  or  below? 


Mr.  Beck  : — The  ampere-hour  efficiency  is  almost  in- 
dependent of  the  temperature.  That  is  one  reason  this 
system  has  gained  ground  so  rapidly.  The  number  of 
watts  is  not  independent  of  the  temperature ;  that  is, 
the  charging  voltage  is  much  higher  at  low  temperatures. 
If  we  were  using  a  wattmeter,  more  watts  would  be 
needed  when  charging  at  low  temperatures,  but  the 
ampere-hour  efficiency  is  almost  constant.  At  high 
temperatures  the  internal  losses  in  a  battery  are  some- 
what increased.  Where  the  amount  of  discharge  is 
light,  the  internal  losses  may  become  an  appreciable  per- 
centage, but  in  ordinary  service  we  use  standard  fixed 
percentages  of  overcharge. 

Mr.  Schiff: — What  I  wished  to  bring  out  is  that  the 
ampere  output  is  actually  very  much  lower. 

Mr.  Beck  : — An  appreciable  time  must  elapse  before 
outside  temperatures  affect  the  commercial  vehicle  to 
any  great  extent.  Where  the  battery  is  charged  at  rea- 
sonable intervals,  the  cells  keep  fairly  warm.  With  my 
own  car,  which  is  kept  in  an  unheated  garage  that 
reaches  the  full  outside  temperature  in  winter,  I  take 
this  into  consideration  and  allow  for  it.  Whereas  I 
have  120  amp-hr.  available  in  summer,  my  limit  is  100 
amp-hr.  in  winter.  There  is  not  so  much  variation  in 
commercial  work;  for  instance,  mine  locomotives  operate 
under  fairly  uniform  temperature  conditions  and  com- 
mercial electric  trucks  are  worked  hard  and  are  out 
only  about  8  hr.  continuously  in  cold  weather. 

Mr.  Schiff: — I  have  noticed  that  temperature  effect, 
particularly  in  tests  of  a  large  submarine  type  of  bat- 
tery.   I  have  seen  the  capacity  reduced  about  30  per  cent. 

Mr.  Beck  : — About  0.5  per  cent  per  deg.  at  the  normal 
rate  represents  the  reduction  in  capacity.  The  number 
of  ampere-hours  is  reduced  if  the  temperature  falls. 
In  passenger-car  service  this  must  be  taken  into  account. 
The  general  rule  is  to  cut  that  down  25  per  cent  in 
freezing  weather.  The  advantage  of  the  red  hand  on 
the  dial  is  that  the  driver  does  not  need  to  know  any- 
thing about  the  size  of  the  battery  or  its  capacity;  he 
simply  sets  that  red  hand  back.  As  an  example  of  how 
effective  this  is,  I  cite  one  car  that  has  never  run  out 
of  power  on  the  road  in  8  years.  That  is  one  reason  the 
battery  is  giving  full  capacity  and  has  never  been  re- 
newed or  even  had  the  electrolyte  strengthened.  This 
illustrates  what  protection  against  over  discharge  means 
and  how  the  ampere-hour  meter  will  provide  such  pro- 
tection. The  instrument  is  almost  as  important  in  con- 
nection with  discharge  as  with  charge.  In  commercial 
work  it  is  felt  in  some  large  factories  that  the  protection 
on  discharge  is  more  important  than  on  charge.  The 
Goodyear  factory  at  Akron,  Ohio,  was  bringing  in  trucks 
long  distances  for  charge  when  the  batteries  were  only 
one-quarter  discharged.  The  company  began  leaving  the 
trucks  out  twice  as  long  after  installing  the  meters,  and 
this  allowed  them  to  work  much  more  efficiently.  This 
phase  of  the  ampere-hour  meter  must  not  be  overlooked ; 
it  does  more  than  simply  cut  off  the  charge. 

Mr.  Roth  : — If  an  ampere-hour  meter  could  be  made 
very  cheaply,  would  it  be  used  on  the  ordinary  automo- 
bile also? 

Mr.  Beck  : — Yes,  if  it  were  reliable.  Originally,  an 
ampere-hour  meter  was  used  on  the  automobile,  but  it 
was  of  a  cheap  type  and  not  altogether  a  success.  How- 
ever, some  of  those  original  batteries  have  had  a  won- 
derful length  of  life;  some  of  them  have  lasted  7  years. 
We  do  not  favor  anything  but  the  best  ampere-hour 
meter  of  those  available. 
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Research  Topics  and  Suggestions 

rrym:  Research  Deportment  plans  to  present  under  this  heading  each  month  «  topic  that  is  pertinent  to  the 
1  nerai  field  of  automotivt   research,  and  is  either  of  special  interest  to  some  group  oj  tht  Society  member- 

ship led  tn  some  particularly  urgent  problem  of  the  industry.     Since  the  object  of  the  department  is  to  act 

as  (i  clearing  for  research  information,  we  shall  be  pleased  tn  rcaim  the  comment*  of  mi  mines  regarding 

the  tt  ented,  and  their  suggestions  as  to  what  might  be  of  interest  in  this  connection. 

BRAKES  AND  SAFETY 


Jmprehensive  paper  on  passenger-car  brakes,  by 
.1.  Edward  Schipper,  published  in   I'm:  Jim  unaj    [or  April, 
1922,  the  general  problems  of  brake  design  and  the  various 
and  brake   mechanisms  are   discussed   in   a 
ng   and   thorough   manner.     This   paper  shows 
much  has   been   done   in   the  line  of  developing   brake 
mechanisms  to  meet  the  needs  of  the  present-day  passenger 
car   with   a   reasonable  amount   of   safety  and   freedom   from 
and  a  asonable  cost. 

There  are,  however,  some  phases  of  the  brake  problem 
that  seem  to  merit  further  consideration  and  the  purpose  of 
this  article  is  to  suggest  some  of  them  on  which  research 
of  a  more  or  less  fundamental  charactei  is  needed,  as  dis- 
tinguished from  the  work  of  design  and  development. 

The  functions  of  a  brake  may  be  arbitrarily  divided   into 
366     requiring    somewhat     different     characteristics, 
are 

(1)    Retardation  of  emergency  stopping 

1 2  p    Absorbing  power  for  long  periods,  as  on  grades 

Much  the  greater  amount  of  service  of  the  brakes  on  the 
nger-car  is  of  the  first  class,  as  in  bringing  the 
car  to  a  stop  or  slowing  down  in  traffic.  The  use  of  brakes 
en  very  short  grades  makes  a  similar  demand  to  that  made 
in  ordinary  retardation. 

-<'mc  passenger  cars  used  for  touring  in  rough  coun- 
try, and  on  many  trucks,  however,  the  second  class  of  service 
great  importance.    On  long  grades  biakes,  or  the  engine 
need  as  a  brake,  may  be  called  on  to  absorb  an  amount  of 
IT  nearly  equal  to  the  normal  power  output  of  the  engine 
for  considerable  periods  of  time.     Putting  heat  into  a  brake 
em  by  absorbing  power  in  friction  is  something  like  dip- 
ping water  into  a  leaky  bucket.     If  the  bucket  is  larger  than 
the  dipper,  and  we  dip  only  occasionally,  the  water  leaks  out 
and    does    not    overflow.      But    if    we    pour    in    a   continuous 
stream,  there  is  soon  an  overflow  unless  the  water  leaks  out 
at  i'a-t  as  it  (lows  in.     This  illustrates  the  two  distinct  prop- 
-  of  a  brake   system  as  regards  its  ability  to  take  care 
of  the  heat  which  it  receives. 

Kirst  is  its  capacity  for  absorbing  heat,  corresponding  to 
the  capacity  of  the  bucket.  This  capacity  is  about  propor- 
tional to  the  total  weight  of  the  brake-drum  and  shoes.  It 
does  not  matter  how  fast  heat  is  generated  if  the  total 
amount  at  any  one  brake-application  is  not  more  than  the 
capacity  of  the  biakes  for  absorbing  it.  The  capacity  is  the 
amount  of  heat  in  British  thermal  units  that  can  be  ab- 
sorbed without  heating  the  drums  to  a  dangerous  tempera- 
ture. The  maximum  amount  of  heat  that  can  be  developed 
in  stopping  a  car  at  any  speed  is  easily  computed  from  the 
weight  of  the  ear  and  the  speed.  Not  all  of  this  goes  into 
the  brakes,  but  most  of  it  may.  However,  the  heat  capacity 
of  most  brake  systems  is  ample  to  care  for  this,  and  the  real 
problem  is  that  of  how  fast  the  brakes  can  be  made  to  absorb 
energy  of  the  vehicle. 
The  requirements  for  the  continuous  absorption  of  power 
are  entirely  different.  The  heat  capacity  of  the  system  is  of 
little  importance;  of  none,  in  fact,  if  brake  application  con- 
tinues for  many  minutes.  The  important  problem  here  is 
the  heat  leak,  or  the  rate  at  which  the  brake  system  can 
dispose  of  the  heat  generated. 

\-    the   temperature  of  the  brakes  increases,  the  rate  of 
heat  leak  increases,  and  the  temperature  will  ultimately  reach 


a  point  where  the  heat  given  out  by  radiation,  convection,  etc., 
equals  the  heat  generated.  The  question  then  is,  whether  this 
temperature  is  destructive  to  the  brakes  when  the  power  ab- 
sorbed is  what  one  could  reasonably  expect. 

Most  brakes  will  not  meei  this  requirement  in  some  parts 
of  the  Country,  as  Mr.  Schipper  points  out  in  his  paper. 
The  area  of  the  brake-lining  and  the  holding  power  are  ample 
for  the  purpose,  but  the  provisions  for  disposing  of  heat  are 
not.  In  fact,  this  feature  seems  to  have  been  given  little,  if 
any,  consideration  in  most  brake  systems. 

Some  of  the  problems  that  seem  to  need  further  investi- 
gation in  the  light  of  the  foregoing  discussion  are  as  fol- 
lows: In  most  cases  brakes  have  obviously  been  designed  like 
the  rest  of  the  car  to  meet  average  and  not  the  most  severe 
conditions.  Brake  failures  have  been  responsible  for  many 
accidents  and  there  is  an  insistent  demand  among  traffic 
authorities  in  many  quarters  for  some  means  of  placing  the 
responsibility  for  such  failures.  Official  periodic  tests  of 
biakes  have  been  advocated  or  adopted  in  some  places.  This 
demand  has  been  so  far  justified  that  it  is  safe  to  assume 
some  means  will  have  to  be  found  to  meet  it.  To  what  ex- 
tent are  the  designer,  the  production  department,  the  service 
department  and  the  user  responsible  for  brake  failures  ? 

To  what  extent  are  accidents  involving  inadequate  brake 
action  dependent  upon  road  conditions,  and  to  what  extent 
can  the  responsibility  rest  upon  the  highway  designer  and 
the  driver  of  the  car?  Can  traffic  regulations  be  framed  so 
as  to  place  the  responsibility  where  it  belongs,  and  to  keep 
the  fact  of  this  responsibility  clearly  before  the  mind?  Cer- 
tainly very  much  of  the  responsibility  rests  with  the  driver 
and  fortunately  he  is  easiest  to  reach.  Correct  answers  to 
the  foregoing  questions  would  help  in  drafting  regulations 
regarding  brakes. 

If  there  is  to  be  a  demand  for  brakes  that  will  meet  all 
usual  conditions  of  service,  there  should  be  some  accepted 
standard  of  service.  Should  brakes  be  designed  so  as  to 
hold  the  car  on  any  practicable  grade  and,  if  so,  what  should 
be  considered  a  practicable  grade  ?  Is  it  a  rational  assump- 
tion that  a  car  may  be  called  on  to  coast  down  any  grade 
at  the  same  rate  at  which  it  would  climli  the  grade?  On  this 
assumption  it  would  be  simple  to  fix  a  brake  capacity  in 
proportion  to  the  power  of  the  engine,  the  various  power 
losses  in  the  car  being  considered. 

Brake-shoe  pressures  are  rather  a  matter  of  design  than 
of  research,  unless  perchance  there  may  be  pressures  beyond 
which  it  is  not  safe  to  go  for  some  specific  reason.  But  brake 
holding-power  involves  brake-shoe  pressure  and  the  coeffi- 
cient of  friction.  The  paper  by  S.  Von  Ammon  in  The 
Journal  for  March,  1922,  describing  the  results  of  work 
done  at  the  Bureau  of  Standards,  raises  one  point  of  great 
importance  in  connection  with  the  safety  of  brakes.  While 
the  normal  coefficients  of  friction  vary  between  wide  limits, 
•  are  some  conditions  under  which  very  abnormal  values 
occur,  namely  when  new  brake-linings  first  become  hot.  In 
this  case  the  coefficient  may  lie  reduced,  with  some  lining 
materials,  to  perhaps  one-fifth  of  the  normal  value.-  Should 
all  brake  linkages  be  designed  to  produce  five  times  the  pres- 
sure normally  used,  if  this  is  possible,  or  should  brake-linings 
be  improved  to  overcome  this  tendency? 

Much  more  should  be  known  about  brake-lining  materials. 
However,  this  need  is  being  met  by  an  intensive  research 
campaign    on    the   part    of    many    manufacturers    of    brake- 
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linings,  which  has  followed  the  research  undertaken  at  the 
Bureau  of  Standards. 

Another  question  in  the  brake  safety  field  is  how  much 
distance  should  be  required  to  stop  a  car  on  a  given  road 
at  any  speed?  And  what  is  common  practice  in  this  respect? 
A  few  figures  have  been  published  showing  the  distance  re- 
quired. Some  of  these  may  be  found  in  the  Schipper  paper, 
but  the  information  is  very  meager  indeed,  particularly  as 
regards  different  kinds  and  conditions  of  road.  We  believe 
that  a  systematic  study  of  this  problem  for  all  classes  of 
car  and  a  wide  variety  of  roads  is  of  the  utmost  importance 
before  any  attempt  is  made  to  incorporate  such  figures  in 
any  form  of  traffic  regulation  that  may  be  promulgated  by 
any  State  or  municipal  authorities. 

Other  problems  that  may  be  considered  in  this  connection 


(1)  The  effect  of  braking  ability  on  the  speed  that  can 
be  maintained  with  safety  in  traffic 

(2)  The    inherent    advantages    and    disadvantages    of 
four-wheel  brakes 

(3)  The  equalization  of  brake  action  on  all  wheels 

(4)  The  possibilities  of  brake  systems  which  will  avoid 
skidding 

Most  of  these  topics  are  referred  to  in  the  following  list 
of  references. 
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MAY  COUNCIL  MEETING 


THE  meeting  of  the  Council  held  in  Indianapolis  on  May  8 
was  attended  by  President  Baehman,  Second  Vice- 
President  Young,  Councilors  Crane,  Scott  and  Smith,  and 
Past-President  Beecroft. 

Eighty-five  applications  for  individual  membership  and  25 
for  student  enrollment  were  approved.  The  following  trans- 
fers in  grade  of  membership  were  made:  From  Member  to 
Service  Member,  Floyd  B.  Newell;  Service  Member  to  Mem- 
ber, Ernest  W.  Dean;  Junior  to  Member,  H.  A.  Schwartz, 
Dan  R.  Veazey,  Walter  R.  Griswold ;  Junior  to  Associate, 
Bertram  B.  Webb;  Associate  to  Member,  C.  W.  Bassett, 
G.  C.  Brown,  W.  P.  Hilton,  Samuel  Tour,  Howard  W.  Draper, 
C.  Eberhart,  Jr.,  F.  E.  Whittelsey. 

The  financial  statement  as  of  March  31  showed  a  net  bal- 
ance of  assets  over  liabilities  of  the  Society  of  $124,110.89, 
this  being  $10,380.62  less  than  the  corresponding  figure  on 
the  same  day  of  1921.  The  income  of  the  Society  for  the  first 
6  months  of  the  current  fiscal  year  amounted  to  $77,959.88. 
The  operating  expense  during  the  same  period  was  $92,- 
419.48.  The  expense  accounts  showed  a  net  saving  of 
$8,737.62  in  comparison  with  the  same  activities  for  the  same 
period  of  the  last  fiscal  year. 

The  following  appointments  to  the  Standards  Committee 
were  made: 

AERONAUTIC  DIVISION 
L.  M.  Woolson 


AXLE  AND  WHEELS   DIVISION 


O.  J.  Rohde 


A.  L.  Putnam 


BALL  AND  ROLLER  BEARINGS  DIVISION 
J.  T.  R.  Bell 

CHAIN  DIVISION 
F.  L.  Morse 

ELECTRIC  VEHICLE  DIVISION 
Charles  R.  Skinner,  Jr. 

FRAMES  DIVISION 
E.  A.  DeWaters 


NOMENCLATURE    DIVISION 


NON-FERROUS   METALS  DIVISION 
Samuel  Tour 

PARTS  AND  FITTINGS  DIVISION 

E.   W.  Weaver 

PASSENGER-CAR   BODY   DIVISION 

William  Brewster 

RADIATOR  DIVISION 
A.  Ludlow  Clavden 


STORAGE    BATTERY    DIVISION 


W.  E.  Goosling 


G.  W.  Vinal 


TRANSMISSION    DIVISION 
C.  H.  Grill 


The   following   additional    subjects    were   assigned   to   the 

Standards  Committee: 

Subject  Division 

Airplane  Starting-Motor  Mountings 

Electrical  Equipment 
Battery  Trays  for  Electric  Trucks  Electric  Vehicle 


Cable  Clips 

Carbureter  Tests 

Definitions 

Engine  Rotation 

Gages  and  Gaging 

Magneto  Flange  Mountings 

Motorboat  Tachometer  Drive 

Motor-Truck  Cabs 

Muffler  Outlet-Pipe  Couplings 

Plain  Washers 

Rubber  Bushings 

Studs 

Stuffing-Boxes 

Trimming  Materials 

Woodruff  Keys 


Electrical  Equipment 

Engine 

Springs 

Motorboat 

Screw  Threads 

Electrical  Equipment 

Motorboat 

Truck 

Engine 

Parts  and  Fittings 

Electrical  Equipment 

Screw  Threads 

Motorboat 

Passenger-Car  Body 

Parts  and  Fittings 


Leonard  Ochtman,  Jr. 


L.   C.  Voyles 


J.  M.  Watson  and  C.  N.  Dawe  were  appointed  to  serve  as 
representatives  of  the  Society  on  the  Committee  on  Gage 
Steel  whose  activities  are  conducted  under  the  auspices  of 
the  Bureau  of  Standards. 


Vol.  X 


June.   1925 


No.  6 


Oil-Pumping 

By  <  ■  i  orge  A.  Round1 
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Illustrated  with  Dn  \\\  ings 


Oli.  PUMPIN  defined  and  it-  results  an-  men- 

tioned.    The  influe 

brought  out,  partkulai 

ervice.     The  factors  thai  control  the 
rate  of  oil  consumption  air  d  and  some 

unusual  conditions  lorted.     \  .■■  itures  oi 

and  pisti  n-ring  di-.-i l; n  ined 

and  the  effect  of  changes  illustrated.     The  relative  ad- 
vanl  the  splash  ami  the  force-feed  systems  as 

affecting  the   development   of  oil-pumping  troubles  are 
forth  and  improvements  suggested.     A  new  device 
for  reducing  oil-pumping  dilution  trouhles  is  described 
and  illustrat 

OIL-PUMPING  may  be  defined  as  the  passing  of 
oil  into  the  combustion-chambers  of  an  engine  at 
a  greater  rate  than  it  can  be  burned  cleanly  by 
the  fuel  charge.  The  results  are  spark-plug  fouling  and 
carbon  deposits  or  in  the  absence  of  these  difficulties  the 
rate  of  consumption  may  be  sufficient  to  cause  complaints 
from  the  owners  on  the  oil  cost.  The  amount  of  oil  that 
can  be  burned  without  trouble  in  any  engine  depends 
somewhat  on  the  oil  character  but  chiefly  on  the  load 
ir  and  the  correctness  of  the  mixture.  For  example, 
an  engine  in  tractor  service  will  burn  cleanly  a  volume 
of  oil  that  in  passenger-car  service  would  cause  excessive 
■  n  deposits  quickly.  Again  it  is  often  the  case  that 
the  engine  that  carbonizes  in  city  service  will  burn  clean 
in  touring. 

Because  of  the  influence  of  the  load  factor  it  is  possible 
to  use  in  the  more  severe  classes  of  service  a  type  of 
lubricant  tha*,  while  desirable  from  the  standpoint  of 
lubrication  value  and  high  economy,  would  cause  unde- 
sirable carbon  deposits  in  engines  operating  under  more 
moderate  conditions.  In  cars  having  a  high  acceleration 
rate  the  engine  load  factor  under  normal  conditions  has 
become  very  small.  With  the  rich  mixtures  commonly 
used  conditions  are  most  unfavorable  for  burning  cleanly 
any  oil  passing  the  pistons.  This  type  of  engine  is  also 
prone  to  knock  readily  with  slight  carbon  deposits  due  to 
the  high  compressions  usually  employed.  Consequently, 
it  has  been  necessary  to  reduce  the  oil  consumption  in 
such  engines  to  a  point  that  is  undesirably  low  from  the 
dilution  standpoint. 

To  assure  good  lubrication  and  to  offset  the  effects  of 
dilution  it  is  desirable  that  the  crankcase  oil  be  renewed 
at  reasonably  frequent  intervals.  This  can  be  accom- 
plished in  two  ways;  by  <  <n  periodic  draining  of  the 
entire  supply  or  (6)  the  frequent  addition  of  fresh  oil 
to  replace  that  used.  In  cars  that  show  a  very  low  oil- 
consumption  rate  the  first  method  should  apply,  but  in 
spite  of  repeated  instructions  to  the  owner  to  drain  the 
old  oil  frequently,  he  finds  it  such  a  disagreeable  task  that 
it  is  not  done  as  often  as  it  should  be,  and  contamination 
of  the  oil  to  an  excessive  degree  is  the  result.  It  is  a 
fact,  however,  that  in  many  engines  the  rate  of  oil  con- 
sumption increases  to  an  undesirable  extent  after  a  com- 
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itively  short  period  of  service,  and   it   is  in  the  con- 
trol of  this  that  we  are  chiefly  intere 

Factors  Controlling  Oil-Pumping 

The  amount  of  oil  passing  an  engine  piston  in  a  given 
time  depends  upon  the  following  principal  factors: 
the  amount  of  oil  thrown  to  the  cylinders,  (b)  numb 
piston  strokes,  (c)  the  efficiency  of  the  means  for  pi 
drainage,  (d)  the  ring  fit,  (e)  the  oil  viscosity  and  char- 
acter ami   in   the  vacuum  in  the  cylinder.     In  his  paper 
presented    at     the    Annual    Meeting    hist    January,"    .Mr. 
Ricardo  slated  that   he  had  been  unable  to  find  that  the 
vacuum   in   the  cylinder  had  any  effect  on  oil-pumping. 
There  is,  however,  some  evidence  to  the  contrary. 

A  few  years  ago  an  engineer  working  out  a  device  to 
prevent  oil-pumping  settled  the  crankcase  of  an  engine 
against  air  leakage  and  maintained  a  vacuum  in  it  equal 
to  that  in  the  intake-manifold.  The  tests  conducted 
showed  that  the  oil  consumption  could  be  cut  in  half 
when  the  vacuum  was  maintained.  Smoking  when  ac- 
celerating after  prolonged  idling  was  eliminated,  show- 
ing that  the  amount  of  oil  passing  the  pistons  was  negli- 
gible. While  that  method  of  reducing  consumption  was 
impracticable,  it  showed  that  the  vacuum  in  the  cylinder 
was  a  factor  affecting  the  amount  of  oil  passing  the 
rings,  particularly  in  worn  engines,  and  the  idea  has 
been  applied  successfully  in  another  way  that  will  be 
described  later. 

Experience  seems  to  indicate  that  it  is  not  possible  to 
establish  a  definite  rule  for  the  variation  in  oil  consump- 
tion with  changes  in  the  viscosity  and  the  character  of 
the  oil  used.  In  general  the  consumption  decreases  with 
an  increase  in  the  viscosity  but  in  several  tests  we  have 
encountered  the  reverse  condition,  under  much  the  same 
conditions  of  design.  In  the  engines  in  which  this  oc- 
curred the  pistons  were  of  cast-iron  with  no  grooves  or 
relief  on  the  piston  skirt.  The  ring  next  above  the  piston- 
pin  was  fitted  somewhat  loosely  in  its  groove  in  the  bot- 
tom of  which  was  drilled  a  series  of  return  holes.  In  one 
engine  using  force-feed  lubrication  and  one  employing 
splash  the  lower-viscosity  oils  invariably  showed  the  best 
economy.  The  consumption  figures  for  the  first  case,  a 
small  six-cylinder  engine,  were  1.37  lb.  in  10  hr.  for  the 
lighter  oil,  and  2.1  lb.  for  the  heavier  under  similar  operat- 
ing conditions.  For  the  second  engine,  a  small  water- 
cooled  single-cylinder  lighting  unit,  the  consumption  of 
lighter  oil  was  0.5  lb.  in  10  hr.  and  the  heavier  2.6  lb. 
The  consumption  figures  in  both  cases  were  corrected  to 
allow  for  dilution.  The  viscosities  at  210  deg.  fahr. 
were  45  sec.  Saybolt  for  the  lighter  oil,  and  58  sec.  for 
the  heavier.  Apparently  the  resistance  of  the  lubricant 
in  passing  behind  the  ring  to  reach  the  return  holes  is 
the  controlling  factor,  as  with  a  different  form  of  oil 
return  the  behavior  of  the  oils  is  entirely  normal.  The 
character  of  the  oil  as  affecting  its  evaporation  rate, 
particularly  at  high  temperatures  as  in  tractor  or  heavy- 
duty  truck  service  also  has  a  bearing  on  the  consumption. 
However,  the  more  heat-resisting  oils  are  not  always  de- 
sirable because  from  that  very  characteristic  they  may 
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not  burn  cleanly  under  moderate  load  conditions.  In  the 
majority  of  cases  a  compromise  is  desirable  and  that 
must  be  worked  out  largely  on  the  basis  of  practical  ex- 
perience.   • 

The  Importance  of  Piston-Ring  Fit 

Proper  piston-ring  fit  is  one  of  the  most  important 
factors  controlling  oil  consumption.  When  the  rings  fit 
correctly,  the  matters  of  clearance  and  provision  for 
drainage  become  of  minor  importance.  The  chief  points 
in  regard  to  ring  fit  are  the  amount  and  uniformity  of 
the  tension  of  the  ring  and  its  clearance  in  the  ring- 
groove.  Experience  has  indicated  that  ring  end-clearance 
is  of  minor  importance  in  controlling  oil  consumption.  If 
the  rings  are  fitted  with  a  minimum  gap  when  new,  the 
increase  due  to  wear  will  have  a  negligible  effect  as  com- 
pared with  the  other  changes  that  take  place. 

Other  factors  being  equal,  the  amount  of  oil  consumed 
can  be  varied  through  a  considerable  range  by  changes 
in  the  ring  pressure.  This  was  clearly  shown  by  some 
experiments  on  aircraft  engines  that  were  using  too 
much  oil.  After  fitting  the  bearings  as  closely  as  possible 
and  cutting  the  pressures  to  a  minimum,  it  was  found 
that  a  30-per  cent  reduction  in  the  oil  consumption  could 
be  effected  by  reducing  the  contact  area  of  the  rings 
about  one-third  as  shown  at  the  left  of  Fig.  1.  It  is 
interesting  to  note  that  this  method  was  equally  as  ef- 
fective as  the  other  methods  of  reducing  the  area  shown 
in  the  two  central  views  of  this  illustration.  This  is 
contrary  to  the  common  opinion  but  it  was  checked  sev- 
eral times  in  different  engines. 

The  amount  of  pressure  is,  however,  fairly  definitely 
limited  by  the  rapid  wear  that  takes  place  when  the  ring 
tension  becomes  sufficient  to  cause  all  the  oil  to  be 
scraped  off.  The  pressure  to  cause  this  varies  with  the 
character  of  the  lubricant  and  the  nature  of  the  cylinder 
and  ring  metals.  A  reasonable  working  limit,  however, 
in  terms  of  the  pressure  required  to  close  the  ring  is  ap- 
proximately 2  lb.  per  in.  of  diameter  for  a  ring  of  %-in. 
width  and  the  other  sizes  are  in  proportion.  Uniformity 
of  tension  throughout  the  ring  is  of  maximum  import- 
ance and  many  cases  of  oil-pumping  have  been  traced  to 
the  lack  of  this,  due  to  either  defective  rings  or  their 
being  distorted  during  assembly. 

From  recent  experience,  it  is  apparent  that  in  some 
cases  at  least,  not  nearly  enough  attention  is  being  given 
to  ring  inspection  or  to  care  in  assembling  them  on  the 
pistons.  For  instance,  in  one  group  of  engines  taken 
down  to  determine  the  cause  of  oil-pumping,  a  large 
number  of  rings  were  found  bearing  in  spots  only  and 
of  the  new  rings  in  stock,  over  25  per  cent  proved  de- 
fective. A  little  more  care  given  to  this  detail  would 
be  of  great  benefit. 

As  to  the  relative  merits  of  narrow  and  wide  rings  in 
controlling  consumption,  for  equal  wall-pressures  there 
seems  to  be  no  difference.  Because  of  their  lighter 
weight  the  narrow  rings  do  not  wear  the  ring-grooves  as 
rapidly,  a  decided  advantage  in  aluminum  pistons  and  one 
that  gives  them  preference  from  that  standpoint.  In  cast- 
iron  pistons,  a  wide  ring  gives  excellent  results  once  it 
has  worn  to  a  fit. 

The  fit  of  the  rings  in  their  grooves  is  of  prime  im- 
portance. Our  experience  indicates  that  in  engines  where 
the  amount  of  oil  thrown  to  the  pistons  is  constant 
throughout  the  engine  life,  as  with  splash  systems,  the 
oil  consumption  increases  directly  with  the  increase  in 
the  ring-groove  clearance.  Therefore,  unless  the  lubri- 
cating system  and  the  pistons  are  designed  so  that  a 
minimum  quantity  of  oil  reaches  the  piston-rings  through- 


out the  normal  life  of  the  engine,  oil-pumping  will  in- 
crease as  the  rings  wear  loose  in  their  grooves. 

With  cast-iron  pistons  and  rings  of  moderate  width, 
the  wear  is  not  particularly  rapid,  although  in  motor- 
truck work  it  becomes  noticeable  in  less  than  a  year  of 
service  as  a  general  rule.  With  aluminum  pistons  the 
wear  is  much  more  rapid  and  unless  the  oil  supply  is 
controlled  effectively  by  other  means,  excessive  consump- 
tion results.-  To  avoid  this  increase  in  ring-groove  clear- 
ance, rings  have  been  made  that,  due  to  their  design,  stay 
tight  in  the  grooves  throughout  their  life.  A  typical 
ring  of  this  kind  is  shown  in  Fig.  1  at  the  right.  This 
ring  we  have  found  particularly  effective  in  overcoming 
oil-pumping  under  a  wide  range  of  conditions. 

The  benefits  of  such  rings  are  usually  slight  when 
compared  with  new  and  tightly  fitted  rings  but  show  up 
to  a  marked  degree  in  long  service.  One  example  of  this 
was  a  %y<L  x  5-in.,  four-cylinder  engine  that  was  fitted 
with  rather  heavy  aluminum  pistons  having  approximate- 
ly 0.007-in.  clearance.  Using  two  plain  rings  above  the 
piston-pin  and  one  scraper  ring,  the  oil  consumption  was 
about  60  miles  per  qt.  of  a  medium-bodied  oil.  When  the 
second  ring  was  replaced  with  a  ring  of  the  type  men- 
tioned, the  distance  increased  to  approximately  150  miles 
per  qt.  and  remained  at  that  point  until  the  pistons  were 
discarded  because  of  excessive  slap  after  some  8000  miles 
of  service.  During  this  time  the  clearance  of  the  other 
rings  had  increased  to  a  marked  degree.  Numerous  other 
similar  cases  are  on  record.  While  the  scraper  or  skirt 
ring  apparently  has  only  a  slight  effect  in  most  cases  in 
reducing  the  oil  consumption,  it  is  of  value  in  keeping 
the  wear  of  the  cylinder  bore  uniform. 

Oil  Grooving 

The  use  of  a  properly  designed  drain  groove  with 
adequate  return-holes  is  a  great  help  in  keeping  oil 
consumption  low,  particularly  after  the  rings  have  be- 
come somewhat  loose  in  their  grooves.  While  it  has 
sometimes  been  the  case  with  new  engines  that  oil- 
return  grooves  have  not  shown  much  saving,  in  engines 
that  have  become  somewhat  worn  they  have  proved  help- 
ful almost  invariably. 

Several  different  forms  of  return  groove  have  been 
used.  One  of  the  earliest  and  most  common  types  is 
shown  in  Fig.  2  at  the  left.  For  this  the  bottom  edge 
of  the  lower  ring-groove  is  beveled  off  slightly  and  a 
series  of  holes  drilled  from  this  bevel  into  the  inside  of 
the  piston.  Where  the  drain  holes  are  of  sufficient  size 
and  number  and  the  space  for  oil  collection  provided 
by  the  bevel  is  of  adequate  size,  this  form  of  return  is 
effective.  It  has,  however,  the  decided  disadvantage  of 
reducing  the  area  that  supports  the  ring.  Consequently, 
the  ring-groove  clearance  tends  to  increase  more  rapidly 
than  it  otherwise  would,  thus  defeating  the  purpose  of 
the  groove. 

A  more  desirable  form  of  groove  is  shown  in  the 
center  of  Fig.  2.  With  this,  a  full  support  of  the  ring 
is  provided,  together  with  a  larger  space  for  the  accumu- 
lation of  the  excess  oil.  In  some  engines  the  most  effect- 
ive return  has  been  by  holes  drilled  in  the  bottom  of  the 
lower  ring-groove  as  indicated  at  the  right  in  Fig.  2. 
In  these  the  best  results  have  been  secured  when  the  ring 
was  slightly  loose  in  its  groove  and  when  using  a  light- 
bodied  oil.    Examples  of  this  have  already  been  given. 

The  size,  number  and  location  of  the  drain  holes  is 
an  important  factor.  Holes  smaller  than  3/32-in.  diam- 
eter are  apparently  ineffective  unless  a  large  number  are 
used.  With  3  32  or  %-in.  holes,  spaced  approximately 
1%  in.  apart,  satisfactory  results  are  generally  obtained. 
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With  certaii  !  has  been  found  that  the 

drain  holes  are  effective  onlj  when  placed  aa  indicated 
in  Fig.  •"..  When  the  holes  are  drilled  on  360  deg.  of 
the  groove,  the  consumption  increases.  This  is  an  un- 
il  condition  and  one  that  has  not  yet  been  explained 
fu'ly  but  is  now  under  development. 

Tht  ng  comments  regarding  grooving  apply  to 

the  more  conventional  types  of  cast-iron  and  aluminum 
The  latest  forms  of  constant-clearance  alumi- 
num are  inherently  self-draining  and  should  per- 
form satisfactorily  provided  the  rings  do  not  wear  loose 
in  their  grooves  too  rapidly  and,  what  is  still  more  impor- 
tant, that  the  amount  of  oil  thrown  to  the  piston  is  not 
■ 

Lubricating  Systems 

During  the  past    few   years  we  have  seen  a  gradual 
trend  toward  the  use  of  the  force-feed  lubricating  system 
in  which  the  connecting-rod  dip  is  eliminated.     The  ad- 
vent of  the  V-type  engine  made  the  use  of  this  system 
nary  to  assure  a  uniform  distribution  to  the  cylin- 
Many  have  followed  this  lead  in  adopting  pressure 
ems  for  other  types,  but   the  results  as  regards  oil- 
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pumping  have  not  always  been  as  happy  as  desired.  The 
great  disadvantage  of  the  force-feed  system  from  an 
oil-pumping  standpoint  is  that  the  amount  of  oil  thrown 
to  the  cylinders  increases  in  proportion  to  the  wear  of 
the  hearings  and  that  unless  special  provision  is  made 
to  offset  it.  the  amount  of  oil  supplied  at  light  loads  is 
far  in  excess  of  the  requirements.  In  contrast  to  this 
the  oil  throw  with  splash  systems  remains  constant 
throughout  the  engine  life  and  may  be  proportioned  so 
that,  while  the  bearings  receive  ample  lubrication,  the 
cylinders  are  not  over-lubricated  beyond  the  ability  of 
the  rings  to  hold  consumption  to  a  reasonable  figure,  even 
when  worn. 

Perfection  of  bearing  fits  has  done  much  to  reduce 
the  oil  bleed  in  force-feed  systems,  but  this  is  often 
nullified  later  by  poor  repair  work  and  by  excessive 
pressures.  In  connection  with  connecting-rod  bearing 
leakage  the  ideal  design  uses  no  shims.  Where  these  are 
employed  either  the  lead-edged  or  plain  brass  shim  is 
satisfactory  only  when  fitted  properly.  If  a  bearing  fails 
from  lack  of  oil  the  lead  edge  will  be  destroyed  and 
unless  the  bearing  is  refitted  by  a  repairman  familiar 
with  the  design  that  fact  may  be  overlooked  with  re- 
sultant trouble.  For  truck  and  tractor  service  this  shim 
seems  lee  tory. 

In  the  conventional  force-feed  system  employing  a 
spring-controlled  bypass,  the  capacity  of  the  pump  is  far 
in  excess  of  the  bearing  requirements.  Consequently, 
this  excess  must  be  taken  care  of  by  the  relief-valve,  the 
adjustment  of  which  determines  the  pressure  in  the 
tern. 

When  the  car  or  truck  is  delivered  to  the  user,  the 
pressure  is  set  to  give  good  results  with  tight  bearings. 
Once  he  has  the  normal  pressure  as  shown  by  the  gage 
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fixed  in  his  mind,  it  is  extremely  difficult  to  convince 
either  the  user  or  the  average  repair-man  that  the  drop 
in  pressure  that  occurs  as  the  bearing  clearances  in- 
crease, is  not  a  danger  signal.  It  is  still  more  diffii 
to  convince  either  of  them  that  the  proper  remedy  for 
the  oil-pumping  troubles  that  accompany  the  pressure 
drop  can  be  overcome  in  part  by  a  further  reduction  in 
the  pressure,  without  endangering  the  engine. 

In  some  cases,  fixed  adjustment  relief  valves  are  used 
and  no  pressure  gages  are  employed.  With  such  designs 
wide  variations  in  the  actual  pressure  maintained  are 
certain  to  occur  unless  the  relief  valves  are  carefully 
calibrated,  after  assembly.  In  one  case  recently  investi- 
gated, the  opening  pressure  varied  from  2  to  25  oz.  in 
10  valves  taken  at  random  from  engines  and  stock.  A 
test  showed  that  the  2-oz.  valves  provided  ample  lubri- 
cation while  with  the  higher  tensions  over-oiling  was 
common.  .More  rigid  inspection  of  this  important  detail 
would  eliminate  a  source  of  much  trouble  and  expense 
to  owners  and  dealers. 

The  effectiveness  of  a  reduction  in  the  oil  pressure  in 
worn  engines  is  very  marked,  as  the  following  cases 
show.  In  the  first  an  eight-cylinder  car,  carrying  nor- 
mally about  12-lb.  pressure  under  all  conditions  of  speed 
and  temperature,  used  about  1  qt.  of  oil  for  every  50 
miles  run  and  was  carbonizing  badly.  Dropping  the 
pressure  to  5  lb.  doubled  the  oil  mileage  and  practically 
eliminated  the  carbon  trouble. 

The  other  case  was  a  fleet  of  motor  trucks  that  were 
giving  excessive  carbon  trouble.  The  pressure  in  these 
engines  ranged  from  5  lb.  when  idling  to  8  or  9  lb.  at 
governed  speed.  When  the  bypass-valves  were  set  to 
maintain  an  idling  pressure  of  1  lb.  and  a  maximum  of 
from  4  to  5  lb.,  the  carbon  trouble  was  eliminated,  the 
average  mileage  per  quart  increased  from  18.5  to  31.6, 
and  no  bearing  trouble  developed. 

The  experiences  we  have  had  with  pressure  systems 
indicate  that  a  far  smaller  amount  of  oil  is  required  to 
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Fig.    4 — Diagrammatic    Sketch    of    a   Device    Developed    bt   the 
Author  for   Overcoming   Oil-Pumping  and   Dilution 

lubricate  a  bearing  adequately,  and  incidentally  the  cylin- 
ders and  the  pistons,  than  is  generally  supposed.  Con- 
sequently, a  marked  reduction  in  the  pressure  and  the 
volume  of  the  oil  supply  will  be  of  material  advantage 
in  reducing  the  oil  consumption. 

It  may  be  contended  that  to  meet  the  demands  of  ex- 
treme loads  and  speeds  a  large  volume  of  oil  is  needed. 
There  is  some  question  in  regard  to  this,  as  in  many 
instances  we  have  subjected  engines  to  just  such  tests 
with  a  reduced  oil  supply,  and  always  without  damage. 
However,  if  it  is  felt  that  this  over-supply  is  needed, 
some  form  of  throttle  or  vacuum  control  of  the  oil  pres- 
sure should  be  used  to  take  care  of  the  prevailing  periods 
of  light  load. 

Another  method,  which  is  more  simple,  is  to  provide 
an  adjustable  bleed  in  the  pump  delivery  line  that  will 
allow  the  escape  of  sufficient  oil  to  reduce  the  oil  pressure 
at  low  speeds  materially,  while  not  preventing  the  de- 
velopment of  high  pressures  at  increased  speeds. 

A  Novel  Method  of  Controlling  Oil-Pumping 

Earlier  in  this  paper  it  was  mentioned  that  oil-pump- 
ing had  been  controlled  by  creating  a  vacuum  in  the 
crankcase  to  balance  that  in  the  intake.  This  idea  has 
been  applied  in  a  very  interesting  way  that  not  only 
tends  to  reduce  oil-pumping  to  a  marked  degree,  but 
also  shows  prospects  of  controlling  our  dilution  and 
emulsion  problems. 

Referring  to  the  diagram  in   Fig.   4,   a  connection  a 


is  made  to  the  cylinder  wall  at  a  point  that  coincides 
with  the  lower  limit  of  the  travel  of  a  groove  b,  located 
on  the  piston  below  the  ring  next  above  the  piston-pin. 
A  short  vertical  groove  intersecting  the  circumferential 
groove  and  in  line  with  the  hole  for  the  connection,  is 
also  cut  in  the  piston.  The  connection  a  leads  to  a 
heater  c  that  is  connected  to  the  exhaust  manifold  by 
the  pipe  d  and  thence  to  a  separator  e.  From  the  upper 
part  of  this  device  a  connection  /  is  made  to  the  intake- 
manifold  gr.  The  lower  part  of  the  separator  is  cut  off 
from  the  upper  by  a  valve  and  leads  to  the  crankcase  h. 
On  the  side  of  the  piston  opposite  the  connection  a  hole 
is  drilled  through  the  groove  into  the  inside  of  the  piston. 

In  the  operation  of  the  device  the  suction  in  the  mani- 
fold is  communicated  to  the  groove  on  the  piston,  while 
the  latter  is  near  the  bottom  of  its  travel,  and  during 
approximately  90  deg.  of  crank  rotation.  The  vacuum 
created  draws  into  the  heater  any  oil  or  oil  and  fuel 
mixture  that  collects  in  the  groove  and  with  it  a  small 
amount  of  air.  In  passing  through  the  heater  the  mix- 
ture is  heated  by  the  exhaust  to  a  temperature  of  about 
375  deg.  fahr.  On  reaching  the  separator  any  fuel  or 
water  present  in  the  oil  is  evaporated  and  carried  into 
the  manifold.  The  remaining  oil  is  passed  into  the  bot- 
tom of  the  separator  from  which  it  flows  back  to  the 
crankcase.  To  maintain  on  the  other  pistons  the  vacuum 
that  would  be  destroyed  when  the  upward  travel  of  the 
piston  uncovered  the  connection  to  the  heater,  a  lip  is 
cast  or  fastened  on  the  lower  edge  of  the  piston.  This 
keeps  the  connecting  hole  covered  at  all  times. 

The  results  of  some  tests  of  this  device  on  a  number 
of  different  cars  and  trucks  of  varying  lengths  of  service 
and  conditions,  show  an  increase  in  mileage  per  gallon 
of  oil  ranging  from  100  to  400  per  cent.  These  tests 
were  not  short  runs,  but  were  carried  on  over  periods 
of  a  year  or  more.  As  the  effect  of  this  device  in  con- 
nection with  dilution  is  to  be  presented  in  another  paper 
at  a  later  date,  it  will  only  be  mentioned  in  passing. 
However,  the  results  seem  to  be  very  satisfactory  and 
show  that  we  have  in  prospect  another  method  of  solving 
the  dilution  problem. 

Conclusions 

(1)  The  lubrication  requirements  of  engines,  partic- 
ularly in  passenger  cars,  do  not  demand  the  volume 
of  oil  supplied  by  force-feed  systems.  Under  nor- 
mal operating  conditions  the  volume  of  fuel  burned 
is  inadequate  to  consume  completely  the  amount  of 
oil  passing  the  pistons 

(2)  Oil-return  grooving  is  desirable  in  all  cases  and 
special  rings  may  be  required  to  control  the  excess 
oil  supply  caused  by  the  wear  in  uncontrolled 
force-feed  systems 

(3)  More  rigid  inspection  of  piston-rings  and  greater 
care  in  fitting  them  on  the  pistons  will  remove  a 
common  cause  of  oil-pumping.  Oil-pressure  relief 
valves  should  be  carefully  calibrated  and  set  for 
lower  pressures 

(4)  Some  form  of  throttle  or  vacuum  control  is  essen- 
tial with  force-feed  systems,  particularly  when 
used  on  passenger-car  engines 

(5)  Oil-pumping  and  dilution  can  be  reduced  by  a  new 
device  that  draws  from  the  pistons  any  excess  oil 
or  liquid  fuel  present,  the  latter  being  driven  off 
by  heat  and  delivered  to  the  intake-manifold  while 
the  oil  is  returned  to  the  crankcase 
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THE  object  <>t*  tin'  paper  ia  to  consider  some  of  the 
fundamental   factors  thai    affect   oil  consumption; 
it  dors  nut  dwell  upon  the  differences  between  lubricat- 
ing systems.     Beyond  the   fad   that   different  oils   ap- 
■  ntly  affect  the  oil  consumpt  tat  thi  »e  is  a 

definite  relation  between  viscosity  and  umption, 

effect  of  the  physical  characteristics,  or  the  quality 

the  oil,  does   not    receive    particular   attention. 
The  methods  of  testing  are  described  and  the  subject 
rided  into  i"i   the  controlling  influen  pis- 

11  .1  cylinders;  (6)  the  controlling  influence 
the  source  from  which  the  oil  is  delivered  to  the 
cylinder  wall.  The  subject  is  treated  under  headings 
that  include  the  piston-ring;  the  effects  of  oil-return 
holes,  side-clearance  and  ring  motion;  thin  rings;  in- 
fluence of  piston  tit;  efficiency  of  the  scraper-ring;  ring 
and  cylinder  contact;  carbonization  and  spark-plug 
fouling;  oil-supply  control;  influence  of  oil  viscosity; 
effects  of  dilution;  external  oil  leaks  and  breather  dis- 
charge, and  influence  of  controlling  lubrication  in  pro- 
on  to  throttle  opening. 

THE  subject  of  oil  consumption,  relating  particu- 
larly to  automotive  engines,  is  one  of  importance, 
i  realize  the  attention  and  effort  that  have  been 
directed  toward  a  solution  of  many  of  its  problems  by 
both  the  oil  companies  and  the  engine  and  vehicle 
builders. 

From  the  owner's  standpoint,  the  question  of  oil  con- 
sumption in  all  its  phases  becomes  of  interest  sooner  or 
later.  He  is  perhaps  more  interested  in  the  troubles  that 
he  has  experienced  that  result  from  excessive  oil  con- 
sumption or,  as  it  is  generally  understood,  oil-pumping. 
Over-oiling  of  this  character,  which  occurs  under  aver- 
age driving  conditions  and  causes  excessive  carbon  de- 
posit and  fouling  of  the  spark-plugs,  results  in  unsatis- 
factory operation  of  the  engine.  However,  these  symp- 
toms are  not  necessarily  characteristic,  and  engines  that 
are  not  directly  subjected  to  these  troubles  will  use  ex- 
ive  quantities  of  oil;  from  an  economic  standpoint, 
this  phase  warrants  consideration.  The  economic  view- 
point of  oil  consumption  is  more  important  in  truck 
and  tractor  engines,  or  those  that  are  used  in  com- 
mercial service,  where  oil  consumption  affects  oper- 
ating costs.  The  object  of  this  paper  is  to  consider 
e  of  the  fundamental  factors  that  affect  oil  consump- 
tion and  it  will  not  dwell  extensively  on  the  difference  in 
lubricating  systems  which,  as  will  be  self-evident,  have 
an  influence  on  oil  consumption.  Different  oils  appar- 
ently affect  oil  consumption  and  there  is  a  definite  rela- 
tion between  viscosity  and  oil  consumption  which  can 
be  attributed  al  causes  that  will  be  discussed  but, 

nis,  the  effect  of  physical  characteristics  or  qual- 
ity of  the  oil  will  not  re  1 1  icular  attention. 

The  extent  of  dilution  has  an  important  bearing  on  oil 
consumption  in  its  effect  in  lowering  the  viscosity  of  the 
oil  so  that  it  cannot  be  controlled  as  readily.     In  pa 
ger-car  engines  particularly  the  operator  is  likely  to  be- 
lieve that  his  oil  consumption  is  very  small  for  the  reason 


that    the   added   diluent  compensates   for  the   actual   oil 
consumed. 

Apart  from  over-oiling  as  evidenced  by  excessive  car- 
bon, fouled  spark-plugs  and  the  like,  what  constitutes 
reasonable  oil  consumption?  In  commercial  service, 
where  operating  costs  must  be  kept  to  a  minimum,  per- 
haps the  oil  consumption  should  bear  a  definite  relation 
to  fuel  consumption.  The  actual  amount  of  oil  required 
to  lubricate  the  engine  properly,  particularly  the  pistons 
and  cylinders,  is  surprisingly  small  and,  because  the  oil 
pumped  to  the  combustion-chamber  is  the  chief  source 
of  oil  consumption,  attention  necessarily  is  directed  to 
controlling  the  extent  to  which  oil  reaches  the  combus- 
tion-chamber. The  wide  variation  in  oil  consumption 
with  different  heavy-duty  engines  is  well  represented  by 
the  figures  in  Table  1.  These  figures  have  been  collected 
from  engines  of  different  types,  working,  in  most  cases, 
under  actual  service  conditions.  The  basis  of  compar- 
ison is  the  oil  consumed  per  brake  horsepower  hour  and, 
while  this  is  not  a  direct  indication  of  the  relative  con- 


TABLE    1 — OIL   CONSUMPTION 

Engine 

Type 

Speed,  r.p.m. 

Horsepower 

A 

Tractor 

.... 

A 

Tractor 

.... 

A 

Tractor 

.... 

.... 

A 

Tractor 

.... 

.... 

S 

Tractor 

20.0 

F 

Tractor 

18.0 

WB 

Tractor 

25.0 

C 

Tractor 

18.0 

c 

Tractor 

.... 

27.0 

AR 

Tractor 

.... 

30.0 

AR 

Tractor 

20.0 

RI 

Tractor 

16.0 

I 

Tractor 

20.0 

I 

Tractor 

16.0 

'N, 

Truck* 

37.0 

N, 

Truck" 

30.0 

N3 

Truck" 

27.5 

A 

Truck 

1,500 

33.0 

A 

Truck 

1,200 

35.0 

Hours 

Oil 

Consumption, 

gal. 

Operated 

Total 

Per  Hr. 

Per  B.  Hp-Hr. 

97.00 

0.2070 

379.57 

0.1430 

426.59 

0.1370 

2,997.00 

0.1500 

37.00 

9.7500 

0.2630 

0.01320 

34.00 

3.7500 

0.1100 

0.00620 

44.00 

3.3800 

0.0770 

0.00370 

40.00 

8.0000 

0.2000 

0.01110 

37.00 

11.5000 

0.3100 

0.01150 

35.00 

15.5000 

0.4420 

0.01470 

44.00 

5.0000 

0.1120 

0.00560 

33.00 

4.3800 

0.1330 

0.00830 

30.00 

8.0000 

0.2670 

0.01330 

32.00 

4.7500 

0.1490 

0.00930 

5.00 

(1.4250 

0.0850 

0.002:i0 

4.00 

0.0935 

0.0234 

•0.00580 

4.00 

l.OOO.OO*1 

0.1200 

0.00:;r,i 

500.00" 

0.0500 

0.001  13 

'M.S.A.E. — Chief  engineer,  Northway  Motor  ft  Mfg.  Co.,  Detroit. 


"Maximum  dilution,    I  "i   to  2.0  percent. 
h '  'ontinuous. 
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sumption,  it  is  based  on  the  assumption  that  the  engine 
speeds  are  nearly  the  same  and  that  the  horsepower  out- 
put therefore  indicates  the  size  of  the  engine. 

Oil  consumption  in  passenger  cars  usually  is  computed 
on  the  basis  of  miles  per  gallon.  It  is  possible  to  obtain 
figures  as  low  as  50  and  as  high  as  2000  miles  per  gal. 
As  indicated  previously,  in  ordinary  service  with  low 
average  speeds,  the  oil  consumed  may  be  negligible;  in 
fact,  it  is  possible  that  more  fluid  can  be  taken  from  the 
crankcase  after  service  than  was  originally  put  in.  On 
the  other  hand,  engines  or  cars  that  will  exhibit  this 
characteristic  will  consume  unreasonable  quantities  at 
continued  speeds  of  30  m.p.h.  or  over.  An  instance  of 
this  character  which  indicates  a  fairly  general  condition 
is  indicated  in  Table  2. 


TABLE   2 — OIL  CONSUMPTION 

Car  No.  1  2  lc  2C 
Number  of  Cylinders  8  8  8  8 
Average  Speed,  m.p.h.  15  15  40  40 
Total  Miles  Run  600  500  50  50 
Oil  Consumption''  0  0.5  4-5.75  11 
Dilution  per  Gallon,  per  cent  40  10  0  0 
Oil  Consumption,  Excluding  Dilu- 
ent, miles  per  gal.                          860     835  92     581 

Same  cars  on  a  speedway,  at  411  m.p.h. 
*  The  consumption  for  Cars  Nos.  1  and  2  is  given  in  gallons, 
in   pounds  and   ounces  for  Car  No.   3   and  in  ounces  for  Car 
No    4 


Methods  of  Testing 

In  the  study  of  oil  consumption  there  are  several 
methods  in  which  comparative  tests  can  be  conducted. 
First,  of  course,  tests  under  actual  operating  conditions 
are  necessary  to  determine  the  average  oil  consumption 
and  the  general  efficiency  of  the  lubricating  system.  How- 
ever, this  method  is  not  satisfactory  in  studying  funda- 
mentals, the  chief  difficulty  being  that  it  is  not  possible 
to  have  or  control  similar  conditions  of  operation  and 
equipment.  Several  methods  were  used  in  making  ob- 
servations in  the  laboratory. 

( 1 )  Obtaining  the  oil  consumption  under  working  con- 
ditions, properly  controlling  all  the  affecting  factors 

(2)  Measuring  the  quantity  of  oil  pumped  through  the 
exhaust  of  individual  cylinders 

(3)  Studying  the  extent  of  the  oil  passing  the  pistons 
to  the  combustion-chamber  with  the  cylinder-head 
removed 

Method    (3)    gives  very   good   results   when   checking 


Fig.   1 — Sectional  View   Showing  the  Construction  of  the 
Engine  upon-  Which   the  Tests  Were  Made 


fundamentals  and  is  related  closely  to  the  results  ob- 
tained by  methods  (1)  and  (2).  In  any  case,  in  conduct- 
ing oil-consumption  tests  it  will  be  found  that  consider- 
able variation  in  results  is  likely  to  be  obtained  unless 
great  care  is  taken  and  until  some  fundamental  has  really 
been  found.  For  this  reason  any  small  improvements  or 
changes  in  oil  economy  that  may  be  effected  by  the  use 
of  or  changes  in  detail  are  not  to  be  relied  upon. 

In  studying  the  extent  of  oil-pumping  by  an  observa- 
tion of  the  amount  collecting  on  top  of  the  piston,  the 
quantity  of  oil  passed  by  is  in  excess  of  that  which  is 
used  under  working  conditions,  which  assumption  is 
drawn  from  the  relative  quantities  of  oil  used.  Every 
stroke  of  the  piston  functions  the  same,  not  being  af- 
fected by  the  pressures  existing  in  the  cylinder  during 
the  cycle,  the  compression,  expansion  and  exhaust  pres- 
sures evidently  having  a  beneficial  influence  and  exer- 
cising more  control  than  the  effects  of  suction. 

Before  proceeding  to  a  complete  analysis,  it  is  neces- 
sary to  separate  the  subject  into  two  classes  (a)  the  con- 
trolling influence  of  the  pistons,  rings  and  cylinders;  and 
(b)  the  controlling  influence  of  the  source  from  which 
the  oil  is  delivered  to  the  cylinder  wall. 

It  generally  is  assumed  that  the  piston-rings  exercise 
the  most  important  part  in  controlling  the  extent  of  oil- 
pumping.  This  is  substantiated  by  the  extraordinarily 
large  number  of  different  types  of  ring  that  claim  in  one 
way  or  another  to  control  the  oil  consumption  and  elim- 
inate the  troubles  usually  associated  with  over-oiling. 
There  are  well  established  definite  and  fundamental  prin- 
ciples that  must  be  observed  in  the  application  of  the 
rings  to  the  piston,  and  the  problem  is  one  of  maintain- 
ing the  efficiency  indefinitely.  Unfortunately,  the  ma- 
jority of  replacement  rings  have  no  fundamental  quality 
in  themselves  that  affects  or  exercises  control  over  the 
oil  consumption  and,  in  most  instances  where  replace- 
ments are  made,  equally  good  results  would  be  obtained 
by  employing  ordinary  plain  piston-rings. 

An  engine  upon  which  some  of  the  tests  were  con- 
ducted is  illustrated  in  Fig.  1 ;  its  construction  is  self- 
evident.  It  has  a  full  pressure-feed  lubricating  system, 
separate  cylinder  sleeves  and  the  oil  reservoir  is  divided 
into  several  compartments  to  filter  the  oil  adequately. 

The  Piston-Ring 

While  the  piston-ring  primarily  is  used  to  retain  com- 
pression in  the  cylinder,  it  has  become  necessary  that  the 
ring  regulate  or  control  the  extent  of  the  lubrication  of 
the  cylinder  walls.  Let  us  consider  for  a  moment  the 
action  of  the  piston-ring  in  traveling  the  surface  of  the 
cylinder  already  coated  with  oil-film.  During  the  expan- 
sion and  suction  strokes,  when  the  ring  is  traveling  down, 
it  is  presumed  that  it  scrapes  or  pushes  the  excess  oil 
adhering  to  the  cylinder  walls  in  front  of  it.  In  any 
case,  this  is  exactly  what  the  ring  is  required  to  do.  The 
factors  that  apparently  affect  the  efficiency  of  the  ring  in 
performing  this  duty  are  the  thickness  of  the  oil-film  and 
the  volume  of  oil,  the  unit  pressure  between  the  ring  and 
cylinder,  which  determines  its  ability  to  break-down  the 
oil-film,  and  the  character  of  the  leading  edge  of  the  ring. 

The  thickness  of  the  oil-film  depends  upon  the  viscosity. 
In  this  connection  it  should  be  emphasized  that  the  tem- 
perature of  the  oil  in  the  main  body  of  the  oil-pan  is  not 
necessarily  at  the  same  temperature  as  the  oil-film  on  the 
cylinder  wall  and,  except  under  conditions  where  the 
cylinders  are  relatively  cool,  there  is  little  variation  in 
the  viscosity  on  the  cylinder  wall.  Quantitatively,  of 
course,  there  will  be  more  or  less  oil  on  the  cylinder  wall, 
depending  upon  the  extent  to  which  the  oil  is  thrown 
from  the  connecting-rod  and  crankshaft  bearing  which, 
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influi 
The  unit  pressure  between  the  ring  and  the  cylinder 

wall  has  some  effect  on  the  effi  of  the  ring  in  dis- 

placing the  oil  from  the  cylinder  wall.     With  conventional 

iron  piston-rings,  the  wall  pressure  necessarily  is 
limited  by  the  stress  that  can  lie  imposed  on  the  ring  ma- 
terial if  it  is  to  operate  against  the  cylinder  wall  due  to 

nherent  elasticity.     The  tension  that  can  1 litained 

is  adequate,  although  the  increase  in  the  unit  pressure, 
obtained  by  a  relief  or  a  groove  in  the  face  of  the  ring  or 
by  the  use  of  thin  rings  with  a  supplementary  spring, 
will  improve  the  scraping  efficiency.  As  succeeding 
will  indicate,  however,  this  feature  in  itself  is  not 
sufficient  to  give  the  proper  results.  The  character  of 
the  leading  edge  of  the  ring  also  has  its  effect  and,  unless 
it  is  relatively  sharp,  the  ring  will  ride  over  the  surface 
of  the  oil-film.  For  this  reason  a  ring  with  a  bevel  is  of 
benefit  and,  on  the  up-stroke,  the  ring  will  ride  readily 
over  the  film.  Along  these  lines,  it  is  believed  that  the 
type  of  ring  having  an   inherent  twist,  so  that  the  unit 

-ure  on  the  bottom  edge  is  in  excess  of  that  on  the 
top,  may  be  beneficial. 

Effect  of  Oil-Return  Holes 

Substantia]  force  is  required  to  displace  the  oil-film 
adjacent  to  the  edge  of  the  ring,  and  it  is  evident  that  a 
high  pressure  exists  which,  unless  suitably  relieved  by 
the  presence  of  oil-return  holes,  breaks-down  the  seal  be- 


nt  rm;  Same  Equipment  as  in 

_■  it  \  Speed  oi    I R  P  M. 

Tin-   Difference   In   the  OH    Depo  rs    Noa   :'   and   3  as 

Compared  with  Fig.  2  Should  B<    Noticed 

tween  the  face  of  the  ring  and  cylinder.  Reference  to 
Figs.  2,  ".  and  4  clearly  illustrates  the  effect  of  oil-return 
holes.  Fig.  5  shows  the  same  ring  equipment  operating 
at  the  normal  oil  temperature  of  142  deg.  fahr.,  but  with 
oil-return  groove  and  holes  immediately  below  the  ring. 
The  improvement  is  evident.  The  ring  used  in  the  pre- 
ceding test  had  a  good  fit  in  the  groove.  However,  it  is 
recognized  that  Bidewise  clearance  increases  with  use. 

The  diagrams  and  photographs  that  refer  to  the  test 
results  are  presented  as  representative  select  inns  of  a 
iderable  number  of  tests.  Both  photographs  and 
scale  diagrams  are  shown  in  some  instances.  In  some 
cases,  scale  diagrams  alone  are  shown  because  they  offer 
a  better  comparison.  The  variation  in  ring  construction 
is  made  on  cylinders  Nos.  1  and  2,  the  same  rings  being 


used   in   each   case  and   being  placed   in  circum- 

■ntial  position.    Cylinders  Nos.  :'.  and  4  have  standard 

three  rinj uipment,    except    where    otherwise    noted. 

Cylinders  Nos.  i  ami  .".  have  similar  oil  distribution  from 
the  crankshaft,  while  cylinders  Nos.  2  ami    I  differ  as 

will  be  explained  later.  The  relative  effed  of  change  in 
ring  construction  or  the  amount  of  oil-pumping  with  the 
different  oil  distribution  can  be  compared   in  cylinders 

NOS.   1   ami  2. 

In  Fig.  2  cylinders  Nos.  1  and  2  were  equipped  with 
one  ring  and  had  mi  oil-return  holes.  Cylinders  Nos.  :'• 
and  4  were  provided  with  standard  three-ring  equipment. 
The  oil  pressure  was  12  lb.  per  sq.  in.;  the  oil  tempera- 
ture.   109    deg.    fahr.;    the    water   temperature.    127    deg. 


Fig.  l  —  Photographs  op  the  Oil  Deposits  Shown  (Above)   in 
Fig    %   \\n  i  Below)   in  Fig.  3 

fahr.;  the  speed,  500  r.p.m.;  and  the  duration  of  the  test, 
3  min. 

In  Fig.  3  the  same  conditions  prevailed  as  in  Fig.  2, 
except  that  the  speed  was  1000  r.p.m.  and  the  duration 
of  the  test  was  1  min.  The  difference  in  the  increase  in 
the  oil  deposit  on  cylinders  Nos.  2  and  3  should  be  noted. 

In  the  upper  portion  of  Fig.  5  the  oil  pressure  was 
12  lb.  per  sq.  in.;  the  oil  temperature,  156  deg.  fahr.;  the 
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-Ckankshaft  in  Which  Oil-Hole  Location  Could  Be 
Changed  for  the   Experiments 


speed,  500  r.p.m. ;  and  the  duration  of  the  test,  3  min. 
Cylinder  No.  1  had  one  ring,  with  oil-return  holes  im- 
mediately below  the  ring.  In  the  lower  portion  of  Fig.  5 
the  same  conditions  prevailed  as  in  the  upper  portion, 
except  that  the  speed  was  1000  r.p.m.  and  the  duration 
of  the  test  was  1  min. 

Fig.  6  shows  the  crankshaft,  in  which  the  oil-hole 
location  could  be  changed  during  the  experiments. 

Fig.  7  illustrates  part  of  the  equipment  used  for 
measuring  the  quantity  of  oil  pumped  through  the  ex- 
haust. 

Effects  of  Side-Clearance  and  Ring  Motion 

Digressing  for  a  moment,  let  us  consider  the  effects  of 
side-clearance  on  the  ring.  During  the  down-stroke  of 
the  piston,  the  ring  is  contacting  with  the  upper  face  of 
the  groove  leaving  the  clearance  at  the  lower  edge;  on 
the  up-stroke,  the  condition  is  reversed.  Having  recog- 
nized that  oil  pressure  is  built  up  on  the  under  side  of 
the  ring,  it  follows  that,  if  the  ring  is  not  seating  on  the 
groove,  the  oil  will  pass  through  to  the  rear  of  the  ring. 

The  three  factors  which  control  the  movement  of  the 
ring  relative  to  the  piston  are  the 

(1)  Inertia  of  the  ring  itself  or  its  resistance  to  accel- 
eration 

(2)  Friction  of  the  ring  against  the  cylinder  wall 

(3)  Effects  of  pressure  within  the  combustion  chamber 
Fig.  8  shows  the  inertia  and  friction  forces  operating 

on  the  ring  at  1000  r.p.m.,  indicating  that  the  position 
of  the  ring  does  not  change  in  respect  to  the  groove.  At 
higher  speeds,  however,  the  position  changes  before  the 
end  of  the  stroke. 

The  effect  of  side-clearance  on  oil-pumping  is  illus- 
trated in  the  two  portions  of  Fig.  9.  The  oil  is  pumped 
up  very  rapidly,  with  or  without  an  oil-return  hole  below 
the  ring.     At  500  r.p.m.   piston  No.   1   is  covered  com- 


pletely in  1  min.,  but  it  becomes  full  in  0.3  min.  at  a  speed 
of  1000  r.p.m.  In  the  upper  portion  of  Fig.  9  cylinders 
Nos.  1  and  2  each  have  one  ring  with  a  0.005-in.  side- 
clearance  and  cylinders  Nos.  3  and  4  are  provided  with 
standard  three-ring  equipment.  At  a  speed  of  500  r.p.m. 
and  a  duration  of  test  of  3  min.,  cylinder  No.  1  fills  up 
in  1  min.  In  the  lower  portion  of  Fig.  9  the  conditions 
are  the  same  as  in  the  upper  portion,  except  that  the 
speed  is  1000  r.p.m.  and  the  duration  of  test  1  min. 
Cylinder  No.  1  fills  up  in  0.3  min.  Fig.  9  should  be  com- 
pared with  Fig.  5. 

In  this  connection  consideration  should  be  given  to  the 
extent  of  the  side-clearance  that  occurs  in  the  ring- 
groove.  With  cast-iron  pistons  and  rings  the  initial  fit 
can  be  established  fairly  well  and,  under  operating  condi- 
tions, the  expansion  of  the  ring  is  practically  the  same  as 
that  of  the  groove;  consequently,  no  additional  clearance 
occurs  until  the  ring  or  groove  becomes  warm.  It  is  not 
possible  to  determine  when  increased  clearance  will 
occur,  as  this  depends  on  the  conditions  under  which  the 
engine  is  operating.  With  a  three-ring  piston  the  actual 
clearance  will  vary  from  the  top  down  in  about  the  fol- 
lowing relation:  upper,  0.010  in.;  second,  0.006  in.;  and 
third,  0.003  in. 

The  extent  of  side-clearance  unquestionably  is  the 
factor  that  is  responsible  for  any  difference  between 
cast-iron  and  aluminum  pistons.  Regardless  of  the 
accuracy  of  the  fit  of  the  ring  in  the  groove,  the  differ- 
ence in  expansion  between  the  ring-groove  and  the  ring 
on  an  aluminum  piston  produces  initial  clearance  in  ex- 
cess of  that  required  to  effect  the  proper  seal  and  increase 
in  the  rate  of  wear  between  the  ring  and  groove  because 
of  the  initial  reciprocation.  The  use  of  oil-return  holes 
in  the  ring-groove  at  the  back  of  the  ring  is  very  bene- 
ficial when  the  ring  has  side-clearance  so  that  the  oil  has 
access  to  the  space  back  of  the  ring. 


Fig.  7- 


-Part  of  the  Equipment  for  Measuring  the  Quantity  of 
Oil  Pumped  Through  the  Exhaust 
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Crank  Position,  deg. 

Fig.  S — Diagram  Showing  the  Unit  Pressure  on  the  Ring-Groove 

Produced  by  Friction  and  Inertia  Forces  of  Rings  of  Different 

Widths  at  1000  R.P.M. 

The  two  halves  of  Fig.  10  indicate  the  benefits  of  these 
oil-return  holes.  In  the  upper  view  the  engine  is  oper- 
ated at  500  r.p.m.  and  at  1000  r.p.m.  in  the  lower,  the 
equipment  being  the  same.  It  is  obvious  that,  with  holes 
so  located,  particularly  when  used  in  a  ring-groove  above 
the  piston-pin,  the  ring  is  useless  for  retaining  the  com- 
pression. Cylinders  Nos.  1  and  2  each  have  one  ring  with 
0.005-in.  side-clearance,  and  oil-return  holes  in  the  ring- 
groove.  Cylinder  No.  3  has  rings  %  in.  wide  and  no 
relief-holes.  The  duration  of  the  test  was  3  min.  for 
the  upper  view  and  1  min.  for  the  lower.  Fig.  10  should 
be  compared  with  Fig.  9. 

Thin  Rings 

The  influence  of  ring  thickness  on  side-clearance  has 
received  considerable  attention,  particularly  for  use  with 
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aluminum  pistons.  Reduction  in  ring  thickness  unques- 
tionably reduces  the  relative  clearance.  The  weight  of 
the  ring  itself  is  reduced,  consequently  decreasing  the 
Inert  of  the  ring.    The  relative  forces  with  rings 

of  different  thicknesses  are  represented  in  Fig.  8.  Funda- 
mentally, however,  thej  cannot  solve  tin'  difficulty.  A 
multiplicity  of  thin  rings  in  a  narrow  groove  would  pro- 
vide a  good  solution.  They  must  be  made  of  steel  rather 
than  cast-iron,  and  they  must  be  hard  bo  that  they  will 
not  lap  the  bore  and  cause  excessive  wear.  An  effective 
unit-pressure  of  the  ring  against  the  wall  could  be  well 
maintained  and,  likewise,  the  inertia  effects  of  the  por- 
tions of  the  ring  would  be  dampened  out  by  the  oil-film 
•  een  the  several  rings.  Circumferential  sealing  also 
would  be  improved.  Piston  No.  3  in  Fig.  10  is  equipped 
with  four  '((-in.  rings  above  the  piston-pin  without  any 
relief-holes,  from  which  it  would  seem  that  no  benefits 
are  obtained. 

mbining  all  the  essential  requirements  of  a  ring,  it 

a  that  a  ring  of  two-piece  construction  capable  of 

sidewise  expansion  is  desirable.     It  is  important,  how- 
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9 — Test     Results     Obtained     (Abovb)     at     500     R.P.M.    and 
(Bexow)   at  1000  R.P.JtT. 
1    and    2    Had   One   RiiiK   with   a   Side  Clearance    of 
Other  Two   Had   Standard   Three-Ring  Equip- 
ment     The   Lower  Speed   Cylinder  N'<'.    i    Killed  in   1   Mtn.   and   in 
0.3  Mln.  at  the  Higher  Speed.     These  Diagrams  Should  Be  Compared 
with  Those  in  1 

ever,  that  sufficient  wall  pressure  be  provided;  otherwise 
the  benefits  of  the  side-seal  are  lost  with  the  inability  of 
the  ring  to  displace  the  oil  from  the  cylinder  wall 
properly. 

The  clearance  of  the  piston  in  the  cylinder  unquestion- 
ably has  some  effect  on  the  functioning  of  the  ring;  how- 
ever, this  is  not  because  an  increased  clearance  between 
the  piston  and  cylinder  permits  a  larger  quantity  of  oil 
to  accumulate.  From  a  fundamental  standpoint  the  oil- 
film  is  not  likely  to  be  any  thicker  with  a  loose  piston 
than  a  tight  one.  The  oil  pressure  built  up  ahead  of  the 
ring,  however,  is  increased  with  the  closer  fit  because  the 
oil-film  is  confined  more  closely. 

Piston  fit  in  the  cylinder  has  an  appreciable  effect  on 
the  wear  of  the  rings;  on  both  the  outside,  which  con- 
with  the  cylinder  wall,  and  the  sides  contacting 
with  the  ring-groove.  It  is  evident  that  the  piston  will 
rock  in  the  cylinder  to  the  extent  of  the  clearance,  and 
that  it  tends  to  form  a  convex  surface  on  the  outside  of 
the  ring,  completely  destroying  its  oil-scraping  efficiency. 
The  continual  sliding  back-and-forth  of  the  ring  upon  the 
seat  wears  the  ring-groove  very  rapidly,  and  it  is  be- 
lieved it  is  more  responsible  for  wear  than  the  actual 
pressure  exerted  by  the  ring  on  the  groove  because  of  its 
reciprocation. 

On  the  basis  that  the  ordinary  ring  is  likely  to.  carry 
up  as  much  oil  as  it  will  scrape  down,  the  use  of  the 
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Fig,    hi — How  the   Presence  of  Oil-Rbfubn   Holbs   affects  the 

Kim    >        ,  ..      I  Hi.    |  IKFOSITS 

aders   Nos,    i   and   2    Wen    Equipped   with  Oni    Ring    Having  a 
Side  Clearance  ol   in    and   Had  Oil  Return   Holee  In   the  Rlne- 

"     W  Wl<    Cj i.  r   Mo    S    Was    Fitted    with    Ring  i    >,    In    Wide 

and    No    Relle     Holes      The    Uppei     Drawing     Show     ffie    l  Jesuit! 

Obtained  iU  500  R.P.M.  and  tin-  i.,,w.t  <>,„■  t ,  ,„.,)  .,,  Umh> 

R.P.M.      ii"         i:      .Us  Should    Be  Compared   with   Those  of  Fig.    9 

fourth  ring  below  the  piston-pin  is  of  little  advantage, 
except  that  it  maintains  its  fit  and  condition  very  much 
better  than  the  others  and  therefore  has  merit.  Funda- 
mentally, the  use  of  a  fourth  ring  placed  at  the  lower 
end  of  the  piston  increases  the  amount  of  oil  to  be 
handled.  It  follows  that  the  scraper-ring  itself  travels 
oyer  a  filmed  surface  equivalent  to  the  stroke  of  the 
piston,  while  the  upper  rings  also  travel  over  a  surface  of 
similar  length,  the  accumulated  travel  being  greater  and 
the  oil  consequently  being  relayed  from  one  ring  to  the 
other.  It  is  interesting  to  observe  that,  without  any 
ring  on  the  piston,  absolutely  no  oil  is  passed  up,  the 
piston  sliding  over  the  lubricating  film  without  disturb- 
ing it. 

Ring  and  Cylinder  Contact  Effects 

Plain  rings  change  their  position  circumferentially  in 
the  cylinder  and,  if  the  cylinders  are  out-of-round,  which 
is  usual,  due  to  unequal  expansion  and  the  like,  consider- 
able oil  will  be  passed  by  the  rings.  It  was  evident  in  all 
the  tests  that  have  been  conducted  that  the  location  of 
the  ring  circumferentially  is  very  important  and,  in 
duplicating  results,  it  is  necessary  to  pin  the  rings  so 
that  they    cannot    rotate.     To    illustrate    the   extent    to 


Kn;.   li-  .\ i  the  Determination  of  Piston-Ri 

[JR] 

With    Multiple-Piece    Rings,    the    Pressures    Were    Taken    with    the 
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FIG.   12 — Sojib  of  the   Various  Types   of  Ring   with   Which  the 
Experiments  Were  Conducted 

which  contact  between  the  ring  and  cylinder  affects  con- 
sumption, the  following  comparison  is  submitted. 

As  a  result  of  using  separate  cylinder  sleeves,  it  was 
possible  to  obtain  an  ideal  comparison.  The  pistons  and 
rings  remained  undisturbed  and  new  cylinder  sleeves 
were  used,  the  engine  having  seen  considerable  service. 
With  old  rings  and  cylinders,  the  oil  consumption  was 
400  miles  per  gal.  and  with  the  same  rings  and  pistons, 
but  with  new  cylinders,  the  oil  consumption  was  150 
miles  per  gal. 

Summarizing  the  fundamental  factors  of  the  piston 
ring,  we  conclude  that 

(1)  Drain-holes  are  absolutely  essential 

(2)  An  angular-faced  piston-ring  is  beneficial 

(3)  The  proper  mechanical  fit  between  the  ring  and  the 
groove  is  essential 

(4)  Oil   relief-holes   in   the    rear   groove   are   beneficial 
when  side-clearance  occurs 

(5)  The  slot  in  the  rear  is  unimportant 

(6)  The  number  of  rings  is  unimportant 

Fig.  11  shows  the  apparatus  used  for  the  determina- 
tion of  piston-ring  pressure.  With  multiple-piece  rings, 
the  pressures  were  taken  while  the  ring  was  installed  in 
the  groove. 

Fig.  12  shows  some  of  the  various  types  of  ring  with 
which  the  experiments  were  conducted,  and  Fig.  13  illus- 
trates several  types  of  piston  that  were  installed  during 
the  tests.  Pistons  having  one  ring-groove  only  were  em- 
ployed in  obtaining  the  data  on  ring  characteristics. 

fable  3  gives  piston-ring  pressures  taken  in  the  groove 
and  taken  free.  Table  4  shows  the  relative  unit  wall- 
pressure  with  change  in  contact  area  and  face  width. 

Passing  from  a  consideration  of  the  mechanical  aspects 
of  rings  and  pistons  in  the  controlling  of  oil  passing  to 
the  combustion-chamber,  mention  should  perhaps  be  made 
of  some  of  the  factors  affecting  carbonization  and  the 

TABLE   3 — PISTON   RING.  PRESSURES 
Ring  Diameter,  Outside,  VA  in.;  Ring  Width,  -&  in. 


Kind  of  Ring 


Weight  in  Pounds,  at  Deflection  of 


0.001  in. 


0.002  in. 


0.003  in. 


Weight  Taken  on  Ring  Not  Installed  in  (iroove 


Concentric,  Hammered  

Two-Piece,  '  •uter      

Two-Pine.  Inner 
Three-Piece,  Spring  Type,  Outei 
Three-Piece,  Spring  Type,  Inner 


6.650 

I   850 
0.775 

ii  000 
0.640 


Weigh!  Taken  with  Rings  Installed  in  Groove 


Hammered 

Two-Piece 

Three-Piece,  Spi  ing  TyPe 
Hammered,  Spring  I  ]  pe 


■    7.000 

I  too 

I:;  200 
33.000 


TABLE  4 RELATIVE  WALL  PRESSURE  OF  RING  OF  3  \  o-IX. 

OUTSIDE    DIAMETER 


Deflection 

(  Kitside  Diameter  of  Ring,  3'_>  in. 

0.001  in. 

0.001  in. 

Ring 
Width, 

Normal 

Ring 

Tension, 

Lb. 

Developed 

Contact 

Area, 

Sq.  In. 

Wall  Pressure, 
Lb.  per  Sq.  In. 

In. 

Normal 

Tight 

Loose 

.3. 

16 

Vs 

3 
32 

4.5 
4.5 
4  5 

0.665 
0.404 
0.341 

6 .  75 
11.20 
13.20 

8  25 

13.60 
16.20 

5.25 

8.65 
10.20 

fouling  of  spark-plugs  after  the  oil  has  reached  the  com- 
bustion-chamber. First,  of  course,  is  the  nature  of  the 
lubricant.  It  usually  is  considered  that  the  heavier  oil 
produces  more  carbon  deposit,  although  this  is  not  al- 
ways true.  The  extent  of  the  free  carbon  in  the  lubri- 
cant has  little  effect  upon  combustion-chamber  deposits. 
In  this  respect  the  benefits  of  proper  heat  conductivity 
on  the  piston-head,  to  prevent  excessive  carbon  deposit 
on  the  inside,  should  be  observed.  The  location  of  the 
spark-plug  is  of  great  importance,  as  in  many  cases,  of 
course,  frequent  fouling  of  the  spark-plugs  has  been  a 
result  of  improper  location,  the  least  evidence  of  over- 
oiling  immediately  affecting  its  operation. 

A  typical  condition  of  cylinder-head  carbon-deposit  is 
shown  in  Fig.  14.  The  maximum  deposits  are  on  the 
side  of  the  cylinder  upon  which  most  of  the  oil  is  thrown 
from  the  crank,  the  spark-plugs  being  sufficiently  removed 
from  this  zone  to  prevent  their  becoming  carbonized. 

Control  of  the  Oil  Supply 

Control  of  the  oil  supply,  particularly  that  from  the 
bearings  to  the  cylinders,  unquestionably  has  more  in- 
fluence on  the  oil  consumption  than  the  mechanical  con- 
dition of  the  pistons  and  the  rings.  Stated  briefly,  it  is 
very  evident  that,  under  the  best  conditions,  the  rings 
and  the  pistons  can  only  exercise  a  very  definite  control 
over  the  amount  pumped  to  the  combustion-chamber. 

In  the  discussion  of  the  mechanical  aspect  of  the  pistons 
and  the  rings,  it  is  concluded  that  there  are  definite 
fundamental  conditions  that  must  exist  to  control  the  oil 


Fig.    13 — Several   Types   of   Piston   Installed   During   the  Tests 

Pistons  Having-  One  Ring-Groove  Only  Were  Employed  in  Obtaining 

the  Data  on  Ring  Characteristics 
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the  combustion-chamber  to  the  best  extent, 
and  the  problem  of  the  piston-rings  and  the  pistons  is  to 

maintain  these  fundamental  conditions.    This  same  argu- 
ment holds  for  the  control  from  the  source  of  supply.    It 
irobable  that,  with  the  very  close  fits  of  bearings,  the 
nt  of  oil  discharge  to  the  cylinders  will  be  of  such 

magnitude  that  the  rings  ran  control  it  properly.  As 
wear  of  the  bearings  occurs,  the  discharge  is  increased 
greatly  and  this  is  true  particularly  where  an  oil- 
regulating  mechanism  is  provided  that  will  maintain  the 
oil  pressure  even  though  the  bearings  become  loose. 

It  will  be  further  evident  from  the  analysis  yet  to  be 
made  that,  in  most  instances,  the  effect  of  higher  speed 
is  to  incn  quantitative  discharge  from  the  bear- 

ings and  it  will  be  shown  that,  while  ordinarily  higher 
■  I  will  increase  the  oil  consumption  considerably,  it  is 
believed  that  this  is  not  due  to  any  change  in  functioning 
of  the  piston-rings  in  keeping  the  oil  from  passing  into 
the  combustion-chamber.  In  other  words,  the  rings  will 
be  almosl  equally  efficient  within  the  ranges  of  piston 
speed  under  average  conditions,  if  they  are  fitted 
properly. 

Trucks  and  tractor  engines  that  operate  a  .large  per- 
centage of  the  time  at  governed  speeds  are  affected 
greatly  in  their  oil  consumption  by  the  bearing  condition. 
I:  is  also  true  of  passenger-car  engines  thai  a  car  will 
show  a  reasonable  economy  when  operated  at  ordinary 
driving  speeds  and,  while  this  economy  may  be  more  or 
superficial  as  a  result  of  the  dilution  that  takes  place, 
the  same  car  running  at  higher  speeds,  where  dilution 
not  become  a  factor,  will  consume  unreasonable 
quantities. 

The  consideration  of  the  oil  discharge  from  the  crank- 
case  is,  naturally,  confined  largely  to  pressure-feed  sys- 
tems. With  splash  feed  for  the  connecting-rods,  the 
amount  thrown  onto  the  cylinder  wall  depends,  of  course, 
on  the  dip.  It  is  not  controlled  as  easily  except  through 
the  use  of  baffle-plate.  In  most  instances  pressure-feed 
crankshafts  are  provided  with  an  oil-hole  in  the  crankpin 
radially  outward,  in  which  position-  the  extent  of  the  oil 
discharge  is  affected  greatly  by  bearing  clearances. 

Let  us  refer  for  a  moment  to  two  diagrams  in  Fig.  15 
which  indicate  the  pressure  distribution  on  the  crankpin 
bearing  throughout  the  cycle  at  a  speed  of  500  r.p.m.  It 
is  evident  that,  throughout  the  greater  portion  of  the 
cycle,  the  pressure  on  the  pin  is  radially  outward  in  the 
region  of  the  inside  of  the  crankpin,  thus  locating  the 
clearance  in  the  bearing  on  the  outside.  As  it  approaches 
the  center  on  the  compression  stroke,  and  likewise  on  the 
expansion  stroke,  the  pressure  is  reversed. 

Fig.  16  gives  the  pressure  distribution  at  1500  r.p.m. 
under  full  load.  The  increase  in  the  magnitude  of  the 
inertia  and  centrifugal  forces,  as  the  speed  increases,  is 
such  that  the  resultant  pressure  on   the  pin  is  radially 


.nit ward  excepl  fur  an  angular  travel  of  100  deg.  during 
the  expansion  stroke.  It  is  evident  from  the-, 
that,  at  all  speeds  and  particularly  as  the  speed  increases, 
the  pressure  on  the  pin  is  concentrated  chiefly  on  the  in- 
side, thus  locating  all  of  the  bearing  clearance  on  the  out- 
Bide  of  the  pin.  When  running  under  no  load,  this  condi- 
tion is  emphasized.  It  is  clear  that,  with  the  oil-hole 
placed  on  the  outside  nt'  t  hi'  crankpin,  the  clearance  of 
the  bearing  will  be  located  in  the  vicinity  of  the  hole 
most  of  the  time,  thus  permitting  a  free  opening  through 
which  the  oil  can  be  discharged.  The  oil  discharged  from 
the  crankpin  has  a  direction  tangentially  forward  from 
the  point  of  discharge;  so,  it  will  be  evident  when  ap- 
proaching the  upper  center  that  the  oil  discharged  from 
the  crankpin  is  directly  in  line  with  the  cylinder.  Bear- 
ing wear  and  increased  clearance  will  therefore  have  a 
marked  effect  on  the  quantity  of  oil  thrown  from  the 
bearing  and,  from  the  figures  that  follow,  it  points  very 
conclusively  to  the  influence  bearing  clearance  has  on 
oil-pumping  and  oil  consumption. 

Fig.  17  is  a  reproduction  of  similar  pressure-diagrams 
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Fig.   15 — Crankpin  Bearin.;  Pressures   at  a  Speed  op  500   It  P.M. 

The   Upper    Diagram    [s    tor   the    [ntake   and   Compression   Strokes; 

the  Lowrr  for  the  Expansion  ana   Exhaust  Strokes 
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TABLE   5 OIL  CONSUMPTION 

Car 

No. 

Series  No.   1 

Type     of 
Rings 

Oil-Hole 
Location 

Total 
Miles 
Run 

Speed, 
m.p.h. 

' — Oil  Consumption,  Miles  per  Gal.^ 

r- Distributing  Hole— > 

Total             Outside             Inside 

Experimental 
Experimental 
Experimental 
Experimental 

Series  No.  2 
G 

G,  Trial  No.  1 
G,  Trial  No.  2 
G 

Series  No.  3C 
58,301 
0.  B. 
60,887 
65,629 

Standard,  Old 

New 

New,  Vs  In. 

Special 

Standard,  Old 
Special 
Special 
Standard,   Old 

0 
0 
0 
0 

0 
0 
0 

1 

50 
50 
50 
50 

50 
50 
50 
50 

50 
50 
50 
50 

40 
40 
40 

40 

40 
40 
40 

40 

40 
40 

40 

40 

76.00 
143.00 

64.00 
221.34 

139.00 
300.00 
240.00 
755.00 

156 
151 

156 
294 

389 

388 
692 

512 

8  In  this  series 
neglected. 

only  the  changes  in 

the  oil  distribution   were    considered,    losses 

from    other    sources 

being 
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Combined  Inertia  and  Gas  Pressure 

-  Resuttanrof  Combined  Inertio, 
Gas  and  Centrifugal  Forces 


Path  of  Pesulhrrfs 


Fig.   16 — Crankpin  Bearing  Pressures  at  a  Speed  op  1500  R.P.M. 

The  Upper  Diagram  Is  for  the  Intake  and  Compression  Strokes  ;  the 

Lower  for  the  Expansion  and  Exhaust  Strokes 


of  eight-cylinder  V-type  engines,  for  which  the  same 
arguments  hold  true.  To  control  the  extent  of  oil  dis- 
charged to  the  crankpin,  it  is  clear  that  the  oil-hole 
should  be  located  to  maintain  a  continuous  seal  regard- 
less of  the  bearing  clearance  and  the  speed;  therefore, 
it  should  be  in  the  zone  of  continued  pressure,  preferably 
radially  inward  on  the  inside  of  the  crankpin. 

To  appreciate  the  influence  of  oil-hole  location  on  the 
extent  of  oil-pumping  and  oil  consumption,  compare 
cylinders  Nos.  3  and  4  in  the  preceding  figures,  that  have 
standard  ring  equipment.  In  all  the  preceding  tests  the 
bearing  clearance  was  increased  purposely  to  approximate- 
service  conditions.  The  comparative  quantity  of  oil  as 
measured  from  the  exhaust  discharge  or  as  clearly  pic- 
tured in  the  preceding  diagrams  between  cylinders  Nos. 
2  and  4  and  Nos.  1  and  3  is  very  marked.  Fig.  9  shows 
this  condition  particularly  well.  With  the  same  piston- 
ring  equipment  in  cylinders  Nos.  1  and  2,  cylinder  No.  1 
is  considerably  more  affected  by  a  change  in  the  rings. 
The  influence  of  speed  can  be  observed  also.  Piston  No.  1 
becomes  noticeably  worse,  while  piston  No.  2  is  not 
affected  appreciably. 

The  tests  reported  in  Table  5  are  submitted  in  further 
support  of  the  controlling  influence  of  crankpin  dis- 
charge, and  the  effects  of  special  piston-ring  equipment 
can  be  observed  also.  In  series  No.  3  the  oil  consumption 
obtained  at  40  m.p.h.  with  standard  ring  equipment  and 
the  outside  oil-hole  on  the  crankpin  is  given,  and  also 
the  oil  consumption  in  miles  per  gallon  obtained  with  the 
oil-hole  on  the  inside,  all  other  conditions  remaining  the 
same.  Series  No.  3  should  be  compared  with  Series  No. 
1,  which  shows  differences  in  ring  equipment.  The  use 
of  special  ring  equipment  effected  an  improvement  in 
some  cases  but,  upon  succeeding  tests,  the  oil  consump- 
tion would  increase  gradually. 

It  is  interesting  to  note  that  increasing  the  load  has 
the  effect  of  establishing  the  bearing  clearance  in  the 
vicinity  of  the  oil-hole  when  located  on  the  inside  through 
a  part  of  the  expansion  stroke  and,  consequently,  it  exer- 
cises a  very  favorable  control  on  the  amount  of  oil  sup- 
plied in  proportion  to  the  load.  From  the  standpoint  of 
effective  lubrication  of  the  pin  some  arguments  can  be 
advanced  but,  from  a  consideration  of  Fig.  18,  it  would 
appear  that  better  oil-film  distribution  is  obtained  with 
the  inside  location  of  the  oil-hole,  the  influence  of  centrif- 
ugal force  tending  to  distribute  the  film  around  the- 
bearing,  while  with  the  outside  oil-hole  the  oil  is  im- 
mediately thrown  from  the  bearing.  Actual  experience 
has  proved  that  bearing  failures  at  high  speed  are  less 
pronounced  with  the  inner  location  of  the  hole,  and  that 
dirt  will  not  score  the  bearing  so  readily.    Efforts  to  time' 
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the  oil  supply  to  the  crankshaft  through  the  main  bear 
tags  properly,  so  that  the  discharge  from  the  pin  would 
not  occur  when  the  .-halt  was  passing  the  cylinder, 
proved  unsuccessful,  because  the  quantity  of  oil  in  the 
channels  of  the  shaft  disturbed  the  control.  The  effect 
of  main-bearing  discharge  should  be  considered  also.     It 
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IT — CRANKIIN      BEAJI  i  BURES      IN'     AX      ElOHT-CTUNDBK 

90-DBO.   Engine  at  2000  R.P.M. 
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is  of  advantage  to  provide  a  thrower  flange  adjacent  to 
the  rear  bearings  so  that  the  oil  cannot  reach  the  crank- 
pin  hole  and,  consequently,  be  discharged  directly  into 
the  cylinder. 

An  interesting  test  was  conducted  to  determine  the 
relation  between  pressure  feed  and  splasb  feed.  An  en- 
gine was  converted  to  use  a  splash-feed  system,  retaining 
the  same  piston  equipment.  It  was  observed  that  almost 
any  result  could  be  obtained  with  the  splash  feed  and,  if 
adequate  lubrication  were  provided  for  the  pin,  an  ex- 
cessive quantity  was  thrown  into  the  cylinders  unless  a 
baffle-plate  was  used.  The  troughs  into  which  the  rods 
dipped  were  made  so  that  they  could  be  raised  and 
lowered  as  desired. 

Influence  of  Oil  Viscosity  and  Effects  of  Dilution 

A  reduction  in  oil  viscosity  as  a  result  of  an  increase 
in  oil  temperature,  dilution  or  the  use  of  light  oils,  will 
increase  proportionately  the  oil  consumption  by  reason 
of  the  additional  discharge  from  the  crankpin  under  the 
same  pressure,  unless  the  oil-hole  is  located  in  the  zone 
of  pressure  so  that  it  exercises  a  definite  control.  With 
an  engine  so  equipped,  practically  no  difference  is  ob- 


Fig.    is — i'h.   Discharge   prom  a  Crankpin   with   Inside  and 
Outside  Oilholes  Respectively 

tained  with  the  different  viscosities  produced  by  the  con- 
trol of  the  temperature  when  using  the  same  oil,  although 
a  slight  addition  in  the  consumption  is  shown  with  light- 
bodied  oils,  which  indicates  the  effect  of  cylinder-wall 
temperature  and,  consequently,  the  viscosity  of  the  oil 
on  the  cylinder  walls  and  the  difference  in  the  piston-ring 
efficiency  with  the  lowered  viscosity. 

Fig.  19  indicates  the  relative  oil  consumption  in  pro- 
portion to  viscosities  with  different  oils,  A  being  an  oil  of 
500-sec.  viscosity  at  104  deg.  fahr.  and  B  an  oil  of  650- 
sec.  viscosity  at  104  deg.  fahr.  The  curve  C  is  a  portion 
of  a  curve  prepared  by  C.  W.  Stratford,  giving  the  rela- 
tion between  viscosity  and  oil  consumption. 

Dilution  of  the  oil  by  the  admixture  of  liquid  fuel  is  a 
problem  associated  with  oil  consumption.  As  previously 
stated,  dilution  may  occur  under  ordinary  operating  con- 
ditions to  the  extent  that,  quantitatively,  the  fluid  in  the 
crankcase  is  not  decreased  and  the  operator  assumes  that 
very  little  oil  is  being  used.  The  rapid  lowering  of  the 
viscosity  is  the  dominating  influence  of  dilution  which, 
of  course,  affects  the  lubricating  value  of  the  oil  very 
considerably  and   makes   it  necessary  to  change  the  oil 
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Fia.  19 — Diagram  Showing  the  Oil  Consumption  with  Relation 
to  the  Viscosity  and  the  Character  of  the  Oil 
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frequently  to  obtain  efficient  lubrication,  unless  some  one 
of  the  types  of  crankcase-oil  refiner  that  are  now  being 
developed  is  used.  The  extent  of  this  dilution  depends 
upon  many  conditions  which  can,  it  is  believed,  be  con- 
trolled to  a  large  extent. 

In  the  observation  of  oil  consumption  and  dilution  on 
many  engines  operating  in  different  parts  of  the  Country, 
no  alarming  figures  have  been  obtained,  and  in  very  few 
instances  are  they  in  excess  of  10  per  cent.  In  the 
determination  of  the  percentage  of  dilution,  the  total 
quantity  of  oil  or  fluid  in  the  reservoir  should  be  known 
so  that,  from  the  percentage  of  the  diluent  contained  in 
the  sample  tested,  the  total  quantity  can  be  computed. 

External  Oil  Leaks  and  Breather  Discharge 

External  oil  leaks  are  in  many  cases  responsible  for 
excessive  oil  consumption  and  often  occur  at  the  higher 
speeds,  leaving  no  direct  evidence  of  the  quantity  actually 
lost  in  this  manner.  Fog  discharged  from  the  breather 
also  has  an  appreciable  influence.  This  is  emphasized 
particularly  where  excessive  crankpin  discharge  occurs 
and  also  in  splash-feed-lubrication  engines  where  light 
oils  are  used.    Under  the  latter  condition  the  oil  becomes 


fogged  quickly  and,  if  accompanied  by  piston  blow-by,  oil 
vapor  will  be  emitted  from  the  breather. 

Controlling  the  oil  pressure  in  proportion  to  the  throttle 
opening  to  effect  proportionate  lubrication  and  obtain 
satisfactory  oil  economy  does  not  seem  to  exercise  a 
definite  control  unless  proper  consideration  is  given  also 
to  the  location  of  the  oil-hole  in  the  crankpin.  It  is  clear 
that,  at  the  higher  speeds,  with  the  increase  in  the 
throttle  opening  and  consequently  higher  pressures,  the 
crankpin  discharge  will  be  increased  proportionately.  It 
is  feasible  to  use  much  higher  oil  pressures  with  proper 
oil-hole  control  which  in  itself  constitutes  a  favorable 
argument. 

The  data  presented  in  this  paper  cover  briefly  the  gen- 
eral aspect  of  oil  consumption  and  are  supported  by 
actual  observations  under  service  conditions.  It  is  be- 
lieved that  the  pistons  and  the  rings,  when  embodying 
the  necessary  fundamentals  will,  in  themselves,  exercise 
control  over  the  oil-pumping  at  the  lower  speeds  and  to 
a  definite  extent.  To  insure  oil  economy  under  all  condi- 
tions of  operation,  it  is  essential  to  control  the  oil  supply 
at  its  source  with  a  construction  that  will  maintain  con- 
stant effectiveness. 


CHRONICLE  AND  COMMENT 


(Concluded  from  page  4441 


In  a  project  and  progress  chart  of  highway  investi- 
gations prepared  recently  by  Doctor  Hatt,  the  four  prin- 
cipal classifications  are  economics  of  grades,  tractive 
resistance,  capital  and  operating  vehicle  costs,  and  con- 
struction and  maintenance  highway  costs.  Various  items 
of  work  subsidiary  to  these  classifications  are  now  under 
way  at  Iowa  State  College,  University  of  Michigan,  Yale 
University  and  Massachusetts  Institute  of  Technology. 
The  matters  in  connection  with  which  the  members  of 
the  Society  in  general  are  best  qualified  to  serve  relate 
to  the  establishing  of  basic  items  of  cost  for  motor 
vehicles,  including  the  determination  of  capital  and  oper- 
ating costs  for  motor  trucks,  passenger  cars  and  motor- 
buses.  It  is  expected  that  there  will  be  general  discus- 
sion of  these  subjects  at  the  meeting  of  the  Society  to  be 
held  at  White  Sulphur  Springs  this  month. 

Road -Service  Fuel  Tests 

FOLLOWING  a  series  of  tests,  recently  run  by  the 
Bureau  of  Standards,  showing  a  consistent  change 
in  fuel-consumption  with  fuel  volatility,  the  Re- 
search  Department  of  the  Society  arranged  for  the  con- 
duct of  similar  tests  by  several  automobile  builders.  The 
following  organizations  are  participating  in  this  work: 

Buick   Motor  Co. 

Packard   Motor  Car  Co. 

Hupp   Motor  Car  Co. 

Studebaker  Corporation  of  America 

Chevrolet  Motor  Car  Co. 

International    Harvester    Co. 

Stromberg  Motor  Devices  Co. 

Dodge  Bros. 
Other  companies  will  start  making  the  tests  as  soon  as 
an  additional  supply  of  the  special  fuels  prepared  for  the 
purpose  is  available. 

The   tests   are   intended    to   show    what    effect,    under 
normal  everyday  running  conditions  with  average  drivers, 


distinct  differences  in  fuel  volatility  have  on  the  total 
amount  of  fuel  used  per  mile  of  travel.  The  main  fea- 
ture of  the  tests  is  the  operation  of  a  number  of  cars  of 
each  of  several  models  by  their  regular  drivers  in  the 
course  of  their  ordinary  driving,  but  each  car  being  sup- 
plied successively  for  periods  of  1  week's  duration  with 
fuels  differing  by  definite  steps  in  volatility  character- 
istics. An  essential  point  is  that  the  drivers  are  not 
informed  as  to  the  grade  of  fuel  they  are  using  at  any 
time.  The  tests  will  not  interfere  in  the  slightest  degree 
with  the  regular  service  of  any  of  the  cars  further  than 
to  permit  the  filling  and  draining  of  the  fuel-tanks  dur- 
ing the  test  for  checking  the  consumption. 

Copies  of  all  the  records  are  to  be  forwarded  to  the 
Society's  Research  Department  for  compilation  and  com- 
parison. The  final  results  of  the  tests  are  to  be  used  to 
estimate  the  effect  of  fuel  changes  on  the  total  fuel- 
consumption  of  the  Country. 

A  joint  test  program,  including  elaborate  road  tests 
of  vehicles  and  far-reaching  fuel  investigations,  is  to  be 
conducted  by  the  Bureau  of  Standards,  the  Bureau  of 
Mines,  and  other  government  agencies,  with  the  support 
and  cooperation  of  the  National  Automobile  Chamber  of 
Commerce  and  the  Society  of  Automotive  Engineers, 
representing  the  automotive  industries,  and  the  Ameri- 
can Petroleum  Institute,  representing  the  petroleum  in- 
dustry. The  tests  are  under  the  general  supervision  of 
the  Research  Department  of  the  Society  of  Automotive 
Engineers  and  the  Research  Division  of  the  American 
Petroleum  Institute. 

When  the  tests  are  completed,  and  the  information 
derived  has  been  compiled,  it  will  be  possible  to  state 
more  exactly  what  grade  of  gasoline  should  be  distilled 
and  sold  to  the  public  to  conserve  the  petroleum  resources 
of  the  Country,  and  at  the  same  time  provide  the  public 
with  a  grade  of  gasoline  that  will  give  good  mileage  at  a 
reasonable  price. 
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of  gasoline-tank  filler-pipe  openings  on  automobiles  and 
motor-trucks.  This  matter  was  referred  to  the  Parts 
Fittings  Division  for  consideration  in  connection  with 
the  present  S.A.E.  Recommended  Practice  for  Tank  and 
Radiator  Caps,  page  050  of  the  S.A.E.  HANDBOOK.  It 
developed  that  the  filler-pipe  openings  are  in  most  cases 
2  in.  or  larger  in  diameter  and  that  a  2-in.  minimum 
opening  is  acceptable.     Therefore 

The  Parts  and  Fittings  Division  recommends  that 
the  present  S.A.E.  Recommended  Practice  for  Tank  and 
Radiator  Caps,  page  C58  of  the  S.A.E.  HANDBOOK,  be 
nded  by  adding  the  note,  "It  is  recommended  that 
on  passenger-cars,  motor-trucks  and  traitors  gasoline- 
tank  filler-pipes  have  a  minimum  clear  opening  of  2  in. 
in  diameter" 


■0.0OOOI 8  in 

increment 


-  Oufside  Diam.'SOOOmi-ZC 
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Lock-Washers 

(Proposed  Extension  of  S.A.E.  Standard) 

At  the  meeting  of  the  Parts  and  Fittings  Division  on 
May  9  attention  of  the  members  was  called  to  the  trouble 
that  had  been  experienced  due  to  the  lack  of  temper  or  to 
the  brittleness  of  the  lock-washers.  The  members  of  the 
Division  felt  that  the  temper  and  toughness  tests  which 
were  included  in  the  S.A.E.  Standard  previous  to  the 
adoption  of  the  last  revision,  should  be  included  in  the 
present  standard  to  provide  an  adequate  check  on  the 
quality  of  lock-washers  in  guarding  against  the  troubles 
that  have  been  experienced.    Therefore 

The  Parts  and  Fittings  Division  recommends  that 
the  present  S.A.E.  Standard,  page  C5  of  the  S.A.E. 
Handbook,  be  extended  to  include  the  accompany- 
ing temper   and  toughness  tests. 

Temper  Test.  —  After  compressing  the  lock- 
washer  to  flat,  the  reaction  shall  be  sufficient 
to  indicate  necessary  spring  power,  and  on  a 
subsequent  compression  to  flat  the  lock- 
washer  shall  manifest  no  appreciable  loss  in 
reaction 
Toughness  Test. — Forty-five  per  cent  of  the  lock- 
washer,  including  one  end,  shall  be  secured 
firmly  in  a  vise,  and  45  per  cent,  including 
the  other  end,  shall  be  secured  firmly  be- 
tween parallel  jaws  of  a  wrench.  Movement 
of  wrench  at  right  angles  to  the  helical  curve 
shall  twist  the  lock-washer  through  45  deg.  . 
without  it  showing  signs  of  fracturing,  and 
shall  twist  the  lock-washer  entirely  apart 
within  135  deg. 

SCREW  THREADS  DIVISION  REPORT 

Division  Personnel 


E.  H.  Ehrman,  Clwirman 
O.  B.  Zimmerman,  Vice- 
Chairman 
Earle  Buckingham 
E.  Burdsall 

Luther  Burlingame 
G.  S.  Case 
W.  R.  Mitchell 
Alex  Taub 


Chicago  Screw  Co. 
International  Harvester  Co. 

Pratt  &  Whitney  Co. 

Russell,  Burdsall  &  Ward  Bolt 

&  Nut  Co. 
Brown  &  Sharpe  Co. 
Lamson  &  Sessions  Co. 
National  Acme  Mfg.  Co. 
General  Motors  Corporation 


Screw  Threads 
(Proposed  Extension  of  S.A.E.  Standard) 

At  the  meeting  of  the  Miscellaneous  Division  in  Cleve- 
land in  December  1916  the  proposal  to  standardize  screw- 
thread  tolerances  was  first  considered.  Not  much  prog- 
ress was  made,  however,  for  some  little  time.  E.  H. 
Ehrman,  who  was  a  member  of  the  Division  and  also  of 
the  American  Society  of  Mechanical  Engineers  Commit- 
tee working  on  this  subject,  conducted  a  number  of  tests 
in  connection  with  the  work.  The  National  Screw 
Thread  Commission  having  been  created  by  Congress  in 
July  1918  the  Miscellaneous  Division  concluded  that  it 
would  be  better  to  defer  the  formulation  of  a  Division 
report  pending  a  report  by  the  Commission,  in  order  not 
to  parallel  the  work  of  that  body  and  possibly  cause  con- 
fusion. Mr.  Ehrman,  who  was  chairman  of  the  Miscel- 
laenous  Division,  was  appointed  by  the  Society  as  one  of 
its  representatives  on  the  Commission. 

In  May  1919  the  Commission  issued  a  tentative  report 
that  included  in  general  the  classification  of  fits  and  the 
detailed  dimensions  for  the  screw  threads  included  under 
the  several  classes  of  fit.  The  Society  was  requested  to 
review  the  progress  report  of  the  Commission  and  make 
suggestions  regarding  those  parts  of  it  that  would  be 
applicable  to  automotive  apparatus.     A  meeting  held  in 


New  York  City  of  Sept.  8,  1919,  was  attended  by  repre- 
sentatives of  screw-thread  parts  producers  and  users,  the 
American  Society  of  Mechanical  Engineers,  the  Bureau 
of  Standards  and  members  of  the  National  Screw  Thread 
Commission.  General  discussion  of  the  Commission's 
progress  report  indicated  the  desirability  of  further  in- 
vestigating the  application  of  its  provisions  in  the  auto- 
motive industries,  and  a  special  Society  Committee  was 
appointed  for  this  purpose,  consisting  of 


Paul  W.  Abbot,  Chairman 
W.  K.  Jamison 
B.  P.  Smith 
Lyle  K.  Snell 
Alex  Taub 


Lincoln  Motor  Co. 
Domestic  Engineering  Co. 
Packard  Motor  Car  Co. 
Willys-Overland  Co. 
General  Motors  Corporation 

This  Committee  wrote  more  than  200  representative 
companies  engaged  in  automotive  work  for  data  as  to 
their  current  screw-thread  practice.  The  Society  was 
assisted  in  securing  returns  to  the  questionnaire  by  the 
National  Automobile  Chamber  of  Commerce,  the  Motor  & 
Accessory  Manufacturers  Association  and  the  National 
Gas  Engine  Association. 

The  special  Committee  issued  its  report  to  the  Society 
on  Jan.  3,  1920,  and  it  was  transmitted  to  and  duly  con- 
sidered by  the  National  Screw  Thread  Commission  in 
preparing  its  progress  report  of  June  1920. 

The  Miscellaneous  Division  of  the  Standards  Commit- 
tee had  been  kept  informed  by  its  chairman  and  the 
Society  of  the  progress  that  had  been  made  in  this  work. 
Meantime  a  Sectional  Committee  had  been  formed,  which 
was  sponsored  by  the  Society  and  the  American  Society 
of  Mechanical  Engineers  for  further  study  of  the 
National  Screw  Thread  Commission's  progress  report 
toward  its  adoption  by  the  mechanical  industries  in  gen- 
eral. The  Division  felt  that  the  Society  should  not  adopt 
specific  data  in  connection  with  screw-thread  fits  and 
dimensions  until  the  work  in  progress  by  the  Sectional 
Committee  indicated  approval  of  the  National  Screw 
Thread  Commission's  report.  The  Sectional  Committee 
referred  the  report  of  the  Commission  to  a  Working 
Committee  of  the  Sectional  Committee,  which  reported  in 
February  1922,  having  made  the  following  selections 
from  and  changes  in  the  Commission's  report: 

(1)  Certain  combinations  of  thread  series  and  fit  have 
been  selected  as  suitable  for  general  use.  The 
coarse-thread  close  fit  has  been  omitted.  It  is  rec- 
ommended that  the  loose-fit  tolerances  be  pub- 
lished separately 

(2)  Classes  of  fit  have  been  renumbered  to  eliminate 
the  Subdivision  of  the  Commission's  Class  II 

(3)  The  material  relating  to  gaging  has  been  omitted, 
with  the  recommendation  that  it  be  developed  and 
published  separately 

(4)  The  pipe-thread  standard  has  been  omitted,  since 
it  has  already  been  approved  as  an  American 
standard  and  published  by  the  A.E.S.C. 

(5)  Fire  hose  and  regular  hose  standards  have  been 
omitted.  The  publication  of  these  as  a  separate 
pamphlet  is  recommended 

(6)  The  Fine-Thread  Series  (S.A.E.)  has  not  been 
carried  beyond  1%  in.  12  pitch 

(7)  The  relation  between  lead  or  form  errors  and 
pitch-diameter  tolerances  has  been  treated  in  de- 
tail 

(8)  Extreme  or  drawing  tolerances  only  are  given 

(9)  The  material  has  been  generally  condensed  and 
somewhat  rearranged 

In  January  1920  the  Screw  Threads  Division  of  the 
Standards    Committee    was    organized    to    consider    all 
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■  i « m   matters    fur  the  Society, 
and  took  over  the  former  work  of  the  Miscellaneous  Divi- 
sion.   No  separate  action  was  taken  on  the  work  I" 
the  National  Screw  Thread  Commission  by  the  Screw 

Threads  Division  toward  establishing  an  S.A.K.  Standard 
for  screw-thread  dimensions,  pending  the  conclusion  of 
the  National  Screw  Thread  Commission  and  the  Sectional 
Committee's  work.  With  the  completion  of  the  report  of 
the  Working  Committee  of  the  Sectional  Committee  in 
uary  of  this  year,  the  Division  fell  that  the  Society 
could  properly  proceed  to  adopt  the  classification  of  tits 
and  tables  of  dimensions  for  screw  threads  which  are 
used  by  the  automotive  industries,  and  now  recommends 
that  the  following  definitions  and  tables,  taken  from  the 
report  of  the  Working  Commit  5i      onal  Com- 

mittee, be  adopted  as  S.A.E.  Standard. 
The  Working  Committee's  report  is  still  to  be  approved 
the  Society  and  the  American  Society  of  Mechanical 
Engineers  as  sponsors  for  tin-  Sectional  Committee,  or- 
ganized under  the   rules  of  the  American    Engineering 
'iimittee,  but  the  Division  members  feel  thai 
the   following   recommendations  can   now   be  adopted  by 
the  Society.    Therefore 

The  Screw  Threads  Division  recommends  that  the 
present  S.A.K.  Standard  for  Screw-Threads,  page  CI 
of  the  S.A.E.   Handbook,  be  extended  to  include   the 


ompanying  Tables   Nos.    l    to  7   inclusive,  together 
with  the  di 

//    /.'     Medium    Fit.    -This    class    of    screw- 
threads  shall  be  defined  and  specified  as  follows: 
( 1  )    .Minimum  Nut  is  Basic 

(2)  .Maximum  Screw  is  Basic 

(3)  Direction  of  Tolerance  on  Nut  The  toler- 
ance on  the  nut  shall  be  plus 

(4)  Direction  of  Tolerance  on  Screw.  The  tol- 
erance on  the  screw  shall  be  minus 

(5)  Zero  Allowance.  The  allowance  between 
the  pitch  diameter  of  the  maximum  screw 
and  the  minimum  nut  shall  be  zero  for  all 
pitches  and  all  diameters 

(6)  Tolerance  Values.  The  toleranci  for  a 
screw  or  nut  of  a  given  pitch  shall  be  as 
specified  in  table  3. 

Class  II  A— Free  Fit.— This  class  of  screw-threads 
shall  be  defined  and  specified  as  follows: 

( 1  )    Minimum  Nut  is  Basic 

(2)  Maximum  Screw  is  Basic 

(3)  Direction  of  Tolerance  on  Nut.  The  toler- 
ance on  the  nut  shall  be  plus 

(4)  Direction  of  Tolerance  on  Screw.  The  toler- 
ance on  the  screw  shall  be  minus 

(5)  Zero  Allowance.     The  allowance  between  the 


' 


ALLOWANCES     AND    TOLERANCES     FOR     SCREWS     nn     M    r>, 
CLASS  II  V  FREE  FIT 


TAIll  I       2 


U.I.OWAWF.S      Wli     TOl.FKAMKS     Foil     SCREWS     AND 

CLASS  [IB,  MEDIUM  FIT 


IYr  In. 


80 

7  J 
|V4 

66 

48 

II 
40 

28 

24 

20 

Is 

16 

14 

13 
12 

11 
10 

'.i 


6 
5 


Allow 
In. 


(I  'HHIII 

II  IMKMI 

II  IKHMI 

II  OOOO 

0.0000 
0  0000 

'I  o 

0.0000 

II   IX.MXI 

0.0000 

0.0000 
0.0000 

II   (NMK) 

100 

0.0000 

II  IKMMI 
II  OOOO 
II  OOOO 
II   IKMMI 

0  'o 

0.0000 
(i  0000 

II  INHMI 
II    IMNM) 

o  0000 
0.0000 


Pitch- 
1  diameter 

Told 
In. 


In 


0.0017 
n  mils 
0.0019 
ii  0020 
0  0022 

ii  0023 
0.0024 

0.0025 
ii  0027 

0.0033 
ii  0036 
0.0041 
0  0045 
(»  0049 

n  0052 
ii  0056 
ii  0059 
0.0064 
n  0070 

ii  0076 

II    I  HIV.", 

n  0101 
ii  0116 
n  0127 

n  in  10 


ii  0005 

ii  0006 
0.0006 

HI7 

ii  0007 
0  0007 

0  nous 
19 

n  0009 

ii  mini 
n  0012 
ii  0013 
0.0014 

n  0015 
00.016 
n  0017 
ii  0018 

20 

ii  0022 
ii  0024 

ii  0037 
n  0040 


Half 
Vngle, 

mill.     sec. 


2—50 
2-41 
2     23 

2  II 
2—04 

2—03 
1  52 
1  l'i 
1—41 
1—45 

1—32 
1  -24 
1  26 
1—24 

1      21 1 

1—19 
1—18 
I  15 
1—14 
1—13 

1—11 
1  09 
I     10 

1      07 

I     05 


than 

for   the    pitch   d  ire   cumula 

ami  Ii  The  full  ti  on  the 

pitch  i    and   the 

aim.-    of  the  thj  B  gen- 

eral .•■    in    lead,   per   length   "f   thread   engaged, 

Icilf 

■  I  and  the  angle  error 

both  ■  ted,  the  pit  it,  for 

exanii  I   by  the  full  "ill  not  enter  a 

•It,  the  angle 
'tut  given,  and  .   hut  these  extreme 

conditions  are  not  contemplated  as  being  desirable. 


Threads 
Per  In. 


SI  I 

72 
64 
56 
48 

44 
40 
36 

32 

2  s 


Allowance, 

In. 


ii  0000 
i)  0000 
0.0000 

ii  0000 

it  oooo 

0.0000 
0.0000 
0  0000 

ii  oooo 

0.0000 


24 

0.0000 

20 

0.0000 

18 

II  llllllll 

16 

0.0000 

14 

0.0000 

13 

0.0000 

12 

ii  oooo 

1 1 

II  llllllll 

in 

0  oooo 

9 

Ill) 

8 

0.0000 

7 

(1  llllllll 

6 

0.0000 

5 

II  llllllll 

>' 

0.0000 

II  llllllll 


Pitch- 
Diarneter 
Tolei 

In. 


0.0013 

13 

0.0014 
0.0015 
0.0016 

0.0010 
0.0017 
0.0018 
0.0019 
0.0022 

0.0024 

0.0021', 

0.0030 
0.0032 

0.0036 

0  0037 

0.0040 
n  0042 
n  0045 
n  0049 

0.0054 
0.0059 

1 71 

ii  0082 

| }9 

0.0097 


Lead 

In. 


(I   111)01 

ii  0004 

i 

n  0004 
0 . 0005 

ii  0005 
n  0005 

n  i  ii  in:, 

(I  (1005 
0.0006 

0  0007 

II    I  II  UN 

0.0009 

109 

0.0010 

0  oou 
ii  0012 
n  0012 
o  0013 

i I  I 

0  0016 
n  0017 
n  0020 
n  0024 
0  0026 

0.0028 


Hall" 

Vngle, 
nun.  sec. 


2—07 
1—54 
1 — 49 
1—41 
1—32 

1—24 
1—21 
1—17 
1  12 
1—13 

I       Us 

I    ()•_> 

1—04 

I     in 

I  on 

0—57 

n  :,7 
0—55 

o     51 

I I  £  2 

n  51 
(i  19 
ii     50 

(i  Is 
0—47 

n     16 


1  Variation  In  lead  bi  tween  anj  two  threads  nd  farther  apart  than 
icih  of  eng 

died    for    the   pitch    diameters    are   cumulative 
and  Include  all  error-  The  full  tolerance  on  the 

ire    not   av;n  je    the    lead    and    the 

1  Tl  two  columns  give  as  gen- 

ii   of  thread    engaged. 
.  le  respectively  thai  can  •  pensated  for  by  half 

the  tolerance  on  the  pitch  diameter.  If  the  lead  and  the  angle' error 
both  exist  to  the  amount  tabulated,  the  pitch  diameter  of  a  bolt,  for 
exarop  bj   the  full  tolerance  or  it  will  not  enter  a 

nut  or  gage.     If  no  lead  error  existed  on  such  a  bolt,  the  angle 
eould  be  twice  that   given,  and  conversely:   but  these  extreme 
conditions  are  not  contemplated  as  being  desirable. 
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TABLE   3 CLASS  IIA.    FREE    FIT. 

FOR   SCREWS  OF  THE   COARSE 

THREAD   SERIES 

Thread? 

Major  Diameter 

Pitch  Diameter 

Minor  Diameter 

- 

Per 

Toler- 

Toler- 

Toler- 

Inch 

Max.1 

ance 

Min. 

Max.1 

ance2 

Min. 

Max.3 

ance 

Min. 

1 

64 

(i  0730 

0.0038 

0.0692 

0.0629 

0.0019 

0.0610 

0.0538 

0.0030 

0.050S 

■> 

56 

i)  0860 

0.0040 

o  0820 

0.0744 

120 

0.0724 

0  0641 

0.0033 

0.0608 

3 

4S 

ii  0990 

0.0044 

0.0946 

ii  us:,;, 

(I  0022 

()  0833 

It  0754 

0.0037 

0.0697 

4 

40 

0.1120 

0.0048 

0.1072 

ii  0958 

n  0024 

0.0934 

0.0813 

0.0042 

0.0771 

5 

40 

0.1250 

II  (l()4s 

0.1202 

0.10S8 

0.0024 

0.1064 

0.0943 

0.0042 

0.0901 

6 

32 

0.1 380 

0.0054 

0.1326 

0.1177 

0.0027 

0.1150 

0  0997 

0.0050 

0.0947 

8 

32 

0.1640 

0.0054 

0.1586 

0.1437 

0.0027 

0.1410 

0  1257 

0.0050 

0.1207 

10 

24 

0.1900 

0.0066 

ll  1834 

0.1629 

0.0033 

0.1596 

0.1389 

0.0063 

0.1326 

12 

24 

0.2160 

0 . 0066 

0.2094 

0.1889 

0.0033 

0.1856 

0.1649 

0.0083 

ii   15S6 

Vi 

20 

0.2500 

0.0072 

0.2428 

0.2175 

0.0036 

0.2139 

0.1887 

0.0073 

0.1814 

5 

is 

ii  3125 

0.0082 

0.3043 

0  27iil 

0.0041 

0  2723 

0.2443 

0  0081 

0.2362 

16 

0.3750 

0.0090 

n  :-;c,iio 

0.3344 

0.0045 

0.3299 

0.2983 

n  0090 

ii  _>v.i:; 

7 

14 

0.4375 

0.0098 

0.4277 

0.3911 

0.0049 

0.3862 

0.3499 

0.0101 

0.3398 

V, 

13 

0.5000 

0.0104 

0.4896 

0.4500 

0.0052 

0.4448 

0.4056 

0.0107 

0.3949 

9 

10 

12 

0.5625 

0.0112 

0.5513 

0  5084 

0.0056 

0.502S 

0.4603 

0.0117 

0.4486 

- 

11 

0  6250 

0.0118 

0.6132 

0.5660 

0.0059 

0.5601 

0.5135 

0.0125 

0.5010 

3, 

10 

0 . 7500 

0.012S 

0.7372 

II   l.s.Ml 

0.0064 

ii  67m; 

0.6273 

0.0136 

0.6137 

Vh 

9 

n   S7.-.0 

0.0140 

0.8610 

II   mil's 

0.0070 

0.7958 

0.7387 

0.0150 

0.7237 

1 

S 

1 . 0000 

0.0152 

II     MS  Is 

II   Hiss 

0.0076 

0.9112 

0.8466 

0.0166 

0.8300 

W% 

7 

1.1250 

0.0170 

1 . 10S0 

1.0322 

0.00S5 

1.0287 

0.9497 

0.018S 

0.9309 

1J4 

7 

1.2500 

0.0170 

1.2330 

1.1572 

0.00S5 

1.1487 

1.0747 

0.0188 

1.0559 

XV9 

6 

1 . 5000 

0 . 0202 

1 . 4798 

1.3917 

0.0101 

1.3816 

1 . 2955 

0.0219 

1 . 2734 

x% 

5 

1 . 7500 

0 . 0232 

1   7268 

1  6201 

0.0116 

1 . 6085 

1 . 5046 

0.0260 

i  17m; 

2 

4', 

2 . 0000 

0.0254 

1 . 9746 

1   8557 

0.0127 

1.8430 

1 . 727  1 

II   IIJss 

1.6986 

2y4 

4'  2 

2.2500 

0.0254 

2 . 2246 

2.1057 

0.0127 

2.0930 

1.9774 

0.0288 

1.9486 

2\4 

4 

2 . 5000 

0.02S0 

2 . 4720 

2.3376 

0.0140 

2.3236 

2.1933 

0.0321 

2.1612 

2% 

4 

2 . 7500 

0.0280 

2 . 7220 

2   5S76 

0.0140 

2.57311 

2 . 4433 

0.0321 

2.4112 

3 

4 

■3.0000 

0.0280 

2 . 9720 

2.8376 

0.0140 

2.8236 

2.6933 

0.0321 

2.6612 

TABLE  4 CLASS  IIA,  FREE  FIT.    FOR  NUTS  OF  THE  COARSE 

THREAD  SERIES 

Threads 

Major  Diameter 

Pitch  Diameter 

Minor  Diameter 

Size 

Per 

Toler- 

Toler- 

Toler- 

Inch 

Min.5 

ance 

Max. 

Min.1 

ance3 

Max. 

Min. 

ance 

Max. 

1 

64 

0.0741 

0.0031 

0.0772 

0.0629 

0.0019 

0.0648 

0.0561 

0.0017 

0.0578 

2 

56 

0.0873 

0.0033 

0.0906 

0.0744 

0.0020 

0.0764 

0.0667 

0  0019 

0.0686 

3 

4S 

0.1005 

0.0037 

0.1042 

II   lis.-,;, 

0.0022 

0.0877 

0.0764 

0.0023 

ll  II7S7 

4 

40 

0.1138 

0.0042 

0.1180 

0.095S 

0.0024 

0.0982 

0.0849 

0.0027 

ll  0876 

5 

40 

0.1268 

0.0042 

0.1310 

0.108S 

0.0024 

0.1112 

0.0979 

0.0027 

0.1006 

6 

32 

0.1403 

0.0049 

0.1452 

0.1177 

0.0027 

0.1204 

0.1042 

0.0034 

0.1076 

8 

32 

0  1663 

0.0049 

0.1712 

0.1437 

0.0027 

0.1464 

0.1302 

0.0034 

0.1336 

10 

24 

0.1930 

0.0063 

0.1993 

0.1629 

0.0033 

0.1662 

0.1449 

0.0045 

0.1494 

12 

24 

0.2190 

0.0063 

n  2253 

II     ISM! 

0.0033 

0.1922 

0.1709 

0.0045 

0.1754 

a 

20 

0.2536 

0.0072 

0.2608 

0.2175 

0.0036 

0.2211 

0.1959 

0.0054 

0.2013 

_5u 
16 

18 

0.3165 

0.00S1 

0.3246 

0.2764 

0.0041 

(1  2  si  15 

0.2524 

0.0060 

0.2584 

% 

16 

0.3795 

0.0090 

0.3S85 

0.3344 

0.0045 

0.33S9 

0.3073 

0.006S 

0.3141 

16 

14 

0.4427 

0.0100 

n    1527 

0.3911 

0.0049 

0.3960 

0.3602 

0.0077 

ii  3679 

Yi 

13 

0.5056 

0.0107 

0.5163 

0.4500 

0.0052 

0.4552 

0.4167 

0.0084 

0.4251 

\  G 

12 

0.5685 

0.0116 

0.5S01 

0.5084 

0.0056 

0.5140 

0.4723 

0.0090 

0.4813 

Vh 

11 

0.6316 

0.0124 

0.6440 

0.5660 

0.0059 

0.5719 

0.5266 

0.0098 

0.5364 

% 

10 

0 . 7572 

0.0136 

0.7708 

ii  6850 

0.0064 

0.6914 

0.6417 

0.0109 

0.6526 

'A 

9 

0.8S30 

0.0150 

II    S|  ISO 

II    MIL'S 

0.0070 

0  suns 

0.7547 

0.0120 

0.7667 

1 

S 

1.0090 

0.0166 

1   0256 

0.9188 

0.00713 

n  9264 

0.8647 

0.0135 

0.8782 

xy% 

i 

1    L353 

0.0188 

1.1541 

1.0322 

0.0085 

1.0407 

0.9704 

0.0154 

0  9858 

I1, 

7 

1.2603 

(1    HISS 

1.2791 

1.1572 

0.0085 

1.1657 

1.0954 

0.0154 

1.1108 

1'; 

6 

1 .5120 

0.0222 

1   5342 

1.3917 

0.0101 

1.4018 

1.3196 

0.01S0 

1 . 3376 

I'', 

5 

1   7644 

(i  0261 

1 . 7905 

1.6201 

0.0116 

1.6317 

1.5335 

ll  0216 

1.5551 

2 

ilA 

2.0160 

0.0288 

2.0448 

1 . 8557 

0.0127 

1   8684 

1   7594 

0  0241 

1 . 7S35 

-"., 

*'.. 

2  2660 

0.0288 

2.2948 

2.107,7 

0.0127 

2.1184 

2.0094 

0.0241 

2.0335 

2^ 

4 

2  5180 

n  0321 

2.5501 

2.3376 

0.0140 

2.3516 

2.2294 

0.0270 

2.2564 

-'", 

4 

2.7680 

0  0321 

2.8001 

2.5876 

0.0140 

2.6016 

2  4794 

0.0270 

2.5064 

3 

4 

3.0180 

0.0321 

3.0501 

2.S376 

0.0140 

2.8516 

2.7294 

0.0270 

2.7564 
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TABLES      Mi«  IIB,    Ml  h MM  FIT,  TOR  SCREWS  Ol    l-HE  C0AR8!     WREAD  SEI 


- 


4 
5 

6 

10 
12 


Threads 
Inch 


64 

18 

in 
in 

2 

24 
24 


Vlajoi  1 :  imcter,  in, 


Pitch  I  (iameter,  in. 


Max  ' 


Mm 


'. 

20 

18 

. 

16 

A 

!  1 

'  ■ 

13 

12 

11 

10 

g 

1 

R 

1'- 

7 

\M 

7 

p 

6 

5 

2 

i'  ■ 

-", 

i' .• 

2 

4 

4 

4 

0    MSI  II 

II     ILL    II 

0   1120 
M  1250 

0   i  180 
M   1640 

il    !•  mi 

M  2160 

0  312S 
ii  3750 

0   I37S 
0  5000 

0  6250 

ii  R7S0 

1  0000 
I    1250 

1  2500 
I   5000 

1  7500 

2  0000 
2  2500 

2  .-urn 
2.7500 
;  0000 


n  0030 

0  0032 

34 

ii  0038 
ii  0038 

ii  mils 
ii  inns 
ii  0052 

0  0060 

m  0064 

ii  0072 

||  0074 

0  0080 

II    l 'lis  | 

ii  0098 

II    MIMS 

ii  mis 

ii  0118 
0  in  12 
ii  0164 

M  iii7s 
0  iil7s 

0.0104 
n  0194 
0.0194 


0  0702 
n  0830 
M  0958 
ii  1086 
ii  1216 

ii  1  142 

M  1602 

0  1852 

(i  2112 

M  Jlls 

ii  3686 
n  i  |03 
ii   1926 

n  6166 

ii  7410 

n  sir j 

0  9892 

1  1132 

i  2382 
1    1858 

1  9822 

2  2322 

2  1806 
2  7306 
2  9806 


\l    . 


all.'.' 


129 

O  H7  II 
ii  0855 
ii  0958 

11     IMSS 

0.1177 
n  1437 
ii  1629 
0  1889 
ii  2175 

0  2764 

0  1911 
ii  1600 
ii  5084 

0  5660 
0.6850 
ii  8028 
M  9188 

1  0322 

I  1572 
1.3917 
1   6201 

1  8557 

2  1M.-.7 

2  3376 
2  5876 
2  8376 


II  Mill  | 

0  0015 
M  0016 
m  0017 

II  MMI7 

ii  0019 

ti  in 1 1 'i 

■ 24 

ii  0024 
ii  0026 

0  0030 

ii  0032 

0  0036 

0  0037 

II    MM  III 

0  0042 
ii  0045 
0  0049 
ii  0054 
0.0059 

ii  0059 
ii  0071 
m  0082 
ii  0089 

II  (HIS! I 

0  0097 
ii  0097 
0  0097 


Mm 


Mm. .I  I ter,  in. 


0  0615 
ii  0729 
0  0839 
0  0941 
ii  1071 

ii  1158 
ii  1  Us 
ii  1605 
ii  1865 
0.21  19 

ii  2734 
0.3312 
ii  3875 
ii  1463 
0  5044 

0.5618 
0  6805 
o  7979 

0  9134 

1  0263 

1  1513 
1  3846 
I ,6119 

1  8468 

2  18 

2  3279 
2.  .5779 
2  8279 


Max 


ii  0538 

.11 

0  0734 
i)  0813 
ii  0943 

ii  0997 
ii  1257 
ii  1389 
ii  1649 

n  iss; 

ii  2443 
n  2983 

0  3499 
0.  1056 
i)   1603 

ii  5135 
0.6273 

n  7:;s; 
ii  8466 
ii  9497 

1  (1717 
1  2955 
L.5056 

1  7274 
1.9774 

2  1933 
2.4433 
2.6933 


Toler- 
ance 


ii  0025 
ii  0028 
ii  0031 
ii  0035 
ii  0035 

n  0042 
ii  0042 
ii  0054 
ii  0054 
ii  0063 

n  0070 

ii  i hit,; 

II    MUSS 

n  0092 

ii  hum 

(I  Mills 
n  0117 
0  0129 

M    Ml   I  I 

ii  0162 

ii  0162 
il  0191 
0.0216 
ii  0250 
ii  0250 

ii  0278 
ii  0278 
ii  0278 


Min 


ii  051  ! 
ii  0613 
0  0703 
0  0778 
0  0908 

ii  0955 
ii  1215 
ii  1335 
o  1595 
n  1824 

ii  2373 
ii  2906 
ii  3411 
ii  3964 
ii  1502 

n  5027 

ii  6156 
ii  7258 

II   SW2-J 

0  9335 

1  0585 
I  2764 
I  4820 
1  7024 

1  9524 

2  1655 
2  H55 
2  6655 


TAIll  F  6      il  KSS  nil,   MEDIUM  FIT,  TOR  NUTS  OP  THE  COAHSE  THREAD  SERIES 


Si/.r 


Per 

Ini'h 


Majoi 


Min. 


I     i  ' 
ance 


Max. 


Pitch  Diameti  r 


Mm.' 


Toler- 
ance1 


Max. 


Minor  Diameter 


Min. 


Toler- 
ance 


Max. 


1 

2 
3 
4 
5 

6 

s 
10 

12 


A 

'.■ 
A 

l 
IM 

i', 

I     i 

2 
3 


•14 
56 

IS 

40 
40 

32 
32 
24 
24 
20 

is 

16 

14 
13 
12 

11 

10 

9 

s 

7 


7 
6 
5 

4H 

1 
4 
4 


M  11711  II  1)021', 

o  0873  o  0028 

ii  1005  i)  0031 

ii  U38  ii  0035 

o  1268  35 


0.1403 

ii  1930 
ii  2190 

0  2536 

ii  3165 

M  1127 
ii  5056 

ii  6316 
0.7572 
ii  8830 

1  0090 

1.2603 
1  5120 

1  7644 
2.0160 

2  5180 
2  7680 

.  0180 


0  0041 
ii  0041 
ii  0054 
i,  0054 

12 

ii  0070 
ii  0077 
n  0087 
n  0092 
ii  0100 

ii  0107 

Il  H117 

ii  0129 

ii  mi  n 
12 

0.0162 
ii  0192 

il  H227 
0.0250 

0  1127s 
0  1127  s 
O  027s 


ii  0767 
0.0901 
0.1036 
0.1173 
ii  1303 

ii  1444 
ii  1704 
ii  1984 

II  2211 
ii  2.5!  is 

0.3235 
ii  3872 
ii  151  1 
0.5148 
ii  5785 

ii  6423 
0.7689 
ii  8959 

1   1515 


5312 


I    7s71 


mum 
2910 


2  5458 
2  7958 
:;  0458 


ii  0629 
ii  0744 
ii  0855 
0  0958 
ii  1088 

0.1177 
0.1437 
ii  1629 
0.1889 
0.2175 

ii  2764 
ii  344 
0.3911 
ii   1500 

II    .".MS  | 

ii  5660 
ii  6850 

ii  sir_>s 
ii  9188 
1  0322 

1 ,1572 
I  3917 
1   6201 

1  8557 

2  1057 

2.3376 
2  5876 
2  8376 


ii  inn  i 
ii  0015 
ii  0016 
ii  0017 

Il   I  ill  I  7 

0.0019 
0.0019 
n  0024 
ii  0024 
0.0026 

ii  0030 

| 32 

0.0036 
ii  0037 
0.0040 

ii  0042 
0.004.5 
0.0049 
ii  0054 
0.0059 

M  I II I.V.I 
0  MII71 
ii  (HIS'2 
ii  0089 
0.0089 

ii  0097 
ii  0097 
i,  0097 


0  0643 

I)  (17511 

0.0871 
ii  0975 

0.110.5 

ii  U96 
0.1456 
ii  1653 
0.1913 
0.2201 

0.2794 
0.3376 
0.3947 

0.4537 

II.. 5121 

0.5702 

ii   0S0.5 

ii  8077 
ii  9242 
1.0381 

I  L631 
I  3988 
I  6283 

1  8646 

2  11  16 

2.3473 

2   .5!  17:', 

2  8473 


(I  0.501 

0.0667 

M  1170  1 
0.0949 
0.0979 

0.1042 
o  1302 

o  1  II!) 
0.1709 
0.1959 

0,2524 
o  3073 
0  3602 

0  1107 
ii   1723 

ii  5266 
0.6417 
0.7547 

II  so  17 
ii  9704 


0954 
3196 
5335 
7594 

Ml  I'll 


2  22-14 
2  170  1 
2   720  1 


0.0017 
0.0019 

ii  1102:; 
0.0027 
0.0027 

ii  0034 
ii  0034 

o  III!  1.5 
(I  Mil  (.5 
0  00.51 

n  noon 
(I  MOOS 
II  (1077 

184 

ii  0090 

II    OIIOS 

M  oioo 
0.0120 
0  0135 

0  01.5  1 

0  0154 

o  oiso 

(I  11210 
o  0241 

o   IIJIl 

ii  0270 

ii  0270 
o  0270 


1 1  0578 
it  0686 
ii  0787 
0  0876 
0.1006 

(I   1070 

o  1336 

ii  1  194 

ii  17.51 

o  2013 

0.2584 

n  31  H 
o  3679 
o  12.51 
0.4813 

ii  5364 
o  6526 
o  7667 
ii  8782 

0  9858 

1.1108 
1.3376 
i   5551 

1  7835 
2.033.5 


2  250  1 
2  .51)0  1 
2   7.501 
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TABLE  7 CLASS  IIA, 

FREE  FIT, 

FOR  SCREWS  OF  THE  FINE  THREAD  SERIES 

Threads 
Per 

Inch 

Major  Diameter 

Pitch  Diameter 

Minor  Diameter 

Size 

Max.1 

Toler- 
ance 

Min. 

Max.' 

Toler- 
ance3 

Min. 

Max  - 

Toler- 
ance 

Min. 

0 
1 
2 
3 
4 

5 

6 

8 
10 
12 

Va 

_5_ 
i  6 

% 

7 
1  6 

V2 

9 
16 

SA 

% 
% 
1 

IK 
I1. 
1M 

80 
72 
64 
56 

48 

44 
40 
36 
32 
28 

28 
24 
24 
20 
20 

18 

IS 

16 

14 
14 

12 
12 

12 

0.0600 
0.0730 
0.0860 
0.0990 
0.1120 

0.12.50 
0.1380 
ii  1640 
0.1900 
0.2160 

0.2500 
0.3125 
0.3750 
ii  4375 
0.5000 

0.5625 
0.6250 
0.7500 
0.8750 
1.0000 

1.1250 
1.2500 
1.5000 

0.0034 
0.0036 
0.0038 
0.0040 
0.0044 

0.0046 
0.0048 
0.0050 
0 . 0054 
0.0062 

0.0062 
0.0066 
0.0066 
0.0072 
0.0072 

0.0082 
0 . 00S2 
0.0090 
0.0098 
0.0098 

0.0112 

0.0112 
0.0112 

0.0566 

0.0694 
0.0822 
0 . 0950 

0  1076 

0.1204 

0.1.332 
0.1590 
0.1846 
0.2098 

0.2438 
0.3059 
0.3684 
0.4.303 
0.4928 

ii  5543 
0.6168 
0.7410 
0.8652 
0.9902 

1.1138 
1.2388 

1  4sss 

0.0519 
0.0640 
0.0759 
0.0874 
0.0985 

0.1102 
0.1218 
0  1460 
0.1697 
0.1928 

0.2268 
0.2854 
0  3479 
0.4050 
0.4675 

0.5264 
0  5889 
0.7094 
0.8286 
()  9536 

1.0709 
1 . 1959 

1 . 4459 

0.0017 
0.0018 

0.0019 
0.0020 
0.0022 

0.0023 
0.0024 
0.0025 

0.0027 
0.0031 

0.0031 
0.0033 
0.0033 
0.0036 
0.0036 

0.0041 
0.0041 
0.0045 
0 . 0049 
0.0049 

0  0056 
0.0056 
0.0056 

0.0502 
0.0622 

0.0740 
0 . 0854 
0.0963 

0.1079 
0.1194 
0.1435 
0.1670 
0.1897 

0.2237 
0.2821 
0  3446 

0.4014 
0.4639 

0.5243 
0.5848 
0.7049 
0.8237 

0.9487 

1.0653 
1.1903 

1 . 4403 

0.0447 
n  0560 
0.0668 
0.0771 
0.0S64 

0.0971 
0.1073 
0.1299 
0.1517 
0.1722 

0.2082 
0.2614 
0.3239 
0.3762 
0   1387 

0.4943 
0.5568 
0.6733 
0.7874 
0.9124 

1.0228 
1.1478 
1 . 3978 

0.0026 
0.0028 
0.0030 
0.0033 
0.0037 

0.0039 
0.0042 
0.0045 
0.0050 
0.0057 

0.0057 

ii  in  ;•; 
0.0063 
0.0073 
0.0073 

0.0081 
ii  0081 
0.0090 
0.0101 
0.0101 

0.0117 

0.0117 
0.0117 

0.0421 
0  0532 
0.0638 

0.0738 
0.0827 

0.09.32 
0.1031 
(i  1254 
0.1467 
0.1665 

0.2005 
0.2551 
0.3176 
ii  3689 
0.4314 

0.4862 
0.5487 
0.6643 
0.7733 
0.9023 

1.0111 
1.1361 

1 . 3861 

1  Basic  diameters. 

2  Dimensions  given  are  figured  to  the  intersection  of  ^he  worn  tool  arc  with  a  centerline  through 
crest  and  root. 

3  The  tolerances  specified  for  the  pitch  diameter  are  cumulative  and  include  all  errors  of  lead 
and  angle. 

TABLE  8 — CLASS  IIA,  FREE  FIT,  FOR  NUTS  OF  THE  FINE  THRE \D  SERIES 


Threads 

Major  Diameter 

Pitch  Diameter 

Minor  Diameter 

Size 

Per 

Toler- 

Toler- 

Toler- 

Inch 

Min.5 

ance 

Max. 

Min.1 

ance3 

Max. 

Min. 

ance 

Max. 

0 

SO 

0.0609 

0.0024 

0.06.35 

0.0519 

0.0017 

0.0536 

0.0465 

0.0013 

0.0478 

1 

72 

0.0740 

0.0028 

0.0768 

0.0640 

0.0018 

0.0658 

0.0580 

0.0015 

0.0595 

2 

64 

0.0871 

0  0031 

0.0902 

0  0759 

0.0019 

0.0778 

0.0691 

0.0017 

0.0708 

3 

56 

0.1003 

0.0033 

0.1036 

0.0S74 

0.0020 

0.0894 

0.0797 

0.0019 

0.0816 

4 

48 

0.1135 

0  0037 

0.1172 

0.0985 

0.0022 

0.1007 

0  0S94 

0.0023 

0.0917 

5 

44 

0.1266 

0.0040 

0.1306 

0.1102 

0.0023 

0.1125 

0.1004 

0.0025 

0.1029 

6 

40 

0.1398 

0.0042 

0.1440 

0.121s 

0.0024 

0  1242 

0.1109 

0.0027 

0.1136 

8 

36 

0.1660 

0.0045 

0.1705 

0.1460 

0 . 0025 

0.1485 

0.1339 

0.0030 

0.1369 

10 

32 

0.192.3 

0.0049 

0.1972 

0.1697 

0.0027 

0.1724 

0.1562 

0.0034 

0.1596 

12 

28 

0.21S6 

0.0057 

0.2243 

0.1928 

0.0031 

0.1959 

0.1773 

0.0039 

0.1812 

Y* 

28 

0.2526 

0.0057 

0.2583 

0.226S 

0.0031 

0.2299 

0.2113 

0.0039 

0.2152 

_5_ 

24 

0.3155 

0.0063 

0.321S 

0.2854 

0.0033 

0.2887 

0.2674 

0.0045 

0.2719 

VK 

24 

0.3780 

0.0063 

0.3843 

0.3479 

0.003.3 

0.3512 

0.3299 

0.0045 

0.3344 

7 

20 

o   (til 

0.0072 

il  4483 

0.4050 

0.0036 

0.4086 

ii  :;s::i 

0.0054 

0.3888 

y2 

20 

0.5036 

0.0072 

0.5108 

0.4675 

0.0036 

0  4711 

0.4459 

0.0054 

0.4513 

_?_ 

18 

0.5665 

0.00S1 

0.5746 

0.5264 

0.0041 

o  5305 

(1  5021 

0.0080 

0.5084 

■  % 

18 

0.6290 

ii  0081 

0.6371 

ii   5SS9 

0.0041 

0.5930 

ii  5649 

0.0060 

0.5709 

:;, 

16 

o  7545 

0.0090 

n  7ii::;, 

0.7094 

0.0045 

0.7139 

0.6823 

0  0068 

0.6891 

v* 

14 

0.8802 

0.0100 

0.S902 

n  8286 

0.0049 

ii  5335 

0.7977 

0.0077 

:l  si  154 

i 

14 

1.0052 

0.0100 

1.0152 

0.9536 

0.0049 

0.9585 

0.9227 

0.0077 

0.9304 

m 

12 

1.1310 

0  0116 

1.1426 

1.0709 

0.0056 

1   0765 

1.0348 

0.0090 

1.0438 

i>, 

12 

1   2560 

0.0116 

1.2676 

1 . 1959 

0.0056 

1   2015 

1.1598 

0.0090 

1.1688 

I1, 

12 

0.0116 

1.5176 

1     I!",:; 

0.0056 

1    1515 

1 . 4098 

0.0090 

1.41NS 

1  Basic  diameters. 

1  Dimensions  given  are  figured  to  the  intersection  of  the  worn  tool  arc  with  a  centerline  through 
crest  and  root. 

3  The  tolerances  specified  for  the  pitch  diameter  are  cumulative  and  include  all  errors  of  lead 
and   angle. 
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TABLE  G      CLASS  IIB,  MEDIUM  FIT,  ERIES 


M  ijor  1  liameter 

Pitch  1 '  i :  1 1 1 1 .  ■  I .  ■  r 

Minor  1  liameter 

- 

Toler- 

Toler- 

Toler- 

Inch 

Min. 

Max.' 

Mm 

\l  i  • 

Mill. 

0 

80 

ii  0026 

0  0574 

n  0506 

0.0447 

0.0425 

1 

72 

0  0730 

ii  0026 

II  0701 

0  0640 

.)  0013 

o  0627 

0  0560 

0.0023 

64 

ii  0S60 

n  0832 

ii  0759 

0  001  i 

0  07  1". 

o  0025 

o  0643 

0  00  10 

0  0960 

0  0874 

0  0015 

0  0859 

0  077! 

o  0028 

0  0743 

4 

18 

0.1120 

ii  1088 

ii  0016 

0  0969 

o  0864 

ii  0031 

0  1250 

0  1218 

0  1102 

n  0016 

o  1086 

o  0971 

o  0032 

o  0939 

6 

in 

0  i  ;80 

n  0034 

0  1346 

0. 121s 

II  (1017 

0.1201 

o.  107:'. 

o  on:;:. 

ii  L038 

s 

36 

0  1640 

ii  i  160 

0.0018 

o.l  142 

o  1299 

ii  mi  ;-. 

o  1261 

10 

II     [1  III! 

n  0038 

0.1697 

0.0019 

o  1678 

o  L517 

142 

n   1  I77, 

12 

28 

ii  2160 

0  2116 

0.1928 

ii  0022 

o  1906 

0.1722 

o  mils 

0.1674 

H 

28 

n  2500 

n  0044 

n  2456 

ii  2268 

0.0022 

0.2246 

o  2062 

o  mils 

n    •nil 

24 

0  3125 

ii  mils 

o  3077 

ii  2854 

0  0024 

o  2830 

0.261  I 

0.0054 

o  2560 

24 

0.3750 

0  3702 

0.3479 

o  0024 

ii  3455 

ii  3  •  19 

o  oo;,  1 

ii  3185 

,;. 

20 

0  0052 

n   1323 

ii   1050 

0  0026 

0.  1021 

0.3762 

0.0063 

o  3699 

H 

20 

ii  5000 

n  0052 

ii   1948 

ii   1675 

0.0026 

0.4649 

o   B87 

0.0063 

o   1324 

18 

ii  5625 

0  0060 

0  ■ 

0  5264 

0.0030 

o  5234 

0.4943 

II    11070 

o  is7:; 

18 

0.6250 

.1  0060 

ii  6190 

ii  5889 

0.0030 

o  5859 

0.5568 

0.0070 

o  5498 

16 

n  0064 

0.7436 

0.7094 

0  oo:  '.2 

0.7002 

o  r,7:;:; 

0.0077 

o  i;r,:,t; 

14 

(1  0072 

ii  8678 

ii  8286 

0.0036 

0.8250 

0.7874 

188 

0  77NC, 

i 

14 

1  0000 

ii  0072 

ii  9928 

0.9530 

0.0030 

0.9500 

0.9124 

0   (IONS 

0.9030 

i', 

12 

ii  0080 

1.1170 

1.0709 

0  00  10 

1  0669 

1.0228 

0.0101 

1.0127 

i'. 

12 

1.25Q0 

n  0080 

1   2420 

1    1959 

0  0040 

1.1919 

1.1  17S 

0.0101 

1 . 1377 

!'.■ 

12 

1.5000 

o  0080 

1    1920 

1    1 159 

0.0040 

1.  1419 

1  3978 

0.0101 

l.:;s77 

1  Basic  diameters. 

:  1 'intensions  given  are  figured  to  the  intersection  of  the  worn  tool  arc  with  a  centerline  through 

and   root. 
'  The  tolerances  specified  for  the  pitch  diameter  are  cumulative  and  include  all  errors  of  lead 
and  angle. 


TAB1  B  10      1  LASS  111' 

,  MEDIUM 

mi.     nil  nits  (IK  THE  FINE  THREAD  SERIES 

Per 

inch 

M:ij"r  Diameter 

Pitch  Diameter 

Minor  Diameter 

- 

Min.1 

Toler- 

Max. 

Min.1 

Toler- 

.•lllre" 

Max. 

Min. 

Toler- 
ance 

Max. 

0 

1 

2 
3 
4 

5 
6 

s 
10 

12 

A 
A 

ft 

% 

i 

W 

i'. 

80 
72 
64 
56 

48 

44 
40 
36 
32 
28 

28 
24 
24 
20 
20 

is 
18 
16 

1  ' 
1  1 

IJ 
12 

12 

109 

0.0740 
o  0871 
o  [003 
0.1135 

0.1266 
ii  1398 
ii  1660 
0. 1923 
o  2186 

ii  3155 
o  3780 

ii.  Ill  1 
0.5036 

0  5665 

0.7545 
0.8802 

1  1310 
i    5060 

n  0022 
o  0023 

126 

ii  mil's 
0.0031 

n  oo:;:, 
o  0038 

o  nun 

1)  00  Is 
0    OOI.S 

154 

n  0054 
0  0062 
0.0062 

0.0070 

0  11070 
o  0077 
o  oos7 
o  oos7 

n  (Hon 
0.0100 
0.0100 

;:;i 

ii  0763 
o  osi  17 
0.1031 
0.1166 

n   1299 
n  l  B3 
o  1698 
0.1964 

0  223  1 

0  2574 
n  3209 
0  3834 

o  117:: 
0.5098 

o  5735 
0  6360 

0  7022 

0  8889 
i  0139 

1.1410 
i   2660 

1  5160 

0.0519 
o  0640 
o  0759 

O    Os7l 

0.0985 

0.1102 

0.1218 

0    1100 

o  1697 
0.1928 

0.2268 
o  2854 
o  3479 
0.4050 
o   1675 

o  5264 

n  5889 

0   700  1 

O    SJsC, 

0  9536 

1.0709 

1  in:," 
l    1 159 

0  0013 
0  0013 

0  ool  1 
0.0015 
0.0010 

0.0010 

0    0017 

0.0018 

0    OHIO 

0  0022 

0.0022 
o  0024 
0.0024 
0.0026 
o  0026 

0.0030 
o  0030 
o  0032 
o  0036 
o  0036 

O    OHIO 
0  OHIO 

( Hi 

0.0532 
0.0653 

0.0773 

O    OSS'.I 

0.1001 

0.1118 

o  I2::."i 

0    1  17s 

0.1716 

0.1950 

0.2290 
0.2878 
o  3503 
0.4070 
0.4701 

0.5294 
0.5919 
0.7126 
o  8322 

0  9572 

1.0749 

1  1999 

1  .  1 10'J 

0.0465 
0.0580 

0    0001 
O  11707 
0  0S0! 

0.1004 
0.1109 
0.1339 

0.  1562 

0.1773 

0.2113 

0  2071 
o  3299 
o  3834 
o   1459 

0.5024 
0.5649 
o  6823 

0  7077 
0.0227 

1  0348 
l    1598 

1.  1098 

0.0013 

0.0015 

0    11017 

0.0019 

o  002:: 

0.0025 
0.0027 
o  0030 
o  0034 
o  0039 

0.0039 
o  i»W, 
0.0045 

154 

0.0054 

0  00011 
0   0000 

0.0068 
0.0077 

0.0077 

0.0090 

0   0000 

0  0090 

0.0478 
0.0595 
0  070S 
o  0816 
0.0917 

0.1029 
0.1136 
o  1369 
0. 1596 

0.1812 

0.2152 
0.2719 
0.3344 

0  3SSS 
0   1513 

0.5084 
0.5709 

0  0S01 

o  sir,  i 
o  9304 

1.0438 

1.1  OSS 

1.4188 

1  Basic  diameters. 

ven  are  figured  to  the  intersection  of  the  WO  arc  with  a  centerline  M 

crest  and  root. 

1  The  tolerances  specified  for  the  pitch  diameter  are  cumulative  and   include  all  errors  01 
and  angle. 
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pitch  diameter  of  the  maximum  screw  ami 
the  minimum  nut  shall  be  zero  for  all  pitches 
and  all  diameters 
(6)  Tolerance  Values.  The  tolerances  for  a 
screw  or  nut  of  a  given  pitch  shall  be  as 
specified  in  Table  2. 

Screws,  Bolts  and  Nuts 

(Proposed  Revision  of  S.  A.  E.  Standard) 

The  Society  has  received  inquiries  from  time  to  time 
as  to  standard  practice  for  measuring  lengths  of  screws 
and  bolts,  materials,  heat-treatments  and  machining  of 
the  present  S.A.E.  Standard  Screws,  Bolts  and  Nuts 
shown  on  page  C2  of  the  S.A.E.  Handbook.  These  in- 
quiries were  referred  to  the  Screw  Threads  Division  for 
the  purpose  of  revising  the  standard  to  include  such  data. 

The  Screw  Threads  Division  recommends  that  the 
explanatory  text  in  the  S.A.E.  Standard  for  Screws, 
Bolts  and  Nuts,  page  C2  of  the  S.A.E.  Handbook,  be 
revised  and  extended  to  read 

The  length  of  the  effective  thread  of  screws 
and  bolts  shall  be:  D  X  1.5  4-  hi  in.  As  bolts  and 
screws  conforming  to  these  specifications  are  pri- 
marily intended  for  use  with  nuts,  the  oval  end  is 
not  included  in  the  nominal  length 

All  heads  and  nuts  shall  be  semi-finished.  All 
screws  and  nuts  shall  be  made  of  steel 

Unless  otherwise  specified,  S.A.E.  Standard 
screws,  bolts  and  nuts  will  be  made  to  Class  II  A 
(Free  Fits)  as  specified  in  the  (proposed)  S.A.E. 
Standard  for  Screw-Threads* 

S.A.E.  Standard  bolts  without  slots  or  cotter- 
pin  holes  are  obtainable  in  stock.  If  slots,  cotter- 
pin  holes  or  case-hardening  are  desired,  these 
should  be  specified  by  the  purchaser 

The  members  of  the  Division  have  felt  for  some  time 
that  the  present  standard  would  be  of  more  value  if  it 
included  standard  locations  of  the  cotter-pin  holes  when 
for  use  where  the  latter  are  used.     This  subject  was  re- 
ferred to  Chairman  Ehrman,  of  the  Chicago  Screw  Co., 
who  prepared  a  report  which  has  been  balloted  upon  fa- 
vorably by  the  members  of  the  Division.    Therefore 
The    Screw-Threads    Division    recommends   that    the 
accompanying  table   indicating  cotter-pin   locations   be 
added  to  the  present  S.A.E.  Standard  of  Screws,  Bolts 
and  Nuts,  page  C2  of  the  S.A.E.  Handbook. 


CoHer-PmHole-G 


Cotter-pin  holes  shall  be  located  by 

dimension  L 

At 

fft 

M 

-it 

Gt 

M 

.It 

Gt 

.1/ 

H-28 

_5_ 

A 

ft   L8 

5 

32 

9 
64 

1     -14 

5 

;i2 

3 

....  ->1 

_5_ 

.,', 

■\    is 

32 

5 
32 

i\  12 

: 

^7_ 

.  Jl 

H 

T 
64 

::  L6 

32 

5 
32 

P,    L2 

7 
3  2 

7 

,:..  -'" 

V* 

7 
64 

,    16 

3? 

-  1  6 

l3s-12 

H 

% 

i  ,  -'() 

5 

32 

y% 

y8-i« 

3  2 

16 

l',,-12 

'. 

H 

•This  proposed  standard  is  taken  from  the  Progress  Report  of  the 
National  Screw  Thread  Commission  as  reviewed  by  ihe  Working 
Committee  ol  the  Sectional  Committee,  which  is  sponsored  by  the 
S sty  and  the  American  Society  of  Mechanical   Engineers. 

fs  A  10-  Standard,  page  C2,  S.A.E.  Handeook. 


Gages  and  Gaging 

(Proposed  General  Information) 

The  Screw  Threads  Division  has  undertaken  to  pre- 
pare articles  covering  various  phases  of  screw-thread 
practice  and  matters  germane  thereto  for  publication  as 
general  information  in  THE  JOURNAL  and  subsequently 
in  the  S.A.E.  Handbook. 

At  the  meeting  of  the  Division  held  on  May  1  Earl 
Buckingham,  of  Pratt  and  Whitney  Company,  who  had 
been  delegated  to  prepare  a  treatise  on  the  fundamentals 
of  gages  and  gaging  for  screw-thread  products,  submit- 
ted a  report  which  was  approved  by  the  Division  as  gen- 
eral information. 

The  Division  recommends  that  the  following  state- 
ment submitted  by  Mr.  Buckingham  be  approved  by 
the  Standards  Committee  for  publication  as  general 
information  only. 

GAGES  AND  GAGING  FOR  SCREW-THREADS 
I.  Introductory 
The  art  of  measuring  screw-threads  has  developed  very 
rapidly  during  the  past  few  years.  This  development  still 
continues,  so  that  it  would  be  extremely  inadvisable  to  at- 
tempt to  specify  "any  one  definite  method  as  standard  for 
this  purpose.  The  object  of  this  report  is  to  establish  so 
far  as  possible  the  fundamentals  of  this  subject,  and  to  point 
out  various  practices  now  successfully  used. 

II..  Fundamentals 

Object  of  Gaging. — The  final  result  sought  by  gaging  is 
interchangeable  manufacture  in  some  degree.  This  means 
that  the  mating  parts  can  be  assembled  without  fitting  one 
part  to  another  and,  when  assembled,  the  mechanism  will 
function  properly.  Gaging  should  be  employed  more  to  pre- 
vent unsatisfactory  parts  from  being  produced  than  to  sort 
out  the  correct  parts  from  the  incorrect  ones. 

Direction  of  Tolerances  on  Gages. — The  extreme  sizes  for 
all  limit-gages  shall  never  exceed  the  extreme  limits  of  the 
part  being  produced.  All  variations  in  the  gages,  whate\'er 
their  cause  or  purpose,  shall  bring  these  gages  within  these 
extreme  limits.  Thus  a  gage  that  represents  a  minimum 
limit  may  be  larger,  but  never  smaller,  than  the  minimum 
size  specified  for  the  part  being  produced,  while  the  gage 
that  represents  a  maximum  limit  may  be  smaller,  but  never 
larger,  than  the  maximum  size  specified  for  the  part  being 
produced. 

Temperature  at  Which  Gages  Shall  Be  Standard. — Gages 
shall  be  standard  at  a  temperature  of  68  deg.  fahr. 

Standard  or  Basic  Size. — The  standard  or  basic  size,  as 
physically  represented  by  a  correct  standard  master-gage,  is 
the  line  at  which  interference  begins  between  mating  parts. 

Purpose  of  "Go"  and  "Not  Go"  Gages. — The  "Go"  gages, 
which  are  the  gages  that  represent  the  maximum  limit  of  the 
internal  member  and  the  minimum  limit  of  the  external  mem- 
ber, control  the  allowances  between  mating  surfaces  and  also 
control  interchangeability.  "Go"  gages  control  the  maxi- 
mum tightness  in  the  fit  of  mating  parts.  Parts  that  are 
acceptable  to  proper  "Go"  gages  will  always  interchange. 
Successful  interchangeable  manufacturing  has  been  carried 
on  for  many  years  with  the  use  of  "Go"  gages  only. 

The  "Not  Go"  gages  limit  the  extent  of  the  permissible 
variations,  thus  limiting  the  amount  of  looseness  between 
mating  parts.  "Not  Go"  gages  control  the  maximum  loose- 
ness in  the  fit  of  mating  parts  and  thus  control,  in  large 
measure,  the  proper  functioning  of  the  assembled  mech- 
anisms. 

III.  Gage  Classification 

Master  Gage. — The  master  gage  is  a  plug  thread-gage  that 
represents  as  exactly  as  possible  the  physical  dimensions  of 
the  nominal  or  basic  size  of  the  component.  A  standard 
master-gage  shall  be  accompanied  by  a  record  of  its  meas- 
urement and  the  gage  should  be  used  with  knowledge  of  any 
deviations  or  corrections.  In  case  of  question,  the  deviations 
of  this  gage  from  the  exact  standard  shall  be  ascertained 
by  the  Bureau  of  Standards. 
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I;,  ■  \    commonlj    used   name   for  a   ma 

gage.     S  Buch   k'-'^''>   include  those   thai    repn 

tin-  extreme  limits  of  the  product  and  are  used  to  check  ihe 
in-p.-!  •.  i'  si  and  working  gages. 

Che  gages  «i~<-.l  to 
check  the  product   may  be  divided   into  two  general   types: 
mechanical  and  optical.     Both  types,  however,  are 
by  the  master  gages.    In  general,  most  of  the  pari 
by  one  method  of  gaging  will  be  accepted  i>>   the  other,     it 
should  be  pointed  out,  however,  that   those  parts  which 

either   rejection-point,   may   be  accepted   by 
.stem  and  rejected  by  t In-  other. 
Mechanical  gages  are  often  divided   into  two  classes:    ra- 
tion gages  and  working  gages.     Inspection  gages  are  for 
the  use  of  tin-  inspector  in  accepting  the  product.    They  are 
generally  of  tin-  same  design  as  the  working  gages  ami  the 
dimensions  are  such  that  they  represent  very  nearly  the  ex- 
treme  limits  of  the   part   being  produced      Working   g 
are  those  used  by  the  workman  to  check  the  parts  as 

machined.     It  is  recommended  that,  when  successive  in- 
spections are  required,  the  working  gages,  by  either  design 

or    selection,   he  of   sueh    dimensions    that    they    are    inside    the 

limits  of  tlie  traces  used  in  succeeding  inspections. 

When  gages  of  the  optical  type  are  employed,  the  same  or 

duplicate  instruments  are  Used  for  both  classes  of  inspection. 

No  distinction    in   size   is   necessary,   as   the   elements  of   wear 
and  "feel"  are  not  involved  in  this  method  of  measuring. 

IV.  Gaging  Practices  and  Cages 

The  production  of  accurate  parts  is  primarily  a  matter 
of  eternal  vigilance.  The  smaller  the  limits  that  are  to  be 
maintained,  the  more  complete  the  inspection  or  gaging  sys- 
tem must  be.  To  secure  satisfactory  results,  the  manufac- 
turing tools  provided  must  be  sufficently  accurate  and  the 
manufacturing  methods  sufficiently  reliable  to  produce  the 
required  results.  After  tools  and  methods  of  proved  reli- 
ability ate  provided,  the  next  point  is  to  watch  the  wear  on 
the  tools  or  their  set-up  to  assure  the  maintenance  of  the 
required  conditions.  This  is  accomplished  sometimes  by  a 
periodical  test  of  the  tools,  sometimes  by  periodical  gaging 
of  the  product,  and  sometimes  by  both. 

Thread  Micrometers. — Thread  micrometers  are'  used  exten- 
sively to  measure  the  pitch-diameter  of  taps  and  threaded 
internal  parts.  Thread  micrometers  should  be  calibrat.d 
periodically  against  a  master  gage,  to  avoid  errors  due  to 
wear  on  the  anvils  of  the  instrument.  Thread  micrometers 
give  no  indication  of  lead  and  angle  errors;  therefore,  the 
results  of  tests  with  thread  micrometers  alone  cannot  be 
taken  as  conclusive. 

Thread  S)ia)>-Gagei<. — Thread  snap-gages,  generally  con- 
sisting of  conical  points,  are  commonly  used  to  measure  the 
pitch-diameter  of  screws  and  other  threaded  internal  parts. 
As  in  the  case  of  thread  micrometers,  these  gages  give  no 
indication  of  lead  and  angle  errors.  Therefore,  the  results 
of  tests  with  them  alone  cannot  be  taken  as  conclusive. 

S  j  /  ■  •  d-Gages. — Ring  thread-gages  are  used  exten- 
sively to  measure  the  thread  on  internal  parts.  These  are 
usually  adjustable  and  are  adjusted  to  suitable  master  or 
reference  gages.  Where  parts  are  to  be  produced  within 
specified  limits,  "Go"  and  "Not  Go"  gages  are  required.  The 
thread  on  the  "Go"  gage  is  made  of  full  form  with  its  major 
diameter  cleared  or  undercut  to  give  a  suitable  clearance  for 
grinding  or  lapping.  The  "Not  Go"  gage  should  be  made 
primarily  to  check  the  minimum  pitch-diameter.  The  minor 
diameter  of  such  a  gage  should  therefore  never  be  smaller 
than  the  minor  diameter  of  its  corresponding  "Go"  g  ,■■■ 
and  its  major  diameter  should  be  cleared  as  in  the  case  of  the 
"Go"  gage.  The  use  of  such  gage-  gives  a  certain  measure 
of  lead  and  angle  errors,  as  well  as  of  pitch-diameter  errors. 
A  proper  "Go"  gage  will  reject  any  parts  that  exceed  the 
maximum  dimensions  specified.  The  "Not  Go"  gage,  how- 
ever, does  not  necessarily  reject  all  parts  that  exceed  the 
specified  cumulative  tolerance.  It  is  possible,  with  the  use 
of  such  gages,  to  accept  parts  that  exceed  this  cumulative 
tolerance  because  of  lead  or  angle  errors,  or  both.  With  the 
proper  check  on  tools  and   manufacturing  methods,  however, 


such  possibilil  the  exception.     Such  gages  have  been 

Used    successfully    for    many    years. 

Thread  Comparators.     A  recent  development  in  the  art  of 

measuring  threaded  parts  is  the  thread  comparator.  USUallj 
an  optical  instrument.  These  optica]  instruments  throw  .m 
enlarged  image  of  the  thread  upon  a  screen  u  here  it  is  com- 
pared with  the  enlarged  outline  of  the  required  form.     The 

location    of    the    form    Used    for   comparison    is    made    to    agrei 

with  the  image  of  the  master  gage.  With  such  instruments 
all  errors,  both  individual  and  cumulative,  of  diameter,  lead 
and  angle  can  be  determined  readily.  These  instrument 
can  be  adapted  to  mea  ure  taps  and  threaded  internal  parts. 
Plug  Thread-Gages.  Plug  thread-gages  are  used  exclu- 
sivelj    at    the    present    time    to    measure   threaded   holes  or 

threaded    external    parts.      Where    parts   are    to    he    produced 

within  specified  limits,  "Go"  and  "Not  Go"  gages  are  re- 
quired. The  thread  on  the  "Go"  gage  is  made  of  full  form 
with  its  minor  diameter  cleared  or  undercut  to  give  a  suit- 
aide  clearance  for  grinding  or  lapping.  The  "Not  Go"  gage 
should  be  made  primarily  to  check  the  maximum  pitch- 
di  i  meter.  The  major  diameter  of  such  a  gage  should  there 
fore  never  be  larger  than  the  major  diameter  of  its  cone 
sponding  "Go"  gage,  and  its  minor  diameter  should  be  cleared 
as  in  the  case  of  the  "Go"  gage.  The  use  of  such  gages  gives 
a  certain  measure  of  lead  and  angle  errors,  as  well  as  of 
pitch-diameter  errors.  A  proper  "Go"  gage  will  reject  any 
parts  that  exceed  the  minimum  dimensions  specified.  The 
"Not  Go"  gage,  however,  as  in  the  case  of  the  ring  thread- 
gage,  does  not  necessarily  reject  all  parts  that  exceed  the 
specified  cumulative  tolerance. 

Methods  of  Inspecting  Screws. — One  practice  of  inspecting 
screws  produced  on  automatic  machines  is  to  provide  a  ring 
thread-gage  set  to  approximately  the  mean  size  between  the 
maximum  and  minimum  limits.  The  threading  tools  are  then 
set  so  that  the  product  enters  this  intermediate  gage,  but 
will  not  enter  the  minimum  or  "Not  Go"  gage.  The  machine 
is  then  started  up  and  parts  are  tested  periodically  with  the 
regular  "Go"  gage  and  the  intermediate  gage.  When  the 
parts  have  increased  in  size  so  that  they  will  not  enter  the 
intermediate  gage  more  than  three  or  four  turns,  the  set-up 
is  changed,  even  though  the  parts  are  still  acceptable  to  the 
"Go"  gage. 

A  very  similar  plan  can  be  followed  when  a  screw-thread 
comparator  is  employed.  The  original  set-up  should  be 
toward  the  minimum  limit  and  the  set-up  should  be  changed 
as  the  maximum  limit  is  approached. 

Reference  has  been  made  to  successive  inspections.  Al- 
though the  manufacturer  may  give  but  one  inspection,  it 
should  be  realized  that  the  purchaser  often  inspects  the 
product  to  assure  that  the  prescribed  specifications  have  been 
fulfilled.  Therefore,  to  reduce  the  possibilities  of  disagree- 
ment to  a  minimum,  the  manufacturer  should  strive  to  pro- 
duce parts  well  within  the  specified  limits  rather  than  close 
to  the  limiting  sizes. 

Thread  micrometers  and  thread  snap-gages  are  used  ex- 
tensively for  testing  the  product  as  it  is  produced.  As  these 
instruments  do  not  test  all  elements  of  the  screw-thread,  a 
"Go"  gage  should  always  be  used  as  a  supplementary  test. 
Thread  micrometers  are  a  very  effective  means  of  watching 
the  change  in  set-up  due  to  wear  on  tools,  etc. 

Methods  of  Inspecting  Tapped  Holes. — One  practice  of  in- 
specting tapped  holes  is  first  to  inspect  the  tap,  and  then 
test  the  tapped  holes  periodically  with  suitable  gages.  The 
tap  can  he  watched  for  wear  by  testing  the  tapped  holes  with 
a  "Go"  thread-gage.  One  widely  used  practice  consists  of 
using  a  "Go"  plug  thread-gage  and  a  "Not  Go"  plain  plug- 
gage  for  the  minor  diameter. 

Another  practice  of  inspecting  taps  is  to  measure  the  sev- 
eral elements,  such  as  pitch-diameter,  angle  and  lead;  and 
still  another  consists  of  tapping  a  hole  with  each  tap  before 
it  is  issued  from  the  tool-crib  and  testing  these  tapped  holes 
with  "Go"  and  "Not  Go"  plug  thread-gages. 

V.    Inspection  of  Gages 

When  successive  inspections  in  the  same  plant  are  involved, 
it  is  good  practice  to   inspect  all   gages  of  the  same  nominal 
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size  against  each  other  periodically,  and  to  distribute  these 
gages  so  that  the  earlier  inspections  will  be  made  with  those 
that  are  the  greatest  amount  inside  of  the  component  toler- 
ance, and  the  later  inspections  with  those  gages  closest  in 
size  to  the  component  tolerance. 

PASSENGER-CAR  BODY  DIVISION  REPORT 
Division  Personnel 

G.  E.  Goddard,  Chairman  Dodge  Bros. 

A.  J.  Neerken,  Vice-Chairman  Hupp  Motor  Car  Corporation 

Wra.  Brewster  Brewster  &  Co. 

E.  G.  Budd  Edward  G.  Budd  Mfg.  Co. 

J.  S.  Burdick  Buffalo  Body  Corporation 

O.  H.  Clark  Zeder-Skelton-Breer  Engineer- 

ing Co. 

A.  E.  Garrels  Studebaker      Corporation      of 

America 

E.  W.  Goodwin  Body  Expert 

G.  W.  Kerr  Rolls-Royce  of  America,  Inc. 

G.  J.  Mercer  Consulting  Engineer 

H.  C.  Nelson  Mullins  Body  Corporation 

Top-Irons 

(Proposed  S.A.E.  Recommended  Practice) 

One  of  the  first  subjects  considered  by  the  Passenger- 
Car  Body  Division  was  the  standardization  of  top-irons. 
Information  on  present  practice  was  obtained  which  indi- 
cated that  a  threaded-end  with  7/16-14  U.  S.  Standard 
threads  is  used  generally.  Consideration  was  given  to 
the  possibility  of  standardizing  a  series  of  complete  top- 
irons,  and  0.  H.  Clark,  formerly  with  the  Willys  Corpo- 
ration, was  appointed  a  Subdivision  to  study  the  matter. 
A  tentative  recommendation  was  submitted  which  was 
printed  in  The  Journal.  Further  consideration  of  the 
subject,  however,  indicated  that  only  the  threaded  end  of 
the  top-iron  should  be  standardized,  as  the  other  dimen- 
sions depends  largely  on  individual  conditions  that  do  not 
lend  themselves  readily  to  interchangeability  of  top- 
irons.    Therefore 

The  Division  recommends  for   S.A.E.   Recommended 
Practice   that  the   threaded-end   of  top-irons    shall   be 
7/16-14  U.  S.  Standard  thread 

SPRINGS  DIVISION  REPORT 


Division  Personnel 


S.  P.  Hess,  Chairman 
H.  R.  McMahon,  Vice- 
Chairman 
R.  S.  Begg 
E.  S.  Corcoran 

H.  E.  Figgie 
W.  M.  Newkiik 

Gustof  Peterson 

E.  V.  Rippingille 

F.  A.  Whitten 


Detroit  Steel  Products  Co. 
Standard  Steel  Spring  Co. 

Jordan  Motor  Car  Co. 
Kelly-Springfield  Motor  Truck 

Co. 
Perfection  Spring  Co. 
William    &    Harvey    Rowland, 

Inc. 
Electric  Alloy  Steel  Co. 
Watson  Stabilator  Co. 
General  Motors  Truck  Co. 


Spring-Eye  Bushings 

(Proposed  Revision  of  S.A.E.  Recommended  Practice) 
The  Springs  Division  has  reviewed  the  existing  spring 
standards  and  believes  that  the  present  S.A.E.  Recom- 
mended Practice  for  Spring-Eye  Bushings  and  Bolt  Tol- 
erances, page  H5  of  the  S.A.E.  Handbook,  should  specify 
the  tolerances  for  the  spring-eye  bushings  only,  the  al- 
lowable bolt  tolerances  being  properly  a  matter  for  the 
bolt  manufacturers  to  decide.    Therefore 

The  Springs  Division  recommends  that  the  present 
S.A.E.  Recommended  Practice  for  Spring-Eye  Bushing 
and   Bolt  Tolerances  be  revised  by  the  elimination  of 


the  bolt  tolerances,  the  title  of  the  Recommended  Prac- 
tice to  be  changed  to  "Spring-Eye  Bushings." 

Definitions 
(Proposed  S.A.E.  Standard) 

The  Springs  Division,  in  reviewing  the  existing 
Spring  standards,  has  felt  that  definitions  of  terms  used 
in  the  spring  industry  would  be  of  material  value  in  pre- 
venting many  misunderstandings  due  to  different  inter- 
pretations of  such  terms.  A  Subdivision  has  been  at 
work  redrafting  "Leaf-Spring  Specifications"  and  in  con- 
nection with  this  work  the  members  of  the  Division  have 
prepared  the  following  definitions  which  are  recom- 
mended for  adoption  by  the  Society. 

This  report  probably  should  be  adopted  at  this  time  as 
a  section  of  the  present  S.A.E.  Standard  for  Leaf-Spring 
Nomenclature,  page  HI  of  the  S.A.E.  Handbook.  How- 
ever, in  the  further  development  of  standardization  of 
automotive  springs,  it  may  be  desirable  to  make  these 
definitions  a  part  of  some  other  section  of  the  standards, 
or  an  individual  standard.  This  can  be  arranged  for 
after  the  adoption  of  the  definitions  by  the  Society,  as 
the  work  of  the  Division  progresses. 

The  Springs  Division  recommends  the  adoption  of  the 
following  definitions  as  S.A.E.  Standard: 

DEFINITIONS 

Deflection. — The  amount  of  travel  of  a  spring 
under  the  application  of  a  specified  load,  ex- 
pressed as  inches  per  pound. 

Flexibility. — The  flexing  characteristics  of  a 
spring,  determined  by  the  weight  which  will 
deflect  it  1  in.,  expressed  as  pounds  per  inch. 
(See  "Flexibility  Test,"  page  H19,  S.A.E. 
Handbook.) 

Composite  Springs. — Springs  made  of  leaves  (or 
plates),  one  or  more  of  which  are  of  alloy 
steel  and  the  rest  of  carbon  steel. 

Unsprung  Weight. — The  total  weight  of  all  parts 
not  supported  on  the  springs,  including  axles, 
wheels,   rims  and  tires  complete. 

Rated  Loeid. — The  load  which  the  vehicle  manu- 
facturer specifies  shall  be  carried  by  the 
springs  at  a  given  spring-height. 

Load  Clearance. — The  maximum  distance  through 
which  a  spring  can  travel  beyond  its  rated 
load  position,  before  striking. 

Load  Height. — The  distance  from  a  line  through 
the  center  of  the  spring-eyes  to  the  face  of 
the  axle-pad,  when  the  spring  is  deflected  to 
rated  load. 

Load  Length. — The  distance  between  the  centers 
of  the  spring-eyes  when  the  spring  is  de- 
flected to  rated  load. 

Free  Height. — The  distance  from  a  line  through 
the  center  of  the  spring-eyes  to  the  face  of 
the  axle-pad,  when  the  spring  is  in  a  free, 
unloaded   position. 

Frame  Brackets  for  Springs 

(Proposed  Cancellation  of  S.A.E.  Recommended  Practice) 
In  reviewing  the  present  S.A.E.  Recommended  Prac- 
tice for  Frame  Brackets  for  Springs,  page  H6  of  the 
S.A.E.  Handbook,  the  Springs  Division  found  that  it  is 
neither  complete  nor  in  accord  with  present  practice.  It 
is  thought  that  the  standard  is  of  little  value  because 
each  car  builder  has  varying  conditions  to  meet  and  de- 
termines its  practice  accordingly.    Therefore 

The  Springs  Division  recommends  that  the  present 
S.A.E.  Recommended  Practice  for  Frame  Brackets  for 
Springs,  page  H6  of  the  S.A.E.  Handbook,  be  can- 
celled. 
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Division 
B.  C   Mougey,  ( 'hairman 

\\    V  Jorainy,  Vice-Chairman 
Sydney  Bevin 
P.J,  Oasey 
A    P 

w  li.  Berschel 
Mackenzie 
w .  E.  Perdew 
B.G.  Smith 
I    \\  .  Stack 


/ic/ 
General  Motors  Researi  : 

poration 
Studebaker  I  lorporation 
Tide  Watei  Oil  Co. 
Midwest  Engine  Co. 

International   Harvester  Co. 
Bureau  of  Standards 

Union  Petroleum  Co. 
Atlantic  Refining  Co. 

Standard  Oil  Co. 


Crankcase  Lubricating  Oil 
(Progress  Report  Only) 

One  of  the  most  important  subjects  before  the  Stand- 
ards Committee  is  the  establishing  of  definite  specifica- 
tions for  different  grades  of  engine  crankcase  oil  used 
by  the  several  groups  of  the  automotive  industry.  The 
Lubricants  Division  was  reorganized  on  an  active  basis 
in  1921  and  work  started  on  formulating  practical  speci- 
fications for  crankcase  oils,  cup  greases,  transmission 
greases  and  other  classes  of  lubricant.  The  work  of  the 
Federal  Government,  conducted  by  the  Bureau  of  Mines 
in  the  Interdepartmental  Committee  on  the  Standardiza- 
tion of  Petroleum  Specifications,  and  the  standard 
methods  of  testing  adopted  by  the  American  Society  for 
Testing  Materials,  have  been  considered  carefully  by  the 
Division. 

In  November  1921  a  questionnaire  was  sent  to  passen- 
ger-car, motor-truck,  tractor,  motorcycle,  motorboat, 
transmission  and  lubricant  manufacturers,  together  with 
the  Division's  tentative  specifications  for  crankcase  oils, 
except  for  airplanes;  motorcycle  oils  and  transmission 
oils,  requesting  information  as  to  changes  or  additions 
which  should  be  made. 

After  a  preliminary  discussion  of  the  tentative  speci- 
fications at  meetings  of  some  of  the  Divisions  represent- 
ing automotive  groups,  a  joint  meeting  of  the  Lubricants 
Division  and  members  of  the  Agricultural  Power  Equip- 


ment, the  Truck,  the  Passenger-Car,  the  Stationary- 
Engine,  the  isolated  Electric-Lighting  Plan!  and  the 
lie  Divisions  and  representatives  of  large  oil  pro- 
ducing companies  was  hold  in  April. 

liie  specifications  were  discussed  thoroughly  and  re- 
el s.  win  'what  in  substance,  heavier  grades  being  added 
to  the  list  and  the  separate  specifications  for  automobile 
and  motorcycle  oils  combined.  The  preparation  of  speci- 
fications for  transmission  lubricants  has  been  referred 
to  a  Subdivision  consisting  of  W.  E.  Jominy,  of  the 
Studebaker  Corporation  of  America,  and  H.  G.  Smith,  of 
the  Atlantic  Refining  Co. 

The  Division  is  presenting  the  revised  tentative  pro- 
posal at  this  time  as  a  progress  report  only,  for  the  pur- 
pose of  securing  discussion  from  Standards  Committee 
members  and  guests.  It  is  hoped  that  this  discussion  will 
develop  information  and  suggestions  that  will  be  of  value 
to  the  Division  in  its  work,  so  that,  when  the  specifica- 
tions are  finally  recommended  for  adoption  by  the  So- 
ciety, the  Division  may  be  assured  that  the  specifications 
are  approved  generally  and  conform  with  the  best  lubri- 
cating-oil  practice. 

General. — These  specifications  cover  grades  of 
petroleum  oil  for  the  lubrication  of  internal-combustion 
engines,  except  aircraft,  and  are  not  recommended  for 
the  lubrication  of  turbines. 

Only  refined  petroleum  oils  without  admixture  of 
fatty  oils,  resins,  soaps  or  other  compounds  not  de- 
rived from  crude  petroleum  will  be  considered. 

Corrosion  Test. — The  following  corrosion  test  shall 
not  cause  discoloration  of  copper  strip.  Place  a  clean 
piece  of  mechanically  polished  pure  strip  copper  about 
%  in.  wide  and  3  in.  long,  and  10  cc.  of  the  oil  to  be 
tested,  in  a  clean  test-tube.  Close  the  tube  with  a 
vented  stopper  and  hold  for  3  hr.  at  210  deg.  fahr. 
Rinse  the  copper  strip  with  sulphur-free  acetone  and 
compare  it  with  a  similar  strip  of  freshly  polished 
copper 

Precipitation  Number. — The  precipitation  number 
shall  not  be  greater  than  0.5  when  determined  by  the 
method  described  in  the  American  Society  for  Testing 
Materials  Tentative  Standard  Method  of  Test  for  Pre- 


ENGINE  CRANKCASE  OILS 
Tentative  specifications,  April  18,  1922 
General. — These  specifications  cover  grades  of  petroleum  oil   for  the  lubrication  of   internal-combustion  en- 
gines, except  aircraft,  and  are  not  recommended  for  the  lubrication  of  turbines. 

Only  refined   petroleum  oils  without  admixture  of  fatty  oils,  resins,  soaps  or  other  compounds  not  derived 
from  crude  petroleum  will  be  considered. 
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L'O  tn  ',n  Inclusive,  the  numbers  Indicate   the  first   two   figures  of  thi      i      i  iee   Saybolt  viscosity  In 

deg.  fahr.  of  tht  ed.     The  cipher  preceding  Specifications  Noi      !0  and  30  Indicate  that  the  pbur- 

ilue  of  these  two  grades  is  zero.     Nos.  60,  80  and  95  indicate  the  average  Savi,.,n    viscosity   In   seconds  for  these  three 

-1 0  deg    fahr 

tThe  limits  for  No.  80  are  to  be  reviewed  by  the  Lubricants  Division,  as  it  Is  felt  that  the  poui  -t.  91    limit  for  this  grade  of 

oil  is  low. 
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cipitation  Number  of  Lubricating  Oils,  No.  D91-21T. 
The  precipitation  number  is  the  number  of  cubic  centi- 
meters of  precipitate  formed  when  10  cc.  of  lubricating 


oil  is  mixed  with  90  cc.  of  petroleum  naphtha  of  definite 
quality  and  centrifuged  under  definite  prescribed  con- 
ditions 


OBITUARIES 


Frank  W.  Edwards,  sales  engineer  of  the  Dayton 
Engineering  Laboratories  Co.,  died  April  29  at  his  residence 
in  Dayton,  Ohio,  aged  41  years.  His  death  was  due  to  an 
acute  case  of  pneumonia.  He  was  born  at  Georgetown, 
Ohio,  April  10,  1881,  and  received  his  education  in  the  high 
school  and  the  night  school  of  the  Y.  M.  C.  A. 

In  1901  Mr.  Edwards  entered  the  service  of  the  Central 
Union  Telephone  Co.,  as  a  stock  keeper  and  before  leaving 
in  July,  1905,  had  been  promoted  to  assistant  wire  chief. 
From  the  Central  Union  Telephone  Co.  he  went  to  the 
National  Cash  Register  Co.  at  Dayton,  remaining  there  7 
years.  He  was  first  connected  with  the  electrical  depart- 
ment and  after  serving  there  for  a  while  was  later  engaged 
in  installing  electrical  systems  in  the  department  stores  of 
that  city.  On  Aug.  1,  1912,  he  became  associated  with  the 
Dayton  Engineering  Laboratories  Co.,  serving  in  its  experi- 
mental laboratory  for  6  months  and  then  having  charge  of 
the  installing  of  experimental  starting,  lighting  and  ignition 
systems  at  automobile  factories  for  2  years.  From  1914 
until  the  time  of  his  death  Mr.  Edwards  served  in  the  sales 
department  with  the  title  of  sales  engineer. 

Mr.  Edwards  was  elected  to  Associate  Member  grade  in 
the  Society  Sept.  8.  1915,  and  was  transferred  to  Member 
grade  June  16,  1918. 

Henry  Hess,  one  of  the  founder  members  of  the  Society 
and  president  in  1909,  died  on  March  23,  1922,  at  his  home 
in  Atlantic  City,  N.  J.  At  the  time  of  his  death  Mr.  Hess 
was  president  and  chief  engineer  of  the  Hess  Steel  Cor- 
poration which  he  organized  in  1912. 

Henry  Hess  was  born  in  Darmstadt,  Germany,  in  March, 
1864.  He  received  his  early  education  in  private  schools 
at  New  York  City,  later  studying  in  Germany.     His  prac- 


tical experience  was  obtained  in  the  machine  shop,  drawing 
room  and  office,  in  turn  as  machinist,  foreman,  draftsman 
and  manager,  chiefly  with  machine-tool  builders  and  the 
United  States  Government.  While  in  the  service  of  the 
Niles  Tool  Works,  he  designed  its  German  plant  and  was 
sent  to  Oberschoeneweide  near  Berlin  where  he  had  charge 
of  its  erection,  remaining  there  several  years  as  director 
and  consulting  engineer.  On  his  return  to  the  United  States 
in  1902  he  organized  the  Hess-Bright  Mfg.  Co.  for  the  man- 
ufacture and  sale  of  ball  bearings  conforming  to  the  Ger- 
man D.  W.  and  M.  design.  He  sold  his  interests  in  this 
company  in  1912,  when  he  organized  the  Hess  Steel  Corpora- 
tion of  Baltimore,  serving  as  president  and  chief  engineer 
of  this  company  until  his  death. 

Mr.  Hess  was  very  active  in  the  early  standardization 
work  of  the  Society  that  has  become  of  such  importance  to 
the  industry  at  large.  He  wTas  chairman  of  the  Gear-Tooth 
Shapes  and  the  Technical  Index  Divisions  from  1911  to 
1914  and  a  member  of  the  Ball  and  Roller  Bearings  Division 
from  1910  to  1913.  He  was  also  chairman  of  the  Pennsyl- 
vania Section  of  the  Society  from  1911  to  1913.  He  was 
a  member  of  the  American  Society  of  Mechanical  Engineers, 
serving  as  manager  from  1911  to  1914  and  as  vice-president 
from  1914  to  1916.  He  was  also  a  past-president  of  the 
Philadelphia  Engineers'  Club,  a  member  of  the  American 
Institute  of  Mining  Engineers,  the  American  Society  for 
Testing  Materials,  the  American  Iron  and  Steel  Institute, 
the  American  Electrochemical  Society,  the  American  Acad- 
emy of  Political  and  Social  Science,  the  Franklin  Institute, 
the  New  York  Engineers'  Club,  the  Art  Club  and  the 
Economics  Club. 

Mr.  Hess  is  survived  by  his  widow,  two  daughters  and  a 
son,  H.  Lawrence  Hess,  a  member  of  the  Society. 


TEST  APPARATUS  FOR  PROPELLER  MODELS 


SPECIAL  apparatus  of  interesting  design  has  been  de- 
vised by  S.  Albert  Reed,  New  York  City,  for  the  testing 
of  high-speed  propeller  models.  In  this  apparatus  an  electric 
motor  is  employed  to  drive  the  propeller-shaft  through  a 
set  of  gears  that  increases  the  motor  speed  four  times. 
This  gear  is  balanced,  that  is,  mounted  on  two  countershafts, 
an  arrangement  which  is  designed  to  relieve  the  shaft  of 
all  strains  except  that  of  torsion  inasmuch  as  the  shaft 
is  floating.  Instead  of  providing  for  thrust  play  by  a 
sliding  joint  in  the  shaft,  the  entire  propeller-shaft  with 
its  pinion  slides  to  and  fro  between  the  countershaft  gears, 
thus  doing  away  with  any  binding  due  to  the  fact  that  the 
gear  teeth  mesh  and  disengage  at  a  high  rate  of  speed. 

The  longitudinal  play  of  the  propeller-shaft  was  approxi- 
mately %  in.  and  the  shaft  has  a  collar  with  a  ball-bearing 
against  it  that  is  carried  by  hinged  lever,  the  free  end  of 


which  is  held  back  by  a  spring  scale  for  measuring  the 
thrust.  The  thrust  bearing  presented  some  novel  problems 
inasmuch  as  a  maximum  thrust  of  500  lb.  at  6000  r.p.m. 
must  be  provided  for,  which  is  considerably  in  excess  of  the 
usual  range  of  ball-bearing  practice.  This  problem  was 
solved  by  the  use  of  tandem  ball-bearings,  in  which  the 
speed  of  each  was  reduced  in  the  ratio  of  the  number  in 
tandem.  To  measure  the  torque  the  stress  on  the  counter- 
shafts transmitting  the  motion  from  the  motor  shaft  to  the 
propeller-shaft  was  utilized  by  an  extension  of  the  prin- 
ciple of  the  well-known  transmission  dynamometer.  The 
torque  of  the  frame  or  box  carrying  the  countershafts  has 
a  certain  fixed  ratio  to  the  speed  and  horsepower  being 
transmitted  at  any  minute  and  this  value  was  transmitted 
by  an  arm  to  a  spring  scale  that  gave  accurate  measure- 
ments. 


FACILITY  OF  ASSOCIATION 


THE  spirit  of  suspicion,  selfishness,  intolerance  and  con- 
troversy complicates  all  our  problems,  domestic  and  in- 
ternational. Racial  prejudices,  together  with  narrow  and 
mistaken  views  of  national  interests,  are  responsible  for 
wars.  We  wonder  at  industrial  disputes,  in  which  questions 
of  immediate  personal  interest  are  involved  and  where  the 
participants  are  often  lacking  in  education  and  breadth  of 
culture. 

The  truth  is  that  it  is  very  hard  for  people  to  get  along 
together  without  friction  and  antagonism.  Emerson  said 
thai  "facility  of  association"  is  the  measure  of  civilization, 
meaning  that  as  people  become  enlightened  and  broad-minded 
they  develop  the  ability  to  cooperate  in  higher  and  higher 
degree.  The  ability  to  work  together  harmoniously  and 
effectively  for  common  intex-ests  and  purposes  is  the  measure 


of  civilization  and  the  general  condition  of  social  progress. 

The  gains  of  society  in  the  last  100  years  have  been  accom- 
plished for  the  most  part  by  improvements  in  the  methods  of 
production,  by  the  use  of  power  and  machinery.  They  have 
been  accomplished  by  the  development  of  the  industrial  plant, 
and  the  industrial  plant  represents  the  earnings  and  savings 
and  profits  of  individuals.  If  the  profits  had  been  less,  the 
industrial  development  would  have  been  less,  and  the  evils 
of  scarcity  and  high  prices  would  have  been  greater  than  they 
are. 

In  the  10  years  from  1899  to  1909,  population  in  the  United 
States  increased  21  per  cent,  while  the  amount  of  capital 
invested  in  the  manufacturing  industries  increased  105  per 
cent,  and  the  amount  of  power  employed  in  these  industries 
increased  85  per  cent. — George  E.  Roberts. 
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ACTIVITIES  OF  THK  SECTIONS 


Secretaries  of  the  Sections 

Buffalo  Section      \    J.   Fitzgibbons,  L68  Claremon<   Avenue,  Buffalo 
Cleveland  Section     B.  w    Weaver,  B108  Euclid  Avenue,  Cleveland 
Dayton   Section— R.   B.  May.  Dayton  Engineering  Laboratories,  Dayton 
I 'i  rROIT  Ski tion— ThuiiKi-  J.  Litle,  Jr.,  733  Seyburn  Avenue,  Detroit 

Mrs.  B.  Brede,    Vssistant  Secretary,  1361    Book  Building,  Detroit 
Indiana  Se<  riON     B.  I  •'.  Kelly,  Weidely  Motors  Co.,  Indianapolis 
Mi  ntopouTAN  Section — R.  E.  Plimpton,  129  East  45th  Street,  New  York  City 
Mid-West  Ski  riON      11.  0.  K.  Meister,  Hyatt  Roller  Bearing  Co.,  2715  South   Michigan 

Avenue,  Chicago 
Minneapolis  Sei  pion     Phil  N.  Overman,  10  South  10th  Street,  Minneapolis 
NEW    EnGI  IND   SECTION— V.   A.   Nielsen,  Till    Beacon  Street.  Boston. 

Pennsylvania  Section— T.  F.  Cullen,  Chilton  Co.,  Market  and  49fch  streets  Phila- 
delphia 
W  ISHINGTON  SECTION— Benjamin  R.  Newcomb,  211  Victor  Building,  City  of  Washington 


THE   Sections  of  the   Society  closed  the  spring  season  of 
activitiy  with  their  May  meetings   in   most  cases.     One  or 
two  of  the  Sections  are  planning  summer  outings  of  a   social 
nature  but   in   general   they   will   hold   no   meetings  until  the 
fall.      The   new    Section   officers  took   up   the   reins   during  the 
month   and   will   be    responsible   for    the    programs    arranged 
for  the  next   Section  year.     The  interest   in  Section   meetings 
this   past  winter  has  been  gratifying,  but   it   is  the  ambition 
of  the  Council  and  the  Sections  Committee  to  encourage  even 
greater  activity  during  the  coming  year.     With  this  in  mind, 
Sections   luncheon   will    be  a   feature  of  the   White 
Sulphur    Springs    Meeting.      Representatives   of   all    of   the 
rill  meel  with  the  Councilors  and  the  Sections  Com- 
mittee to  discuss  ways  and  means  of  attaining  maximum  in- 
t   in  Section   meetings  and  planning  them  to  render  the 
service  to  the  industry  on  engineering  problems  that 
are  urgent.      Several   of   the   members   who   have   been   espe- 
cially active  and  successful  in  the  administration  of  Sections 
i  9  will  address  the  luncheon  and  relate  their  experiences 
for  the  benefit  of  the  new  Section  officers. 

New  Section  Officers 

The  result  of  the  election  of  new  officers  was  announced 
by  all  of  the  Sections  at  their  May  meetings  except  in  the 
case  of  the  Pennsylvania  Section.  Study  of  the  following 
list  convinces   one   that   consider  was  taken  by  the 

respective    nominating   committees    in    the    making   of    selec- 
and     forecasts    an    active1     year    among    the     Section 
members. 

BUFFALO   SECTION 
E.  O.  Spillman  Chairman 

I      \.  Criqui  Vice-Chairman 

Otto  M.  Burkhardt  Treasurer 

\-  J.  Fitzgibbins  Secretary 

CLEVELAND  SECTION 


INDIANA   SECTION 


O.  A.  Parker 

I;.  J.  Nightingale 
II.  E.  Figgie 
B.  W.  Weaver 


DAYTON    SECTION 


J.  H.  Hunt 
Meander  Hourwich 
Robert  F.  McCann 
R.  B.   May 


George  E.  Goddard 
K.  K.  Hoagg 

Charles  S.  Whitney 
Thomas  J.  Lftll 


DETROIT   SECTION 


Chairman 

Vice-Chairman 

Treasurer 

Secretary 

i  'hairman 
1  hairman 
Treasurer 
Secretary 

Chairman 
Vice-Chairman 
Tre.i 
Secretary 


0.  C.  Berry 
Lon  R.  Smith 
Mark   A.   Smith 
B.  F.  Kelly 


METROPOLITAN    SECTION 


W.  E.  Kemp 
H.  W.  Slauson 
W.  P.  Kennedy 
R.  F.  Plimpton 


MID-WEST  SECTION 


Taliaferro  Milton 
Benjamin  S.  Pfeiffer 
Nelson  B.   Nelson 
H.  0.  K.  Meister 


MINNEAPOLIS    SECTION 


A.  H.  Bates 
Victor  Gauvreau 
J.  S.  Clapper 
Phil  Overman 

NEW  ENGLAND  SECTION 
11.  E.  Morton 
H.  F.  Peavey 
L.  B.  F.  Raycroft 
V.  A.  Nielsen 

WASHINGTON   SECTION 
Col.  F.   H.  Pope 
Chester  H.  Warrington 
Conrad  H.  Young 
Benj.  H.  Newcomb 


Chairman 

Vice-Chairman 

Treasurer 

Secretary 

(  hairman 

Vice-Chairman 

Treasurer 

Secretary 

Chairman 

Vice-Chairman 

Treasurer 

Secretary 

Chairman 
Vice-Chairman 

Treasurer 
Secretary 

Chairman 

Vice-Chairman 

Treasurer 

Secretary 

Chairman 

Vice-Chairman 

Treasurer 

Secretary 


Inter-Section  Athletics 

One  of  the  features  of  the  sports  program  at  the  White 
Sulphur  Springs  Meeting  will  be  the  athletic  struggle  to 
determine  which  Section  will  be  the  Sports  Champion  of 
1  S>22.  At  Summer  Meetings  of  the  past,  only  two  or  three 
i  Section  events  have  been  arranged.  The  plan  this  year 
calls  for  the  crediting  of  points  to  the  Section  represented 
by  the  winners,  seconds  and  thirds  in  all  of  the  numerous 
events.  At  the  conclusion  of  the  sports  program  an  appro- 
priate cup  will  be  awarded  to  the  Section  that  boasts  the 
greatest  total  of  points.  The  battle  for  supremacy  and  the 
good  natmed  rivalry  between  Sections  will  create  an  atmos- 
phere not  unlike  that  of  the  inter-collegiate  athletic  meets 
of  our  younger  days.  The  baseball  cup  emblematic  of  the 
Section  Championship  will  be  contested  between  Section 
teams;  Section  running  and  swimming  relay  races  are  sched- 
uled ;  and  even  the  points  scored  by  the  ladies  will  be  officially 
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recognized  in  the  totals.  Reports  reaching  the  Society  of- 
fices tell  of  committees  that  are  busily  organizing  ball  clubs 
and  influencing  golf,  tennis  and  sprint  stars  to  present  them- 
selves for  action  at  White  Sulphur  Springs. 

Section  Stunts 

A  Summer  Meeting  would  not  be  complete  without  the 
famous  Section  Stunts.  Some  of  the  brightest  moments  of 
the  entertainment  are  to  be  provided  by  the  near-actors,  vir- 
tuosos or  circus  ringmasters  who  represent  one  of  the  local 
organizations  of  the  Society.  Surprises  are  being  prepared 
for  the  June  meeting  and,  of  course,  a  dense  cloud  of  secrecy 
has  been  thrown  about  the  plans.  The  Mid-West  Booster, 
official  organ  of  the  Chicago  lads,  carries  in  part  the  follow- 
ing for  May,  which  we  cannot  refrain  from  reprinting. 

Here  are  some  ideas: 

(1)  That  all  of  us  go  to  White  Sulphur  without  shoes 
or  socks.  Have  all  the  rest  of  the  clothes  and  be 
regular  in  every  way;  except  go  barefoot.  This 
would  attract  some  attention 

(2)  That  all  of  us  who  go,  whenever  we  are  in  the 
presence  of  people  not  members  of  the  Mid- West 
Section,  act  like  deaf-and-dummies  and  pretend 
only  to  be  able  to  talk  with  our  hands.  This  will 
save  us  lots  of  useless  conversation  with  Eastern 
reubens.  We  can  learn  the  finger  language  on  the 
way  down,  which  will  leave  us  no  time  for  ruinous 
games  of  chance 

(3)  That  all  of  us  grow  a  full  beard  and  mustaches 
and  every  fellow  call  every  other  fellow  in  our  party 
"Doc"  and  we  will  all  wear  green  spectacles.  These 
whiskers  will  give  us  some  publicity  and  will  add 
great  dignity  to  our  Section  in  the  eyes  of  the 
Bostonese 

(4)  That  every  single  one  of  us  equip  himself  with 
working  drawings  and  talking  specifications  of 
some  great  invention,  only  they  won't  be  great  in- 
ventions, only  we  will  all  pretend  to  believe  in 
every  one  of  them  and  talk  publicly  and  privately 
about  them  every  chance  we  get.  One  fellow  can 
have  a  scheme  for  a  rain-water  substitute  for  gaso- 
line; another  can  have  a  seven-cylinder  engine,  the 
extra  cylinder  being  turned  on  when  climbing  a 
hill ;  another  can  have  a  rubber  substitute  made 
from  the  refuse  of  Italy's  macaroni  factories,  and 
so  on 

If  this  is  an  indication  of  what  may  be  expected  from  the 
Windy  City,  the  other  Sections  will  surely  be  put  to  shame. 

Section  Pullmans 

The  Cleveland,  Detroit,  Mid-West,  Metropolitan  and  Penn- 
sylvania Sections  have  all  arranged  to  have  special  Pullman 
cars  transport  their  members  to  the  Summer  Meeting.  The 
Dayton  Section  members  can  be  accommodated  on  either  the 
Detroit  or  Cleveland  cars.  The  Indiana  members  can  make 
reservations  through  the  Mid-West  Section  on  their  cars. 
The  New  England  and  the  Washington  Sections  members 
can  make  reservations  on  the  Eastern  special  train  with  the 
Metropolitan  and  the  Pennsylvania  Sections.  The  Section 
Secretaries  have  complete  information  on  all  of  these  special 
Pullmans.  Consult  the  one  nearest  you  and  travel  to  White 
Sulphur  Springs  with  your  friends  in  the  Society. 

Mid-West  Section 

The  new  officers  of  the  Mid-West  Section  devoted  the  meet- 
ing on  May  12  to  a  social  gathering  for  the  purpose  of  dis- 
cussing plans  for  the  fall.  Chairman  Milton  expressed  a 
desire  to  schedule  papers  having  the  greatest  general  in- 
terest.    Many  good  suggestions  were  offered. 

Metropolitan  Section 

The  Metropolitan  Section's  trip  to  New  Haven  via  railway 
motor-cars  on  the  occasion  of  its  April  Meeting  aroused  a 
surprising  amount  of  interest.     As  a  consequence,  the  Sec- 


tion officers  decided  to  make  Motor  Cars  on  Rails  the  sub- 
ject of  discussion  at  the  meeting  on  May  25.  The  meeting 
was  opened  with  papers  on  motor  rail-cars  by  Roy  V.  Wright 
and  W.  L.  Bean.  Following  these,  there  was  an  active  dis- 
cussion of  the  engineering  problems  involved  in  the  design, 
construction  and  operation  of  this  type  of  automotive 
vehicles.  The  meeting  was  preceded  by  a  well  attended 
dinner. 

Minneapolis  Section 

The  Minneapolis  Section  held  an  informal  meeting  of  a 
social  character  on  the  evening  of  May  3  at  the  Manufac- 
turers Club.  The  annual  reports  of  officers  and  committees 
were  read  and  officers  elected  for  the  next  Section  year. 
L.  A.  Emerson  was  selected  to  represent  the  Section  on  the 
Society  Nominating  Committee  at  White  Sulphur  Springs. 

Pennsylvania  Section 

The  members  of  the  Pennsylvania  Section  held  a  very  en- 
joyable outing  at  the  Torresdale  Golf  Club  on  May  26.  Sev- 
eral heated  golf  and  tennis  contests  were  staged,  the  ladies 
being  present  to  enjoy  the  fun.  A  palatable  dinner  was 
served  after  the  athletic  diversions  in  the  afternoon. 

Indiana  Section 

President  Bachman  and  several  members  of  the  Council 
were  guests  of  the  Indiana  Section  at  its  dinner  and  social 
meeting  on  May  8.  Mark  A.  Smith  was  elected  representa- 
tive on  the  Society  Nominating  Committee  and  W.  G.  Wall 
was  selected  as  alternate.  Short  talks  were  given  by  Presi- 
dent Bachman,  Past-President  Beecroft  and  others. 

Washington  Section 

The  Washington  Section  held  a  meeting  on  the  evening  of 
May  5  in  the  lecture  hall  of  the  Cosmos  Club.  Dr.  Harvey 
Wiley  was  the  speaker  and  chose  as  his  topic  the  Metric 
System  and  its  Practical  Use.  In  view  of  present  agitation 
in  some  circles  to  have  the  metric  units  declared  by  the  Con- 
gress the  national  standard,  Dr.  Wiley's  talk  resulted  in  an 
active  general  discussion  in  which  he  was  called  upon  to 
answer  numerous  questions.  A  buffet  supper  was  provided 
for  the  members  after  the  meeting  adjourned. 

Cleveland  Section 

Dr.  H.  C.  Dickinson  addressed  the  Cleveland  Section  mem- 
bers at  their  meeting  on  May  19,  having  as  a  topic  the  work 
being  done  by  the  Research  Department  of  the  Society.  He 
explained  some  of  the  advantages  of  cooperative  research  on 
specific  problems  and  indicated  the  scope  of  the  Society's 
activity  in  this  field.  William  T.  Burns  presented  a  paper 
on  power  losses  in  bearings  which  included  valuable  tabu- 
lated data.  The  meeting  was  held  in  the  Hotel  Winton  and 
was  preceded  by  an   informal   dinner. 

New  England  Section 

In  addition  to  the  election  of  Section  officers,  the  New  Eng- 
land Section  elected  its  representatives  on  the  Society 
Nominating  Committee  at  the  meeting  on  May  11.  L.  W. 
Rosenthal  was  selected  as  member  and  Prof.  E.  P.  Warner 
was  chosen  as  alternate.  After  enjoying  an  informal  dinner, 
the  Section  heard  an  extremely  interesting  paper  on  the 
Making  of  Automobile  Tires  which  was  presented  by  W.  W. 
Duncan.  Mr.  Duncan  illustrated  his  paper  with  slides  and 
gave  a  very  clear  description  of  the  successive  operations 
followed  in  building  a   pneumatic  tire. 

Detroit  Section 

The  Detroit  Section  devoted  its  meeting  on  May  19  to 
papers  on  related  subjects,  Methods  of  Producing  Cylinder- 
Wall  Surfaces,  and  Light-Weight  Pistons.  A.  J.  Baker  dis- 
cussed present-day  methods  of  machining  cylinder-bores  and 
H.  B.  Carlson  made  remarks  on  cylinder  lapping.  John  A. 
Gann  read  a  paper  on  light-weight  pistons  cast  from  special 
alloys,  and  E.  Planche  presented  the  results  of  tests  he  had 
made  with  cars  whose  engines  were  equipped  with  alloy 
pistons  of  this  type.  The  meeting  was  very  well  attended 
and  was  preceded  by  a  buffet  supper. 
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Applicants 

for 

Membership 


for  membership  n    Lpi  ii   1 5 

,   1921,  are  given  below      The  members  of  the 

■    urged  to  send  any   pertinent   Information  with 

t  to  those  listed   which  the  Council  should  have   for 

prioi  eleel  Ion.     li   Is  requested   that 

■  ununications  from  t'<-  sent   promptly. 


Kenneth   B.,  student,  California  Institute  "f  Technology, 

.,  Tom  a  8  T..  38 li  ind   Boulevard,  <  Vi  i  < .  ■ 

Orrin   Hatv  •  nt.  California  Institute  of  Technol- 

Pasadi  na,  Cal. 

Beegle,  F.  X..  president.  Union  Drawn  Steel  Co.,  Beaver  Falls,  Pa. 

Bell.    Stanley    A.,    student,    California     institute    of    Technology. 
Pasadt  ri<i.  Cal. 

i  B,  Charles  Jonathan,    student,    California   Institute   of  Tech- 
nology. PoMdi  mi.  Cnl. 

rt.v.    LOBSN    E.,    student,    California    Institute    of    Technology, 
Ptuadi  ii".  Col 

Bowl  i'    student,  Ohio  State   U  Columbus,  Ohio. 

Howard   S..   metallurgist,   Ingi  i    Co.,    PMIMjm- 

bwrg,   v    ' 

Bramuct.    N     F  .    president   and  manager,   Templar   Motors 

land. 

Brbakey.    Edwin   T.,   factory  superintendent,   Columbia   Carbureter 

oul  draftsman,  Yellow  Cab  Mfg.  Co..  Chicago. 

Brosseau.   A.  J.,  president.   Mack  Trucks,  Inc.,   25  Broadway,  New 
York  City. 

ner.  ALEXANDER,  proprietor,  A.  Brunner  .<:  Son.  Newark,  X.  J. 

Bitell.  Roy  I>.  president,  Buell  Mfg.  Co.,  Chicago. 

Cowan.   William    Arthvr,   assistant   chief   chemist.    National    Lead 
Co.,  Veil   York  City. 

Creamer.  Ciiari.es  Pell,  student,  Ohio  State  University,  Columbus, 
Ohio. 

db  BaBJUN,   Henry,  engineer  designer,  Sociedad   Automovlles  Argus 
Madrid,  Spam, 

Da  Melt...  Vincent  Marion,  student,  Ohio  State  University,  Colum- 
bus, Ohio. 

Dsmory.  A.  R.,  president.  Timken-Detroit  Axle  Co.,  Detroit. 

Dick.  James  B.,  production  engineer.  D'Arcj   Spring  Co.,  ffalamasoo, 
.l/i.  *. 

Doty.  E.  M..  mechanical  engineer,   Di  nbj    Motor  Truck  Co..  Detroit. 

Dropinski,    Adolph,    student,     Armour     Institute     of    Technology, 
Chicago. 

Deter.   Jam  Ice-president,    James   Cunningham    Son   &    Co., 

Roch,  st<  r,   X     Y. 

t.  V     II     Meter,  founder,  put. Usher  and  sole  owner.  Oriental 
Motor,  Shanghai,  China. 

Edmunds.    George    E.,    president,    Edmunds    &    Jones    Corporation, 
Detroit. 

Fetherston.  W.  L..  manager  of  trade  division.  Robert  Bosch  Mag- 
neto Co.. 

Fitzgerald.     EDWARD    William,     inspector    of    tanks    and    tractors, 
Ordnance  Department.  Camp  Meade,  Md, 

Flotd,  Robert  K.  general  manager,  F    H.  Floyd,  Detroit. 

PotBJON,   Kmil.   mechanical   engineer,   Victor   Page   Motors  Corpo- 
ration. New  York  City. 


Fiimm.   Max,   Student,   Armour   Institute  of  Technology,  Chicago. 
GIBSON,  ALFRED   l:  .   lild   Walnut    Street.  Montclair,  X.  J. 

kJUBXANDKR,    student.    Armour    Institute    of    Technology, 

rh  ■ 

Gommel,  D.  i: .  chief  engineer,  Monroe  Automobile  Co.,  fndtonapolto. 
GRANNINO,  M     I.,  instruct.. r.  nregon  Agricultural  College,  Corvallis, 

Griffith,    Edward    u\,    factory   representative,  Forsyth   Bros.   Co., 
Harm  y.  ill. 

Hatch,    Dorrill    K.    technical    sales,    Gurney    Ball    Bearing    Co., 
Jamestown,  N,   Y. 

Herbert,    W,    H..   general   sales  manager,   Denby   Motor  Truck  Co., 
/'.  troit. 

■  v.  Karl  O...  student,  Lewis  Institute,  Chicago. 

\.\t.  William  BarRT    U  ii;.  i  B,  SI  Qlor  draftsman,  Durant  Motors, 
Inc..  Long  Island  City,  X.  Y. 

Hoffman,   Robert  J.,  works  manager,   Prest-O-LIte  Co.,   Inc.,  iVcto 
Fori   l 

Hohnke,   John    ii..   Mud.  ut,    Michigan   Agricultural   College,   JSast 
Lansing,  Mich, 

M        ik.  H.  A.,  president,  it.  &  V.  Motor  Co.,  Baal    u,,i,„,-,  III. 

HOSLET,    Lorino    F..   chief  engineer,   Kelly-Springfield   Motor   Truck 
Co.,  Bprlngfli  hi.  Ohio. 

BRYAN,  designer.  Maxwell  Motor  Co.,  Inc.,  Detroit. 

Hi  i  litter,  H.  A.,  research  assistant,  Purdue  University,  Lafayette, 

Hult,  Albert  i: .  assistant  general  manager,  Detroit  Motorbus  Co, 
D<  troit. 

Knerr,   Horace  C,  metallurgist,  Navy  Yard,  Philadelphia. 

Knight,  Ralph  B  .  superintendent  of  inspection,  North  East  Electric 
Co.,  Rochesti  r,  x.  y. 

Kohr,  Roland  Meredith,  student,  Ohio  State  University,  Columbus 
Ohio 

Ivjnz.    Emil  W.,  mechanical   draftsman,   Rock  Island  Arsenal,  Rock 
Island.  III. 

Lawson,   Carl,  inspector,  J.  M.   Horton   Ice  Cream  Co.,   New  York 

cih/. 

McDonnell.  Edward  O..  vice-president  and  general  manager,  Kelly- 
Springfleld  Motor  Track  Co.,  Springfield,  Ohio. 

Ma.  I  oil'.   D.   M.,  chief  engineer,  A.  J.  Detlaff  Co..  Detroit. 

Maodsickt,  II    H..  engineering  department.  National  Lamp  Works  of 
General  Electric  Co.,  A'ela  Park,  Cleveland. 

Marsh,    Hallan    N.,    student,    California    Institute    of    Technology, 
Pasadena,  Cal. 

Marston.    R.    E.,    executive    engineer,    Selden    Truck    Corporation 
Rochester,  A'.  Y. 

Mkai.er.  Glenn  S.,  student.  University  of  Minnesota,  Minneapolis. 

Miki.  Kichiiiei,  Frazar  &  Co.,  30  Church  Street.  New  York  City. 

Miller.    H.    S.,   general    manager,    Plowman   Tractor   Co.,    Waterloo 
Iowa. 

Morton.  Allen  W'mi.ki:.  chief  engineer,  American  Hammered  Piston- 
Ring  Co.,  JJaltimore. 

Morris,    Victor   Ross,    student,    Ohio    State    University,    Columbus 

ohm. 

Parish  &  Bingham  Corporation.  Cleveland.    (Affiliate  Membership  | 

Parrott.  R.   B.,  secretary  and  treasurer,  Service  Products  Corpora- 
tion. Indianapolis. 

Pettebone.    Orlando   R.,   draftsman.    C.   L.   Best  Tractor  Co.     San 
Leandro,  Cal. 

Philip.   Charles  W.,  chief  engineer,   Philip   Motor  Co.,   San  Fran- 

Preston.   Norman   A.,   used   car  mechanical    superintendent,   Detroit 
Cadillac  Motor  Car  Co.,  New  York  City. 

Radner,  Samuel,  student,  Armour  Institute  of  Technology,  Chicago. 

Randolph.  Charles  L.  W.,  student,  Lewis  Institute,  Chicago. 

Reeves,    Hubert    A.,    student,    California    Institute    of    Technology 
Pasadena,  Cal. 

iiblb,  Howard  Carl,  student,  Stevens  Institute  of  Technology 

Unhid,  ■  ii.   X.   ./. 

i      Dbtwbi    Charles,   student,   California  Institute  of  Tech- 
nology, Pasadena,  Cal, 

Root.  Ralph  C,  engineer  and  sales  manager,  Service  Products  Cor- 
poration. Indianapolis. 
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Schenck.    R.    B.,    metallurgical   engineer,    Buick   Motor    Co.,   Flint, 
Mich. 

Schneider,   Harold   P.,   student,   Ohio   State  University,   Columbus, 
Ohio. 

Schneider,  Waerex  Arthur,  student,  California  Institute  of  Tech- 
nology, Pasadena,  Cal. 

Sebbes.  Louis   H.,  advertising  copy   writer,   Automotive  Industries, 
Chicago. 

Sherrard,  Joe  O.,  student,  Ohio  State  University,   Columbus,  Ohio. 

Skriba,  Louis  S.,  student.  Armour  Institute  of  Technology,  Chicago. 

Small,  F.  M..  president,  Martin-Parry  Corporation,  York,  Pa. 

Smhllie.  Edwin  Frost,  student,  University  of  Michigan,  Ann  Arbor, 
Mich. 

Sower,  George  W.,  student,  Ohio  State  University,  Columbus,  Ohio. 

Steiner,  Felix  P.,   assistant  tool   designer,   Detroit  Cadillac  Motor 
Car  Co.,  New  York  City. 

Stettinius,  W.  C,  sales  manager,  American  Hammered  Piston-Ring 
Co.,  Baltimore. 

Stevenson,  Horace  N.,  foreman,  Mercer  Motors,  Trenton,  N.  J. 

Stroh,  Edwin  R,  vice-president,  Stroh  Casting  Co.,  Detroit. 

Tetens.   Raymond   E.,   assistant  chief   engineer,   Earl  Motors,   Inc., 
Jackson,  Mich. 

Thompson,  Chester  A.,  general  manager,  Tire  &  Rim  Association, 
Cleveland. 

Trautman,  Harry  A.,  foreman,  Steel  Products  Co.,  Cleveland. 

Vaughan.    Samuel   E.,   student,   Leland    Stanford,   Jr.,   University, 
Stanford  University,  Cal. 

Verplank.  A.  J.,  student,  Armour  Institute  of  Technology,  Chicago. 

Vickers,  'William  Harry,  student,  Armour  Institute  of  Technology, 
Chicago. 

Voorhees,  R  C,  testing  engineer,  R  F.  D.  No.  3.  Ypsilanti,  Mich. 

Walworth.   Richard  H..  student.  Armour  Institute  of  Technology. 
Chicago. 

Wickel.    Ralph    O.,    student,    Armour    Institute    of    Technology, 
Chicago. 

Wilson,    Edward   A.,    student,   California   Institute   of   Technology, 
Pasadena,  Cal. 

Woolson.  Harry  Thurber,  engineer,  Zeder  Motor  Car  Co.,  Newark, 
N.  J. 

Wyzalek,  John  F.,   metallurgist,   Hyatt  bearings  division.  General 
Motors  Corporation,  Harrison,  N.  J. 


Applicants 
Qualified 


The  following  applicants  have  qualified  for  admission  to 
the  Society  between  April  10  and  May  10,  1922.  The 
various  grades  of  membership  are  indicated  by  (M)  Mem- 
ber; (A)  Associate  Member;  (J)  Junior;  (Aft)  Affiliate; 
(S  M)  Service  Member;  (F  M)  Foreign  Member;  (E  S) 
Enrolled  Student. 


Bacon.  Elbridge  F.  (E  S)  student.  University  of  Michigan,  Ann 
Arbor,  Mich.,  (mail)   1038  East  Huron  Avenue. 

Caldwell,  Jesse  Thomas  (A)  commercial  engineer.  National  Lamp 
Works  of  General  Electric  Co.,  Nela  Park,  Cleveland, 

DeFrance.  Smith  J.  (E  S)  student,  University  of  Michigan,  Ann 
Arbor,   Mich.,    (mail)    27   Lansing  Avenue,   Battle  Creek,  Mich. 

Dun,  Fay  A.  (J)  instructor  in  mechanical  engineering  department, 
Ohio  State  University,  Columbus,  Ohio. 

Ellison.  Luke  V.  (J)  automotive  service,  Ellison  Service,  222 
North  Main  Street,  South  Deerfield,  Mass. 

Foltz.  Harold  H.  (A)  president  and  general  manager,  Foltz  Truck 
Service  Co.,   78   North  Summit  Street,  Akron,  Ohio. 

Kepler,  Arthur  R  (A)  sales  engineer.  Stewart-Warner  Speedo- 
meter Corporation,  Chicago,  (mail)  2309  Chester  Avenue, 
Cleveland. 

Stevens,  S.  B.   (M)  Borne,  N.  Y. 

Sykes.  George  (A)  general  manager,  Van  Blerck  Motor  Co.,  Mon- 
roe, Mich. 

Tilden.  Merrill  W.  (A)  president,  Falls  Motors  Corporation.  She- 
boygan Falls,  Wis.,  (mail)  163  West  Washington  Street, 
Chicago. 

Tuttle.  J.  H  (M)  chief  engineer.  Westcott  Motor  Car  Co.,  Sprmg- 
field,  Ohio,  (mail)   1003  Garfield  Avenue. 

Urban,  William  C.  (A)  chief  engineer,  Hoyt  Metal  Co.,  Granit* 
City,  III,  (mail)    2247  B  Street. 
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Boiling  points  and  specific  gravity  188 

Cracking  188 

Mixers  82 

Gating,    adequate   for  castings  54 

Gearset  experiments  194 


Characteristics 
Difference    in    fuels 
Forms  of 

Ikert,  B  M,  on  Service-man's  Critical 
Estimates  of  Automotive  Engineer- 
ing 

Illumination  of  buses 

Impact  tests  of  tires 

Importance  of  export  trade 

Importance  of  piston-ring  fit 

Importance  of  versatility 

Improved   business   in   prospect 

Inaccessible  parts  necessitating  dis- 
mantling 


21 

19 

Ml 


263 
397 
214 
166 
510 
467 
152 


Iron  and  Steel  Division,  S  A  E 

Activities  294.    299 

Personnel                                           114.  291.   47S 

Report  at  annual  meeting  125 

Report   at  semi-annual  meeting  479 

Subject    assigned  291 

Iron,    oxygen    in  414 


Isolated     Electric     Lighting 
Division,  S  A  E 

Activities 
Personnel 


Plant 


294 
114,  291 


24 
419 
272 
425 
425 

212 

11 
291 
271 

415 

83 

172 

112 

97 
149 


99 


Jackson.  Walter,  on  Past,  Present 
and   Future   of   the    Motor-Omnibus 

200,  395 

Jitney   competition  201 

Jones,  G  Douglas',  on  the  Relation  op 
the  Tractor  to  the  Farm  Imple- 
ment 177 

Joy-riding  over  98 

K 

Kegerreis,  C  S.  on  Manifold  Vapori- 
zation and  Exhaust-Gas  Tempera- 
tures 171,  402 

Kettering,    C  F,   address  94 


Lack   of  improvement  in   railroad  221 

Landing-fields  25 

Law  of  supply  and  demand  116 
Lawrance.  C  L,  on  Air-Cooled  Engine 

Development                                          135,  405 

Legislation,  motor  bus  201 

Letter  ballot  on  adoption  of  standards  260 


Lighting  Division,  S  A  E 


69.  294 
114,   4S0 


Activities 

Personnel 

Report  at  annual   meeting 

Report   at   semi-annual   meeting 
Lines  of  necessary  research 
Listening  method   of  determining  deton 

ation  7 

Load,   friction    losses   due   to  198 

Losses,   friction,   due  to  load  198 


126 
480 
420 


267   Lubricants 


21 


Distribution   from  production  226 

Rural  and  urban  101 

Indicator  method  of  determining  detona- 
tion 7 


Characteristics  of  oil 

Differences  in  oiliness  of  different, 
shown  by  tests  37 

Incomplete  film  lubrication  and  the  oili- 
ness  of   lubricating  oils  36 

Oils  6 

Systems   in  engines  511 


V..1.  X 


.Fun,'.  1922 


No.  (5 


[NDEX  TO  VOLUME  X 


543 


Lubricants  Division,  S  A  E 


Activities 


t1ioma8.    jr,    on     molecular 
Movements    During    Combustion    in  ino 

«  ._      .   357    Number  and  value  of  fai 


114    191    533    MlDOLMT,  Thiimas,  Jk.  on  Spectroscopic 
annual    meeting    '  ■■>■'     Internal    c  0 

Lubrli  ■  ma 


n,  G  R,  on  Continuous  Die  Roll- 

43,   374 

2U5 


standards  exhibit  at 


Lubrication 


891 


Chassis 

ible   features  of  oll-frlctlon 

nplete   film   and  the  oiliness  of  lu- 

'(""fnd'fri,  31.   86  :    applications   from   the 

lm  consumer  Int,  clirome  17, 


31b 


89 


iking  methods 
.Mixers,    gasoline 
Moisture-content  of  wood 

ra  in  wood 
Molecular  movements  during  combustion 
In    closed    systems    (Thomas    MIdgley, 
Jr)  357 

lenum     steel     and     manufacturing 

311 


"  1 H     3  S3 

lu.     Officers,    s    A    i:.   for  1922 
A     E.  Oil  null) 

'  "I   grooving 
286    1  ill  pumping   (Gi  orgi     \    Round) 

892 

Oils 


85,  102 
5  1 3 
510 
509 


31   Molybdenum-steel  usage 
871 

Motorboat  Division,  S  A  E 


effect    in    the    complete-lllm 
Lug  attachments 

M 
Neil,  on  Relation  Between  pSHTISJS 

KICTION       AND        TRANSMISSION  i,,li       , 

193.  37:       Subjects  assigned 

MjiI  f  castings  57    -Motorboat   field 

Magneto   mountings  standardised  270    Motorbus  session  at  summer  meeting 

ble-lron     castings,     i>ertlnent     facts  Motorcycle  Division,  S  A  E,  personnel 

rlque  Touceda)  53    -Motor  fuel   from  coal 

Managers*  engineers  as  16 

Manifold    vaporization    and    exhaust-gas 
temperatures    (O    C    Berry    and    C    S 

rels)  171,    402 


47 


<  onsumption 

<  Jontrol 

nee'  ami  ring  mo- 
tion 


513 
518 


516 


294,    300,    437 

114 

508 

80 

4  4.". 
Ill 
414 


Manifolds 


Valorization  and  exhaust-gas  temper- 
am  ■  171,   402 
J  lot-spot  172 

Manly,  C  M,  on  Commercial-Body  Sup- 
ply and  Service  179 

Manufacture  and  application  of  automo- 

bile  varnishes  and  paints   (L  V  Pulsi-  ^    „„,,„.    yehi(.les 

Manufacture,   interchangeable  '  143 

ifacturlng  economy  151 

Marketing    grain  41 

i:    on    II    w  Are  We  to  Know 
When   Business  Has  Really  Turned 


Motor-Omnibuses 

Competition 
Bzpense 
Future   of 
Legislation 

land 
Present  of 
Rates  of  fare 

Motor-truck     transportation     session 
annual  meeting 


aks  and  breather  discharge   522 

tors  controlling   pumping  .111 

of  » 

Incomplete    Him    lubrication     and  the 

oiliness  of  lubricating  35 
Influence  of,  viscosity  and  effects  of  di- 
lution Ko, 
Lubricating  -  °i\ 
Lubricating  characteristics  '  21 
•  ■  "'"■'  "'  '  oniroiiing  pumping  512 
Pumping  (G  A  Roun.ll  509 
Shale  191 
Tests  of  consumption  514 
Uniform  testing-methods  5 
Optimism,  basis  of  icn 
Organization  by  farmers  17s 
Ovens    Improvements   in  annealing  68 

201  Over-dimensioned     and     over-compressed 
203        engines  ,atu  ZQ. 

202  Overhead     camshaft     passenger-car  en- 
201        gines    (P   M    Hoklt)  4oq 
201    Overland   motorbuses  %cn 
200    Oxygen  in  Iron  777 
202 


88 


Paint  protection  for  wood    (C  T  Myers)    348 


the   Corner? 

etliciency 

►ectlon    In    export   trade 
lical  standardization 


97 
308 
818 

64 
5 


M'  1  tings 


Annual,   S  A  E,  reviewed 

77 

Chicago  service 

163 

Council,    S  A    i: : 

11 

January, 

142 

March 

29] 

508 

Minneapolis  tractor 

167 

S  A  E  Council : 

December.    1921 

11 

January.   1922 

142 

March 

291 

May- 

608 

Standards  committee 

121 

Summer,   annourx.  ,1 

211, 

229.   345 

Tentative   schedule  of 

division 

292 

Advantages    of   standardized    bodies       184    Paints 
mg     of     storage-bat- 
teries 

Bodies   built   to   specification 

British   standardization 

Chassis   builder   constructing   bodies 

Chassis  lubrication 

Commercial-body   supply  and   service 

Custom-built  bodies 

characteristics     of     some 
ided   fuels 

1  irivers  a  nd  mechanics 

Economic  efficiency 

Economics   of   transport 

Efficiency 

Future  of  omnibus 

Illumination   of  buses 

Jitney   competition 

•  f  necessary  research  for  trans- 
port 420 

Metal    bodies  184 

Municipal   operation   of  buses   in   New 


499 

1V> 

112 
17 '.1 
397 
1711 
181 

451 
4^7 
418 
415 
420 
202 
897 


Artificial-heat   drying 

Basic  materials   in   automobile 

Care   of  automobile   finish 

Drying    and    surfacing    automobiles 

Engineering  systems  of  application  of 

automobile 
Manufacture    ami    application   of   auto- 
mobile   varnishes   and  12 
Materials   in  ' 
Methods   of   application   of   automobile     14 
Protection  for  wood  •jjb 
Protectiveness                                                  349 


391 
13 
15 

15 

13 

388 
12 


201    Parts  and  Fittings  Division,  S  A  E 


398 
198 
201 
39S 
201 


*<«?!t488    m71'    295'    433'    434,    436'    436' 
Personnel  '  115,   433,   434,   484    508 

Keport  at  annual   meeting  127 

Report   at  semi-annual   meeting  484 

Subjects    assigned  503 


City 

Noise  measurements 

Omnibus  legislation 

Operating  costs  of  buses 

Overland   omnibus 

Past,  present  and  future  of  the  motor- 
omnibus  200    39",   '  assenger-Car  Body  Division.  S  A  E 

Pneumatic   tires  426 

Present  of  omnibus  200 

Special   features  of  bus  chassis  design  398 

Standardization  of  commercial  cars 
and   trucks  186 

Standardized   sectional   bodies  182^ 

*8«    Mu^ng^e  VpS  X\\    *-^r-car  brakes   (J  Edward  Schlp 

Municipal    operation    of    buses    in    New  273,   376 

City  398 

Myers.   C   T,   on   Paint   Protection  for  d  „        „.    .   . 

Wood  348    I'asscngcr-Car  Division,  S  A  E 


84 


Activities                                      69,   72,  295,   437 

Personnel                                           115  gQg    532 

Report  at   annual   meeting  '  127 

Report  at  semi-annual   meeting  532 

Subject  assigned  593 

jrer-car  brakes    j.T  PjIwqi.^    DnM«_ 
per) 


N 


Activities 
Personnel 


298,    435 

115,    291 

nger-car    engines,     overhead    cam- 


shaft 


Meetings  Committee 

S  A  E.  personnel 
Report   at   annual   meeting 
•  rshlp.   Increase  of 

Membership   Committee,   S  A    E 

Personnel  14?    „T 

Report    at   annual   meeting                           84  ?;CBN''            '    0N    Drop-f°R<»no    Prac- 

Membershlp  roster,   distribution                    109  New  system  of  spring-suspension  for^ul  3" 

srshlp   roster   to   be   maintained   In  tomotlve   vehicles    (H   M   Crane)              463 

;iJrb0?,™                                                            269  Noise   measurements                                            198 
>d  of  controlling  oil-pumping,  novel    512 

Tot  Geor^Wfialfe*"   enslneS  457  Nomenclature  Division,  S  A  E 

Methods  of  tinning                                            237  Activities                                                 294    417    d 

Methods  of  measuring  detonation  In  en-  Personnel                                        114    201    Vnn    Pa8seneer  comfort   in  airplanes 

tines    (Thomas    Mldgley.   Jr.    and   T   A  Past'    Present   and    future   of   the   motor- 

Boyd)                                                           7     374  omnibus    (Walter   Jackson)              200,    395 

Methods  of  road  construction                          425  Non-Ferroua  MetnU   TU.^^in-     e    A     c           Jattern   design   of  castings                                 54 

J''';;'<ls  of  testing  oil  consumption             514  nonterroU8  Metals  Division,  S  A   E          Personnel  of   1922  Standards  Committee  113 

Middle  West                                                        176  Activities                                                          291;    Pertlnent     facts     concerning    malleable- 

Mipgley,    Thomas.    Jr,    on    Detonation  -nnel                                        iik    401    %n«   „  'TOTi  castings    (Enrique  Touceda)       53.   375 

Characteristics     of     Some     Blended  Report    at   annual   meeting             '            126    p,ptr°>eum.   available  supply                          187 

451  Report   at    semi-annual    meeting              481    phofsPhorus   an<*   sulphur  In    steel,   effect 
^nTne^el?  IN— "COMBUSTfON  ^    P^gjghjc    -cor, ,, :„ |e of    engine   data  * 


Passenger-Car  Session 

Annual  meeting 
Summer    meeting 


489 


93 

446 

27 


MrnoLEY.   Thomas.    Jr,   on    Methods   of 
measuring  Detonation  in  Engines  7.  374 


851 
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544 


Physical  Characteristics 

Castings  59 

44 

Pistons  264 

Piston-ring  514 

Piston-ring  and  cylinder  contact  effects  al7 

Piston  Rings 

Cylinder  contact  effects  517 

Effect  of  oil-return  holes  515 

Effects  of  side-clearance  and  motion  516 

Importance  of  fit  510 

Oil  grooving  610 

Thin  516 


Pistons 

Experiments  319 

Slipper  aluminum  331 

Pneumatic    tires  426 

Pneumatic  truck  tire  -14 

Position  of  foot-rest,  steering-wheel   and 

controls  }i§ 

Position   of  United   States  166 

Post-armistice  business  149 


Power 

Influence    of    compression-ratio    on  326 

Influence    of   cylinder    temperature    on 

output  .  3-7 

Possible  effects   of  water   injection   on 

engine  economy  and  -90 


Power  Output 

Effect  of  compression  ratio   on 
Effect  of  spark-plug   position   on 

Poiverplant 

Aircraft,  refinement 

Requirements     in    airplanes 
Pressure  in  the  flame-front 
Prices,   freight  rates  and  coal 

Production 

Agricultural 

British  ferrous-metal 

Distribution  of  income  from 

Organization 

Part-capacity,    of    automobiles 

Progress  in  aviation 

Progress   in  cooling    engines 

Propeller-shaft    brakes 

Propellers,   test   apparatus    for   models 

Protected  types  of  brakes 

Protectiveness   of    paint 

Publication  Committee,  S  A  E,  personnel 

Publications  of  interest  to  S  A  E  mem- 
bers '-^ 

Pulsifer,  L  V,  on  Manufacture  and 
Application  of  Automobile  Var- 
nishes  and   Paints  12, 

Purchasing  agent,  foundry  policy  and 


243 
254 


206 

29 

359 

170 


52 

100 
226 
224 
98 
79 
140 
377 
534 
27S 
349 
142 


Reports 

Divisions  to  Standards  Committee  4  73 

Meetings  Committee,  S  A  E,  at  annual 
meeting  85 
Membership    Committee,    S    A   E,    at    an- 
nual meeting  S4 

Progress    at    semi-annual    meeting    on 

standards  475 

Sections  Committee,  S  A  E.  at  annual 

meeting                                                  85,  145 

Standards   Committee   Division  475 

Standards  Committee,  S  A  E,  report  at 

annual    meeting  77 

Treasurer's    at    annual    meeting  S5 

Requisite  conditions  today  150 

Research    information   service  111 

Research  Session 

Annual  meeting  90 

Summer  meeting  446 

Research  topics  and  suggestions  507 

Research 

Alcohol  for  motor  fuel  364 

Anti-knock  356 

Fuel  305 

Greater  recovery  of  oil  6 

Information  service 

Lines    of    necessary    for    motor    trans- 
port 
Paint   protection   for  wood 
Recent    work    on    the    internal-combus- 
tion engine    (H  R  Ricardo) 
Suggested    problems   for 
Research  Department,  S  A  E,  plans  out- 
lined 78 
Return    of    economic    balance    necessary  100 
Ricardo,     Harry     R,     on     Recent     Re- 
search Work  on  the  Internal-Com- 
bustion  Engine                                             305 
Rifle,    advantages   of   automatic,   firing        14  4 
Rivet-holding    ability    of    brake-linings        161 
Roads  24 


Safety   code,    abrasive   wheel  430 

Sales  territory,   selecting  151 

Saturation    point    and    fuel    famine  24 
Schipper,  J  Edward,  on  Passenger-car 

Brakes  273,    376 

Science  230 

Screw    sizes    and    lug    attachment  271 


Screiv  Threads  Division,  S  A   E 


Activities 

Personnel 

Report  at  annual   meeting 

Report  at  semi-annual  meeting 

Subjects  assigned 
Screws,    sizes 
Seat    width 


Sections,  S  A  E 


420 
350 


30'5 

290 


Roads  and  Highicays 

Determining   type 

Efficiency 

Engineering   and    transport  instruction 

Limitation   of  weight 

Methods  of  construction 

Transportation   as   it  affects   the   auto- 
motive  engineer 
Rolled    forging   blanks 
Roster  of  membership  to  be  maintained 

in  prior  form 
Round,  George  A.  on  Oil-Pumping 
Row-crop  cultivation 
Rural  and  urban   incomes 


430  S  A   E 


3S8 
55 


Quaintance,  R  S,  on  Harmony  in  Car 

Upholstery  131,   400 

Quamme.   E  G,  address  169 

Quenching  and  drawing  temperatures  of 
steel  48 


Radiator  Division,  S  A  E,  personnel 

lir,,    291.    508 
Railroad     accommodations     for    summer 

meeting  449 

Railroad    electrification  42 

Railroad  transportation  to  summer  meet- 

346,   44S 


Railroads 

Lack  of  improvement  221 

Reduced    fares    for    annual    meeting  93 

Rear-axle   spring-suspension  463 

Recent      aircraft      engine      developments 
(C  Fayette   Taylor)  204 

Recent    research    work   on    the    internal- 
combustion  engine   (Harry  R  Ricardo)  305 

Recovery    in    wheat-producing    territory     170 

Relation  between  fluid  friction  and  trans- 
mission   efficiency    (Neil    MacCoull) 

193,  372 

Relation   of  the  tractor   to  the  farm   im- 
plement   (G  D  Jones)  177 

Reports  of  Divisions  to  Standards  Com- 
mittee  475 


Activities  of  the  Sections 

72.   14.T.  223,  296.  431, 
Annual    meeting    reviewed 
Automotive  materials  session  at  annual 

meeting 
Body   engineering    session     at     annual 

meeting 
Carnival    at    annual    meeting 
Chicago    service    meeting 
Council  meetings  : 

December,   1921 

January,  1922 

March 

May 
Current   standardization  work    69.   224. 
Fuel     and     engine    session     at    annual 

meeting 
Fuel    and    engine    session    at    summer 

meeting 
Lubrication  session  at  annual  meeting 
Minneapolis    tractor    meeting 
Motor-truck    transportation    session    at 

annual    meeting 
Officers  for  1922  85. 

Passenger-car  session  at  annual  meet- 
ing 
Passenger-car  session  at  summer  meet- 
ing 
Reduced     railroad     fares     for     annual 

meeting 
Reports     of     divisions      to     Standards 

Committee 
Research   session   at   annual   meeting 
Research   session  at  summer  meeting 
Sections  activities 

72,  145,   223.   296.   431. 
Sections    officers 
Standards    committee    report 
Standards    exhibit   at   the   Minneapolis 

Tractor    Show 
Summer  meeting  announced    211,    229, 
Summer  meeting  program 


24 
419 


425 
425 


212 
45 


269 
509 

III 


:,:>,:, 


115: 


295 
524 
128 
524 
508 
271 
118 


Activities  72,   145.   223,   296,   431,   535 

Athletics  at  summer  meeting  535 

Xew   officers  535 


Sectioiis  Committee,  S  A   E 


142 

85,    145 


207 

151 

68 


91 

S6 

94 

163 

11 
142 
291 
50S 
433 

92 

446 

87 

167 


Personnel 

Report  at  annual   meeting 
Segregation   of   raw   stock 
Selecting  sales  territory 
Service 
Service-man's   critical    estimate   of  auto 

motive  engineering    (B  M  Ikert)  263 

Servo  principle   of  operation  285 

Severe-service    test   with    uncooled    drum   160 
Shale  oil  191 

Sighting,    simplified    methods    of  63 


Sights 

Design  of  bomb  dropping  63 
Drift  bomb  64 
Silent  chain  and  spur  gear  drives  491 
Single-engine  airplanes  26 
Slipper  aluminum  pistons  331 
Some  aspects  of  air-cooled  cylinder  de- 
sign and  development  (S  D  Heron)  231 
Some    notes     on    California    top     (P    W 

Steinbeck)  366 
Spark-plug,    effect   of   position  on   power 

output    and    fuel-consumption  254 
Special   trains  and  pullmans  for  summer 

meeting  449 

Specifications,  bodies  built  according  to  180 

Spectroscopes  219 

Spectroscopic    analysis  219 
Spectroscopic     investigation     of    internal 
combustion    (Thomas  Midgley,  Jr,   and 

W  K  Gilkey)                                          218,  3S3 

Spectroscopy  218 


Speed 

Estimation  of  ground  63 
Minimum  and  maximum  of  airplanes       470 

Spiral  bevel  gear  drive  on  engine  494 

Sports  events  at  summer  meeting  448 

Sports  program  at  summer  meeting  449 

Spring    suspension    and    steering  215 


Springs 

Crane  suspension  464 
Xew  system  of  suspension  for  auto- 
motive vehicles  463 
Rear-axle  suspension  463 
Suspension  and  steering  215 
Tire  reaction  465 


102 
93 

446 
93 

475 

9n 
446 

535 
535 


Springs  Division,  S  A  E 

Activities  295 
Personnel                                           115,  438,  532 

Report   at   semi-annual   meeting  532 

Subjects    assigned  438 

Standard   basic  machine   elements  271 

Standardization  450 


Standa  rdization 

Belt-speeds  271 

British    automotive    vehicle  142 

225        Commercial   cars  and  trucks  186 

345         Control    dimensions  120 

447        Current    work                        69,    224,  29S,    433 
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Magneto  mountings 
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182 


Standard* 

.  ii in.-  element*  271 

Exhibit   .it   Hlnneapolla  Tractor   SI 

summer  meeting  devoted 

to 

ind    belt-si is  271 

liiot  on  adoption  of  260 

!   other  271 

r   manufacture  270 


ilards   Committee,  S  A   E 

meeting  130 

Division   reports  at  semi-annual   mi 

lng 
Letter  ballot   on  adoption  of  standards  260 


■feet  lng 

181 

Personnel  for   1922 

1 12 

on    at   annual   meeting 

1  • 

Reports  of  divisions 

it:. 

Tentative    schedule    of    division 

ings 

292 

Starting,  ease  of 

18 

onary  Engine  Division,  S  .1    E 


i  Itles 
Personnel  115, 

Report  at  Bemi-annual  n ting 

•nary    Internal-combustion    engines 
Status    of    the    engineer    In    automotivi 

i  tavid  Beecroft) 
Steel  and  other  standards 


i 

Adaptability   of  molybdenum  to  frame 

-hardening    grades 
Chrome-molybdenum,  applications 

from  the  consumer's  viewpoint      -17. 
Continuous  die   rolling  43. 

Corrosion  of  chromium 
Deoxi'iation    of 

Drop-forging   practice  207. 

Effects    of   carbonizing    and    hardening 
Effect    of    phosphorus   and   sulphur   in 

lection  of  raw  stock 
Methods  of  testing 

Molybdenum   and  manufacturing  costs 
Molybdenum    usage 
Physical  characteristics 
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KERITE 

A  product  of 
over  fifty  years 
distinguished  ser- 
vice in  the  most 
important  eleo 
trical  fields, pos- 
sessing inherent 
characteristics 
which  make  it 
pre-eminently 
desirable  for 
High  Tension 
Automotive 
I  g  n  ition 


KE  RITE 

INSULATED  WIRE  &  CABLE 

COMPANY 

NEWYORK  CHICAGO 
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There  Is  a  Popular 
Misconception 


in  regard  to 


Vibration 

It  is  that  unless  unbalance  causes 
a  pronounced  and  visible  vibration  in 
a  machine,  it  is  not  objectionable. 

THIS  IS  A  SERIOUS  ERROR 

The  effects  of  unbalance  are  always 
bad,  regardless  of  whether  or  not 
there  is  any  visible  manifestation  of 
its  presence. 

Vibration,  unless  it  serves  a  useful 
function  in  a  machine,  is  a  waste  of 
power. 

Vibration  also  causes  noise,  uneven 
wear,  rapid  deterioration,  increased 
upkeep,  discomfort,  and,  if  excessive, 
may  eventually  cause  an  "explosion" 
of  the  machine,  resulting  in  loss  of 
property. 

The  elimination  of  vibration  is  not 
an  expensive  form  of  engineering  re- 
finement. 

An  idea  of  the  cost,  applied  to 
the  solution  of  your  problem,  can 
promptly  be  obtained  by  communi- 
cating with  us. 

Write  today  for  booklet 
"Eliminating  Vibrations." 


VIBRATION 
SPECIALTY  COMPANY 

Harrison   Bldg.,   Philadelphia,   U.  S.   A. 

N.    W.     Akimoff,     President 
(in    charge    of    all    operations) 


Personal  Notes 

of  the 

Members 


Items  regarding  changes  In  business  connections, 
promotions,  etc..  are  desired  from  the  membership  for 
insertion  in  these  columns.  This  will  enable  members 
to  keep  their  friends  informed  of  their  whereabouts  and 
will  also  assist  in  keeping  the  records  of  the  Society 
up  to  date. 


Howard  G.  Benedict,  formerly  works  manager  of  the  Scott 
&  Fetzer  Co.,  Cleveland,  has  been  made  general  manager  of 
the  A.  J.  Deer  Co.,  Hornell,  N.  Y. 

William  E.  Benninghoff  has  severed  his  connection  with  the 
Western  Automatic  Machine  Screw  Co.,  Elyria,  Ohio,  where 
he  was  time  study  engineer.  He  has  not  announced  his  plans 
for  the  future. 

A.  C.  Bigelow  has  been  elected  president  and  general  man- 
ager of  the  United  Motor  Car  Co.,  Trenton,  N.  J.  He  was 
formerly  industrial  engineer  for  the  Cook  Linoleum  Co.,  also 
of  Trenton. 

E.  R.  Birchard  has  been  appointed  factory  representative 
for  the  General  Motors  of  Canada,  Ltd.,  Oshawa,  Ont.,  with 
headquarters  at  Toronto. 

Lloyd  I.  Birckelbaw  has  become  associated  with  the  Hudson 
Motor  Car  Co.,  Detroit. 

Lloyd  C.  Boivin  has  been  appointed  shop  foreman  for  the 
Central  California  Electric  Co.,  Tulare,  Cal. 

Horace  A.  Brown.  Jr.,  has  been  appointed  manager  of  the 
sales  division  of  motor  bearings  of  the  Hyatt  Roller  Bearing 
Co.,  Detroit,  having  been  transferred  from  the  motor  bear- 
ings division,  where  he  was  also  manager. 

Porter  A.  Buck,  previously  chief  engineer  for  the  Parcol 
Industries,  Inc.,  Alpena,  Mich.,  has  become  associated  with  W. 
Buck  &  Sons,  Berrien  Springs,  Mich. 

Robert  H.  Campbell,  vice-president  and  chief  engineer  of 
the  Wharton  Motors  Co.,  Pittsburgh,  is  now  located  at  the 
company's  offices  at  Johnstown,  Pa. 

Oscar  F.  Carlson  has  formed  the  Oscar  F.  Carlson  Co.,  with 
offices  and  factory  at  562  West  Washington  Boulevard,  Chi- 
cago. He  was  formerly  chief  engineer  for  the  Amalgamated 
Machinery  Corporation,  also  of  Chicago. 

R.  E.  Carlson,  formerly  chief  of  tank  section  of  the  tank, 
tractor  and  trailer  division,  Ordnance  Department,  City  of 
Washington,  has  been  appointed  engineer  in  the  Bureau  of 
Standards,  City  of  Washington. 

At  a  recent  meeting  of  the  Cleveland  Chamber  of  Com- 
merce, F.  C.  Chandler,  president  of  the  Chandler  Motor  Car 
Co.,  who  served  last  year  on  the  board  of  directors,  was  re- 
elected. 

Walter  P.  Chrysler,  who  resigned  as  a  director  of  the  Re- 
public Motor  Truck  Co.,  Inc.,  Alma,  Mich.,  and  a  member  of 
the  executive  committee  at  a  recent  meeting  of  the  board  of 
directors,  will,  in  the  future,  devote  all  of  his  time  that  is 
available  for  automobile  matters  to  the  Maxwell  Motor  Co., 
Detroit,  of  which  he  is  chairman  of  the  board. 

(Continued  on  page  4) 
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Ninety-five  years  in  business — making  lubri- 
cants for  gears  long  before  there  were  any 
automobiles  —  >o 


DIXON'S  677 

For  Transmission  and   Differential   Gears 


is  the  product  of  long  experience  and  scientific 
test>. 

Cars  will  perform  as  they  should — smoothly, 
quietly,  giving  full  power  with  least  wear,  when 
lubricated  with  Dixon's  677. 


It  does  not  run  off  the  gears  in  warm  weather 
nor  stiffen  in  cold  weather.  Costs  more  per 
pound — less  per  mile. 


Write  for  Booklet  No.  95-G 

Joseph  Dixon  Crucible  Co. 

Jersey  City,  N.  J.  °><x><n  Established  1827 

Makers  of  Quality  Lubricants 
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Are  You 

Satisfied 

With  Your 

Power? 


No  user  of 
Climax  Engines 

has  ever 

changed  to  any 

other   make. 

Moderate  Speed 

Medium    Duty 

30  to  70  H.  P. 

Kerosene  or 

Gasoline 

Write  for  Catalog 


"The  Trustworthy  Engine" 

Built  by 

CLIMAX  ENGINEERING  CO., 

12   W.    18TH    AVE.  CLINTON,    IOWA 

Manufacturers  of  Internal  Combustion  Engines  for  Automotive  and 
Industrial  Power  Purposes. 


Personal  Notes  of  the  Members 

Continued 


DeWitt  Clausen  has  severed  his  connection  with  the  Mc- 
Vicker  Engineering  Co.,  Minneapolis,  Minn.  His  future  plans 
have  not  been  announced. 

Harold  H.  Coburn  has  resigned  as  director  of  industrial  arts 
in  the  schools  of  Wellesley,  Mass.,  where  he  has  been  install- 
ing machinery  and  building  up  the  department  for  5  years, 
to  accept  the  position  of  purchasing  agent  and  assistant  to 
the  president  of  the  E.  Van  Noorden  Sheet  Metal  Works, 
Roxbury,  Mass. 

O.  F.  Conklin  has  been  engaged  as  consulting  engineer  of 
the  Corcoran-Victor  Co.,  Cincinnati.  He  was  identified  with 
the  Remy  Electric  Co.,  Anderson,  Ind.,  for  a  number  of  years, 
first  as  chief  engineer  and  latterly  as  president  and  general 
manager. 

H.  Copleston,  who  for  a  numher  of  years  was  assistant  en- 
gineer and  designer  for  the  H.  W.  Johns-Manville  Co.,  New 
York  City,  is  now  consulting  engineer  for  Johns-Manville,  Inc. 
Before  returning  to  the  Johns-Manville  organization,  Mr. 
Copleston  was  a  sales  engineer  for  the  Doehler  Die-Casting 
Co.,  Brooklyn,  N.  Y. 

P.  W.  Cornelius  is  now  proprietor  of  the  Irvington  Motor 
Service  Co.,  Indianapolis,  Ind.  He  was  formerly  salesman 
for  the  Buck  Co.,  also  of  Indianapolis. 

W.  M.  Corse,  who  on  April  1  assumed  charge  of  the  division 
of  research  extension  fox  the  National  Research  Council,  was 
elected  a  manager  of  the  American  Electrochemical  Society 
at  its  recent  annual  meeting  held  in  Baltimore. 

Leroy  V.  Cram  has  severed  his  connection  with  the  Mercer 
Motors  Co.,  Trenton,  N.  J.,  where  he  was  production  engi- 
neer.    His  plans  for  the  future  has  not  been  announced. 

W.  R.  Davis  has  been  promoted  from  sales  and  advertising 
manager  to  general  manager  of  the  Packard  Engineering 
Co.,  Cleveland. 

John  C.  Dayton,  formerly  engineer  and  manager  for  the 
Dayton  Gas  &  Electrical  Engineering  Works,  Harrisburg, 
Pa.,  has  been  engaged  as  traveling  expert  on  engines,  trac- 
tors and  trucks  for  the  International  Harvester  Co.  of  Amer- 
ica, Chicago. 

R.  M.  de  Vignier  has  severed  his  connection  as  chief  engi- 
neer for  the  American  Vulcanized  Fibre  Co.,  Wilmington, 
Del.  For  a  number  of  years  he  was  development  engineer 
for  the  Western  Electric  Co.  and  the  du  Pont  Co.  No  an- 
nouncement has  been  made  regarding  his  plans  for  the  future. 

Edward  H.  Diesz  has  accepted  the  position  of  chief  engi- 
neer with  the  United  States  Street  Sweeping  Machine  Co., 
Akron,  0.  He  was  formerly  assistant  chief  draftsman  at  the 
Akron,  Ohio,  plant  of  the  International  Harvester  Co. 

Clarence  A.  Earl  was  elected  president  and  general  man- 
ager of  the  Earl  Motors,  Inc.,  at  the  annual  stockholders' 
meeting,  held  at  Jackson,  Mich. 

J.  O.  Eaton,  formerly  president  and  general  manager  of 
the  Torbensen  Axle  Co.,  Cleveland,  and  latterly  president  of 
the  Standard  Parts  Co.,  also  of  Cleveland,  has,  together  with 
a  number  of  others,  acquired  the  interest  in  the  Torbensen 
company  previously  owned  by  the  Republic  Motor  Truck  Co., 
Inc.,  Alma,  Mich.  In  the  reorganization  that  followed  Mr. 
Eaton  was  elected  president. 

Early  last  month  Frank  L.  Eidmann  sailed  for  Europe  on  a 
business  trip  that,  it  is  expected,  will  last  6  months. 

(Continued  on  page  6) 
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HE  LEXINGTON  Minute  Man  Six  has 
S.  R.  B.  Annular  Ball  Bearings  inbuilt  for 
the  very  simple  reason  that  these  Ball 
Bearings  are  the  best  obtainable  and  give 
the  longest  and  most  satisfactory  service. 


STANDARD  STEEL  AND  BEARINGS  INCORPORATED 
Philadelphia,  Pa.,  U.  S.  A. 

S,  It  n.  Baarinfi  in  Standard  8al«  id  i  Barflcc  Company  branches  throughout  the  United  states 


Operating  under 
Conrad   Patents 
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it  comes  to  balls  em- 
phasis must  not  be  put  on  price  to  the 
exclusion  of  quality. 


STEEL 

BRASS 

BRONZE 

MONEL  METAL 

BELL  METAL 

ALUMINUM 

HOLLOW  BALLS 


The  World's  Largest  Manufacturer 


Hoover  Steel  Ball  Co. 

ANN  ARBOR,  MICH. 

CHICAGO '. 180   N.    Market   St. 

PHILADELPHIA 259   Middle  City  Bldg. 

CLEVELAND 3124    Edgehill    Road 

CHATTANOOGA Sanford    Brothers 


Personal  Notes  of  the  Members 
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A.  \Y.  Einstein,  post-graduate  student  in  highway  transport 
course,  University  of  Michigan,  Ann  Arbor,  Mich.,  has  ac- 
cepted a  position  with  the  Service  Motor  Truck  Co.,  Wabash, 
Ind.,  as  a  highway  transport  engineer  and  a  special  represen- 
tative in  the  sales  department. 

R.  C.  Enos,  formerly  sales  representative  of  the  Torbensen 
Axle  Co.,  Cleveland,  was  elected  vice-president  of  the  com- 
pany in  connection  with  the  recent  reorganization. 

Gordon  M.  Evans  has  been  appointed  superintendent  of 
planning  at  the  Maxwell  Motor  Corporation,  Detroit. 

Murray  Fahnestock  has  been  appointed  technical  editor  of 
the  Ford  Car  Trade  Journal,  Milwaukee,  in  addition  to  being 
technical  editor  of  the  Ford  Owner  and  Dealer  Magazine,  a 
position  which  he  has  held  for  many  years. 

Arthur  N.  Goodfellow  has  been  elected  treasurer  of  the  Nice 
Ball  Bearing  Co.,  Philadelphia,  with  which  he  has  been  con- 
nected for  some  time. 

Harold  C.  Gortzig  has  been  made  assistant  to  the  superin- 
tendent of  the  Curtiss  Aeroplane  &  Motor  Corporation,  Buf- 
falo, N.  Y.  He  was  formerly  assistant  engineer  for  the 
Parenti  Motors  Coi-poration,  also  of  Buffalo. 

P.  F.  Hackethal,  formerly  chief  engineer  for  the  Paragon 
Motor  Car  Co.,  Cumberland,  Md.,  has  been  engaged  as  con- 
sulting engineer  for  the  Fox  Motor  Co.,  Philadelphia. 

Herbert  A.  Hansen  has  accepted  the  position  of  assistant 
to  the  president  with  the  Johnson  Gear  Co.,  Berkeley,  Cal. 

Herman  Henkel  has  been  made  vice-president,  treasurer 
and  service  director  of  the  Garlock  Sales  Co.,  Lansing,  Mich. 
He  was  previously  proprietor  of  the  Automotive  Service  Co., 
also  of  Lansing. 

Elbert  J.  Jenkins,  formerly  sales-engineer  for  the  Dow- 
metal  division  of  the  Dow  Chemical  Co.,  Midland,  Mich.,  is 
now  associated  with  R.  E.  Olds  of  Lansing,  Mich.,  as  presi- 
dent and  general  manager  of  the  Oldsmar  Mfg.  Co.,  Olds- 
mar,  Fla. 

Lewis  P.  Kalb  has  accepted  a  position  as  engineer  for  the 
Continental  Motors  Corporation,  Detroit. 

P.  J.  Kent,  until  recently  electrical  engineer  for  the  Willys 
Corporation,  Elizabeth,  N.  J.,  has  been  engaged  by  the  Zeder- 
Skelton-Breer  Engineering  Co.,  Newark,  N.  J.,  as  electrical 
engineer  on  the  development  of  the  Zeder  motor  car. 

E.  H.  Kessler,  formerly  associated  with  the  Davis  Sewing 
Machine  Co.,  Dayton,  Ohio,  is  now  chief  chemist  of  the 
Thresher  Varnish  Co.,  also  of  Dayton. 

Joseph  Kirschmann  is  owner  and  manager  of  Kirschmann 
&  Co.,  Vienna,  Austria. 

E.  B.  Knowles  is  associated  with  the  United  States  As- 
bestos Co.,  Lancaster,  Pa.,  in  connection  with  sales  to  the 
automotive  industries.  He  was  formerly  secretary  and  gen- 
eral manager  of  the  Staybestos  Mfg.  Co.,  Philadelphia. 

J.  M.  Kroyer  is  no  longer  president  of  the  Kroyer  Motors 
Corporation,  Stockton,  Cal.,  but  is  located  in  Los  Angeles. 

Howard  A.  Miller  has  severed  his  connection  with  the  Auto- 
motive Service  Co.,  Rochester,  N.  Y.,  as  junior  partner.  His 
plans  for  the  future  have  not  been  announced. 

William  Moiselle  has  been  engaged  as  manager  of  the 
wholesale  department  of  the  Packard  Columbus  Motor  Co., 
Columbus,  Ohio. 

(Continued  on  page  8) 
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A  Disc  Joint  That  Centers! 


Model  21 

Patent  Applied  for 


A  Necessary  Improvement   in   Disc-Joint  Design 

THAT  HAS  CAUSED  A  RAPID  REVIVAL  OF  INTEREST  IN  THIS  TYPE 
OF  JOINT  AMONG  AUTOMOTIVE  ENGINEERS. 


Centering  Ring 

with     oiless     and     noiseless 

centering   bushing. 


It  eliminates  the  dangerous  weaknesses  of  the 
older  types  at  the  same  time  retaining  the  good 
features. 

It   greatly   lengthens  the  life  of  the  discs. 

It  eliminates  serious  propeller  shaft  vibration 
by   keeping    the   discs  concentric   at  all  timet. 

It  absorbs  the  centrifugal  stresses  caused  by  the 
rotation  of  the  metal  parts  of  the  shaft,  which 
in  joint*  of  the  older  type  are  supported  only 
by  flexible  discs  that  stretch  and  allow  the  shaft 
to  run  eccentric. 


Submit    Your  Propeller -Shaft  Problems   to 


Tubular  Assembly  Spider 
and  Centering   Shaft 


Arvac  Manufacturing  Company,  Anderson,  Indiana 
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YOUR  STEAM 
ENGINE 

SHOULD  BE  OF  A  TYPE 

TO  USE   LEAST  STEAM 

UNDER  WIDE  RANGE  OF 

LOAD. 

COMPARE   THESE  CURVES. 
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THE    UNA-FLOW 
STEAM    ENGINE 

By  Prof.  J.  Stumpf 
Second  English  Edition 

IS  THE  LATEST  BOOK  ON 


STUMPFLOW 
CI 


DESIGN 


Pr 


ice 
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Carriage    Paid 
Discounts   in 
Quantities   lo 
S.  A.  E.  Members. 


Order  your  copy  NOW 

Stumpf  Una-Flow  Engine 
Company,  Inc. 

206  E.  Genesee  St. 
Syracuse,  N.  Y. 


Personal  Notes  of  the  Members 

Continued 


J.  H.  Naiden  has  resigned  as  engineer  and  director  of 
laboratories  for  the  Prest-O-Lite  Co.,  Indianapolis,  and  has 
entered  into  business  with  his  brother  to  manufacture  the 
Naiden  battery,  under  the  firm  name  of  the  Iowa  Storage 
Battery  Co.,  Des  Moines,  Iowa. 

Through  an  unfortunate  error  it  was  announced  in  the  April 
issue  of  The  Journal  that  W.  N.  Nakamura  was  no  longer 
a  draftsman  in  the  employ  of  the  Dort  Motor  Car  Co.,  Flint, 
Mich.  This  was  due  to  insufficient  data  on  a  change  of  ad- 
dress blank  received  from  Mr.  Nakamura.  He  is  at  the  pres- 
ent time  still  connected  with  the  Dort  organization  in  the 
capacity  of  mechanical  engineer. 

A.  G.  Partridge  has  been  appointed  to  special  sales  work  in 
the  tire  division  of  the  B.  F.  Goodrich  Rubber  Co.,  Akron, 
Ohio.  For  several  years  Mr.  Partridge  was  vice-president 
in  charge  of  sales  at  the  Firestone  Tire  &  Rubber  Co.,  and 
later  was  engaged  in  a  similar  capacity  with  the  Star  Rubber 
Co.  His  duties  with  the  Goodrich  organization  will  be  largely 
confined  to  the  development  of  sales. 

H.  E.  Pengilly  has  become  associated  with  the  Triplex  Ma- 
chine Tool  Corporation,  New  York  City.  He  was  previously 
mechanical  engineer  in  the  motor  carriage  section  of  the  artil- 
lery  division  of  the   Ordnance   Department,   Washington. 

Herbert  C.  Phelan,  formerly  direct  factory  representative 
for  the  Cornwell  Quality  Tools  Co.,  Cuyahoga  Falls,  Ohio, 
has  been  appointed  automotive  instructor  in  the  U.  S.  Vet- 
erans' Bureau  Vocational  School,  Portland,  Me. 

W.  H.  Pratt  is  now  associated  with  the  Bearings  Service 
Co.,  New  York  City.  He  was  formerly  sales  engineer  for 
the  Klaxon  Co.,  Newark,  N.  J. 

M.  L.  Pulcher,  vice-president  and  general  manager  of  the 
Federal  Motor  Truck  Co.,  Detroit,  has  been  chosen  to  head 
the  National  Association  of  Motor  Truck  Industries  that  was 
recently  formed. 

M.  H.  Roberts  has  been  appointed  vice-president  in  charge 
of  engineering  of  the  Fi-anklin  Railway  Supply  Co.,  New 
York  City,  having  previously  been  chief  engineer  of  the  com- 
pany. 

Harry  M.  Rugg,  who  for  the  past  year  has  been  director 
of  educational  extension  at  the  Michigan  State  Auto  School, 
Detroit,  has  just  been  made  an  assistant  experimental  engi- 
neer in  the  engineering  department  at  the  Dodge  Bros,  auto- 
mobile factory,  also  located  at  Detroit. 

Arthur  A.  Schupp,  until  recently  engineer  for  the  Wilcox 
Motor  &  Mfg.  Co.,  Saginaw,  Mich.,  has  accepted  a  similar 
position  with  the  Fredericksen  Co.,  also  of  Saginaw. 

M.  Charles  Schweinert,  who  for  over  35  years  has  been  as- 
sociated with  A.  Schrader's  Son,  Inc.,  of  Brooklyn,  N.  Y.,  as 
general  manager,  treasurer,  director  and  president,  has  re- 
signed. He  has  been  retained  by  the  corporation  in  an  ad- 
visory capacity  that  will  occupy  a  portion  of  his  time  and  he 
contemplates  devoting  the  remainder  of  it  to  other  engineer- 
ing and  mechanical  matters  and  to  looking  after  his  private 
interests. 

L.  S.  Sheldrick  has  severed  his  connection  as  chief  engi- 
neer and  works  manager  for  the  Hicks-Parrett  Tractor  Co., 
Chicago  Heights,  111.  His  future  plans  have  not  been  an- 
nounced. 

At  the  annual  stockholders'  meeting  of  the  Earl  Motors, 
Inc.,  Jackson,  Mich.,  William  Sparks,  president  of  the  Sparks- 
Withington  Co.,  also  of  Jackson,  was  elected  a  member  of  the 
board   of  directors. 

(Concluded  on  page  10) 
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Midwest  engines  are.  manufactured 
under  patents  covering"  a  lubricating* 
system,  which  is  the  only  system  the. 

I  industry  knows  today  that  will  secure 
these  results: 
-Exceptional  torque  and  horse  power 

Iat  both  low  and  high  speeds    ' 
-elimination  of  oil  pumping  -which com- 
bined -with  proper    coolintf    permits 
I   higher   compression.  ~j 

-greater  performance,  ability  at  the 
business  end  of  the  engine  in  the 
I  elimination  of  internal  friction 
-long  lived  economical  performance 
with  absolute  minimum  otmaintenance, 
attention  and    expense. 

J  These  are  the.  reasons  why 
west  engines  are  today  used  in 
many  leading  trucks,  tractors,  motor 
buses,  railway  motor  cars  and  indus- 
trial  locomotives.  ,        - 

Lw  hen  willjyour  product  r>e 
e  picture?  J 


in 


pictuiv 


MIDWT.ST        ENGINE      COMPANY  -   -   INDIANAPOLIS,       USA 

MIDWEST 

TRUCKoWTRACTOR  ENGINE 
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Buying  Wheels  is  more  than 
buying  fashioned  spokes  and 
bent  rims. 

It  is  buying  the  experience, 
resources,  and  policies  of  the 
wheel  manufacturer. 

The  Muncie  Wheel  Company 
has  had  30  years  of  experi- 
ence, it  has  adequate  re- 
sources to  fill  your  most 
exacting  wants,  and  it  is  op- 
erated upon  sound  policies 
that  are  respected  by  the 
trade. 

Such  a  combination  assures 
a  sound  product  that  reliable 
Engineers  do  not  hesitate  to 
adopt. 

Muncie  Wheel  Company 

Muncie,  Indiana 


Personal  Notes  of  the  Members 

Concluded 


Glenn  A.  Toaz,  formerly  assistant  chief  engineer  for  the 
Butler  Mfg.  Co.,  Cleveland,  has  been  made  service  engineer 
for  the  Steel  Products  Co.,  also  of  Cleveland. 

G.  W.  Turney  has  severed  his  connection  with  the  Rome- 
Turney  Radiator  Co.,  Rome,  N.  Y.,  where  he  was  treasurer 
and  general  manager.  He  has  not  announced  his  plans  for 
the  future. 

J.  D.  Van  Vliet  is  no  longer  a  chief  engineer  for  the  Can- 
tilever Aero  Co.,  New  York  City.  His  plans  for  the  future 
have  not  been  announced. 

R.  O.  Watson  has  severed  his  connection  as  service  manager 
for  the  White-Humphreys  Motor  Co.,  San  Francisco,  and  is 
now  associated  with  S.  Markowitz,  also  of  San  Francisco. 

Paul  St.  Elmo  Webb  has  been  appointed  sales  promotion 
manager  of  the  Hinkley  Motors,  Inc.,  Ecorse,  Mich.  He  was 
formerly  a  transportation  engineer  with  the  Diamond  T  Truck 
Co.,  Nashville,  Tenn. 

George  William  Winter,  formerly  foreman  at  the  Avon- 
dale  Motor  Car  Co.,  Cincinnati,  has  opened  an  automotive  re- 
pair electrical  service  under  the  name  Winter  &  French,  also 
at  Cincinnati. 

Walter  H.  Woods  has  been  transferred  from  the  motor 
bearings  division  of  the  Hyatt  Roller  Bearing  Co.,  New  York 
City,  where  he  was  district  manager,  to  the  Detroit  office  of 
that  company  in  the  General  Motors  Building. 

K.  W.  Zimmerschied,  president  of  the  Chevrolet  Motor  Co., 
Detroit,  has  been  appointed  assistant  to  the  president  of  the 
General  Motors  Corporation,  retaining  however,  the  presi- 
dency of  the  Chevrolet  organization. 


FRAZER  &  JONES 
COMPANY 

Skilled  Founders 

of 

Malleable 
Iron  Castings 

Office  Address: 

351  West  Fayette  St. 
SYRACUSE  NEW  YORK 


PERFECTION 

MOTOR  CAR  ^ 

HEaterS 


ON    MOST    GOOD    CARS" 


There  are  just  as  many  problems  in 
making  heaters  correctly  as  there  are 
in  any  other  item  of  car  equipment. 
It  is  just  as  important  to  know  what  to 
do  and  what  not  to  do  in  making  heat- 
ers, as  it  is  in  making  carburetors,  radi- 
ators, etc.  In  every  detail  of  Perfec- 
tion Heaters  we  have  incorporated  the 
very  best  design,  material  and  work- 
manship which  our  long  experience  has 
taught  us  is  essential.  Our  unequaled 
production  facilities  and  well  balanced 
organization  enable  us  to  thoroughly 
co-ordinate  all  these  elements  into 
dependable  heater  equipment  for  you. 
The  Perfection  name  plate  on  motor 
car  heaters  is  your  guarantee  of 
unequaled  value  and  service. 


THE  PERFECTION  HEATER  &  MFG.  COMPANY 

6545  CARNEGIE  AVENUE     ::     CLEVELAND.  OHIO 


MITH  REGULATORS 


Simple  to  install  because  of  unit 
construction — self  aligning — mere- 
ly set  six  wood  screws. 

No  counterbalance  to  adjust.  No 
chains  to  become  loose  or  scratch 
glass.  Fits  in  thinnest  standard 
doors. 

Smith  Mechanical  Window  Regulators  save 
dollars  in  first  cost,  installation   and  service 


JOSEPH  N.  SMITH  &  CO. 


Automatically  locks  at  any  point. 
Shock  absorbers  built  into  regulator 
absorb  every  road  shock. 

One  standard  model  fits  all  cars — 
no  difference  whether  glass  drops 
15  or  22  inches. 


2461-2491  E.  Grand  Boulevard 


Detroit,  Michigan 
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The   New    Russel    Double    Reduction 
Internal    Gear    Axles 

possess  many  exclusive  features  that  ensure  the  maximum  degree  of  quietness, 
efficiency  and  strength.  Spiral  Bevel  Drive  Gears  are  used  for  the  primary  re- 
duction on  all  models  and  complete  enclosure  is  provided  for  all  working  parts. 


The  load-carrying  member  is  a  one-piece, 
heat-treated,   chrome-nickel  steel  bar  pos- 
ing  high  physical  properties. 

Cao  be  supplied  with  either  straight  or 
taper  roller  bearings  in  the  wheels.  Suit- 
able gear  ratios  for  all  conditions. 


All  Russel  Double  Reduction  Axles  have 

Spiral  Bevel  Drive  Gears. 

Extra  large  bearings. 

4  pinion  nickel  steel  differentials. 

Drop  forged  differential  cases. 

Complete  enclosure  of  all  working  parts. 

Large  and  positive  brakes. 

Ample  overload  capacity. 


Made  in  various  capacities  for  1,  \l/2,  2  and  2.%-ton  trucks,  also  for  1,  1)  j  and  2-ton  speed 
trucks. 

Special  Bus  models  are  available  permitting  low  mounting  of  body.    Also  a  complete  line 
of  Bevel  Gear  Models  for  ^4,  1  and  l^i-ton  speed  trucks. 

//  rite  for  complete  details  and  specifications. 

RUSSEL  MOTOR  AXLE  CO. 

DIVISION  OF 

McCORD  MFG.  CO.,  Detroit,  Mich. 

INTERNAL  and  BEVEL  DRIVE 

M§seH  TimcR  A: 
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Investigate  LATEST 

"WHITNEY 

HIGH  EFFICIENCY 

ROLLER  AND  SILENT  TYPE 

CHAINS 

also  Low  Cost  per  Thousand  Miles  of  Service 


ff 


LATEST     ROLLER     CHAINS     HAVE    SPECIAL    QUALITY 
SOLID  ROLLS  AND   OTHER  IMPORTANT  IMPROVEMENTS 


Front  End  Motor  Chain  Drives 


EXCEPTIONAL  MILEAGE 

AND  NEVER  KNOWN 

TO  SKIP  THE 

SPROCKET  TEETH 


THE  WHITNEY  MFG.  CO. 

HARTFORD,  CONNECTICUT,  U.  S.  A. 
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"Silence"  In  Transmission  Is  Largely  Due 
To  Good  Bearings 


THE  deep-groove  ball  bearing — 
because  of  its  remarkable  accu- 
racy, high  carrying  capacity  and 
smooth  running  characteristics — is 
particularly  suitable  for  transmissions. 

Silent  transmission  is  dependent- on 
the  maintenance  of  the  original  set- 
ting of  the  gears  and  the  absence  of 
undue  wear  on  the  gear  teeth  through 
the  elimination  of  wear  at  the  bear- 


ings. The  practical  perfection  of  the 
grooves  and  the  extreme  sphericity 
of  the  balls  in  the  deep-groove  bail 
bearing,  insure  that  lasting  niceness  of 
operation  so  essential  toquiet  running. 

Our  Engineering  Department  has 
accumulated  a  fund  of  valuable  ex- 
perience in  solving  the  problems  of 
"quietness".  We  shall  be  glad  to 
place  it  at  your  disposal. 

THE  HESS-BRIGHT  MANUFACTURING  COMPANY 

Supervised  bySKF  INDUSTRIES,  Inc..  165  Broadway,  New  York  City 
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THE  King  Motor  Company  has  adopted  the  Folberth  Auto- 
matic Windshield  Cleaner  as  standard  equipment  upon  all 
closed  models.  This  company  along  with  numerous  other  manu- 
facturers of  fine  cars,  recognizes  the  part  that  the  Folberth 
Automatic  Windshield  Cleaner  can  play  in  protecting  the  lives 
of  owners  of  their  product  and  assuring  them  safe,  comfortable 
driving  under  all  conditions. 

Full  information  as  to  mechanical  details  and  costs  uill  gladly  be  presented 
to  the  engineering  or  sales  departments  of  any  automobile  manufacturers. 

THE   FOLBERTH   AUTO   SPECIALTY   CO.,   CLEVELAND,   O.,   U.   S.  A. 


*S^  "I. 


utamatic 
DSHIELD  CLEANER 


It  Cleans  While   You  Drive!" 
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^Starting,  Lighting  &  Ignition 


»'nly  one  thing  proves  to  an  en- 
gineer the  unquestioned  superiority 
of  a  product!  That  is,  its  success  in 
the  hands  of  the  user. 

All  over  the  world  more  than  tun 
million  car  owners  have  learned  from 
satisfactory  experience  to  have  im- 
plicit  faith   in   the   reliability  of   the 


Auto-Lite  System,  under  all  driving 
conditions. 

There  are  many  reasons  for  the 
ruggedness,  simplicity  and  long  life 
of  the  Auto-Lite  System.  May  we 
have  an  opportunity  to  go  into  these 
with  you? 


ELECTRIC  AUTO-LITE   CORPORATION 

Offices  and  Works,  Toledo,  Ohio  Detroit  Sales  Office,  1309  Kresge  Bldg. 

Willys  Light  Division 

Of   Electric    Auto-Lite   Corporation; 

Manufacturers  of  Electric  Light  and  Power  Plants  for  Farms,  Etc. 
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STELLITE  TOOLS 

Turning  Large  Tractor  Pistons 


per  minute 


44 


44 


Table  Travel  Roughing        .       .       .       5" 
"       Finishing         ...      13" 

Speed .124' 

Cutting  Time 2  minutes 

Number  completed  per  grind 165 


NOTE  THE  DIMENSIONS 


We  will  survey  your  standard  operations 
or  proposed  operations,  giving  compara- 
tive speeds,  feeds.'floor  to  floor  time,  pro- 
duction per  day,  first  cost  of  tools,  accu- 
mulative cost  of  tools,  tool  cost  per  cubic 
foot  of  metal  removed  including  all  nec- 
essary labor  and  machine  costs,  showing 
Stellite  performance  versus  other  tools. 

No  claims  are  made  without  facts  to 
support  them  because  we  guarantee  pro- 
duction shown  by  our  data  sheets  where 
the  customer  makes  the  cutting  con- 
ditions favorable  to  specifications. 

When  you  purchase  Stellite  you  purchase  production  wherever  we  receive  co-operation. 

HAYNES  STELLITE  COMPANY 

Carbide  and  Carbon  Building,  30  East  42nd  Street,  New  York 


THE  OPERATION 


Rough  turn,  groove  and  face  as  tools  travel  toward  the  head  stock. 
Semi-finish  turn,  finish  face  and  center  as  tools  return  across  the  piston. 
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The  Light 
That   Outlives 
The  Truck  — 


J?ze4tOU£te  SxtA 


The  Prest-O-Lite  Gas  Lighting  System  makes  new  trucks  sell  better 
and  old  trucks  "see"  better. 

These  are  facts,  proved  through  years  of  experience  as  America's 
oldest  service  to  motorists. 

Prest-O-Lite  Gas  Lighting  is  legal  everywhere — universally  ap- 
proved  1>\  public  authorities.  Leading  truck  makers  and  users  favor 
it  because  it  is  the  one  system  that  can't  be  bumped  out  of  commis- 
sion and  that  throws  a  broad,  penetrating  beam  a  good  200  feet  ahead 
without  dangerous  glare  or  dazzle. 

The  Prest-O-Lite  Tail  Lamp  gives  real,  dependable  rear  protection; 
clearly  visible  at  more  than  legal  distances;  full  illumination  of 
license  plates. 

That  familiar  little  tank,  only  6  x  20  inches,  carries  enough  gas  to 
light  your  head  and  tail  lamps  for  thirty  hours  or  more.  More  than 
22.000  stores  and  garages  exchange  full  tanks  for  empties — you  pay 
only  for  the  ga-. 

\\  rite  for  ''The  Light  that  Outlives  the  Truck" 
THE  PREST-O-LITE  CO.,  Inc. 

Small  lank  Sales   Dept. 
General  Offices:   Carbide  &  Carbon  lildg.,  30  E.  42nd  Street,    New  )  ork 

,",')<>  Eighth  Street.  San  Franciscv 

In  Canada:   Prest-O-Lite  Company  of  Canada.  Ltd.,  Toronto 
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FOREMOST 


For  All 

Motor  Cars 

and  Trucks 


One  Hand 
Operates  It 


The  Bowen-Empress  High  Pressure  Lubricating  Sys- 
tem is  the  one  outstanding  system  among  all  others  de- 
veloped to  provide  a  better  method  of  lubrication  for 
the  motor  car  and  truck  chassis ;  not  only  does  it  pro- 
vide a  better  and  more  reliably  effective  means  of 
lubricating,  but  at  the  same  time  eliminates  the  ob- 
jectionable features  common  to  similar  systems. 

The  Bowen-Empress  System  was  not  hastily  designed 
and  manufactured  to  compete  with  like  systems  al- 
ready on  the  market  nor  to  furnish  a  makeshift  im- 
provement over  former  methods  of  lubrication.  Its 
design  and  principles  of  operation  are  based  upon 
years  of  experience  and  experimental  work  in  the 
manufacture  of  lubricators  and  the  solution  of  lubri- 
cating problems.  This  has  been  exclusively  the  busi- 
ness of  the  Bowen  Products  Corporation  for  the  past 
twenty-six  years. 

The  Bowen-Empress  High  Pressure  Lubricating  Sys- 
tem with  its  distinctive  features  of  effectiveness,  con- 
venience and  simplicity  of  operation  is  the  result  of 
conscientious,  painstaking  concentration  by  a  staff  of 
thoroughly  experienced  lubrication  engineers  upon  the 
problem  of  securing  better  lubrication  for  the  chassis. 

Your  copy  of  the  booklet  describing  the  Empress  Sys- 
tem will  be  mailed  upon  request. 

Write  for  Descriptive  Booklet — iV-301  Today 


BOWEN  PRODUCTS  CORPORATION 

Auburn  Division,  Auburn,  N.  Y. 


T)owen-T«mDress 


RICATING  SYSTEM 


Built  for  Better  Lubrication 
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THE  OFFICERS  OF  THE  ACME  DIE 
CASTING  COMPANY  OF  BROOKLYN, 
NEW  YORK  ANNOUNCE  THE  REORGAN- 
IZATION OF  THEIR  COMPANY  UNDER 
THE  NAME  OF  THE 

ALUMINUM  DIE  CASTING 
CORPORATION 


WITH  THE  SAME  MANAGEMENT  BUT 
INCREASED  FACILITIES  IN  OUR  FACTORY 
AT  GARWOOD,  N.  J.,  WE  ARE  IN  A  POS- 
ITION TO  PRODUCE  PROMPTLY  AND 
ECONOMICALLY  THE  FINEST  QUALITY  OF 

ALUMINUM  DIE  CASTINGS 

TIN  DIE  CASTINGS 

ZINC  DIE  CASTINGS 

LEAD  DIE  CASTINGS 

Let  us  bid  on  your  blue  prints 

ALUMINUM    DIE    CASTING    CORP.,    GARWOOD,    N.    J. 
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PROVED  BEST 

By  Official  State  Tests 

The  Shaler  Roadlighter  is  the  only  headlight  lens  which  has  received  the 
maximum  candlepower  rating  in  every  State  where  tests  have  been  made 
under  the  standard  specifications  of  the  Illuminating  Engineers  Society. 


It  is  the  only  headlight  lens  that  may  be  used 
with  maximum  candlepower  bulbs — and  com- 
ply with  the  law,  because  it  stops  all  glare. 
Many  makes  of  lenses  are  prohibited  except 
with  low  candlepower  bulbs,  which  only  give 
a  weak  light,  and  even  then  the  headlights 
must  be  tilted  down.  Almost  any  lens  may  be 
"legal"  under  these  restricted  conditions  of 
use — but  mere  legality  means  nothing  when 
compared  to  the  proved  efficiency  of  the  Shaler 
Roadlighter. 

Write  for  Free  BooR,  « 
which  contains  a  summary  of  the  Standard  Headlight 
Law,   and   gives    detailed    information    about    Shaler 
Roadlighters.     Or  ask  your  Accessory  Dealer  to  give 
demonstration    of    the    superior    efficiency   of 


The  Shaler  gives  a  better  driving  light  because 
the  waste  or  glare  rays  are  bent  down  and 
focused  on  the  edges  of  the  road,  not  scattered 
or  fanned  out,  as  with  other  deflecting  lenses. 
The  distant  light  is  more  intense  than  with 
plain  glass.  The  road  is  smoothly  lighted  to 
full  width — with  spotlight  intensity  on  the 
edges,  which  protects  the  user  against  the 
glaring  headlights  he  meets  and  the  danger  of 
accidents. 
MaKing  Lig'Ht  of  Glare" 

Shaler  Lenses.  They  are  sold  and  recommended  by 
Jobbers,  Garages,  Accessory  and  Hardware  Dealers  all 
over  the  world.    All  sizes  supplied. 


you    a 

Wi  inch  and  smaller   (Ford  size)    $2.75 

[8%   inch  and  larger     3.50 

Prices  slightly  higher  west  of  Denver  and  in  Canada. 


PRICES 


\l 


a  pair 
a  pair 


C.  A.  SHALER  CO., 


33   Fourth   Street 


Waupun,  Wisconsin 


June. 
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ANNOUNCEMENT 


Warner-Elgin 


The  Stewart-Warner  Speedometer  Cor- 
poration is  now  prepared  to  offei  a 
high  grade  time-keeper  in  combination 
with  the  Warner  and  Van  Sicklen 
Speedometers. 

This  time-piece  is  produced  for  our  ex- 
clusive use  by  the  world's  largest 
builders  of  quality  watch  movements, 
— the  Elgin  National  Watch  Company. 

Elgin  reputation  is  a  guarantee  of  its 
accuracy.  It  is  a  fit  companion  for  the 
Warner  and  Van  Sicklen  Speedometers. 

These  combination  instruments  can  be 
supplied  in  various  individual  designs 
to  meet  the  requirements  of  car  manu- 
facturers for  standard  equipment. 

A  special  department  has  been  set  aside 
for  the  assembly,  finishing  and  testing 
by  selected,  trained  men. 

Beauty  of  design  and  finish  is  charac- 
teristic of  both  the  Warner  and  Van 
Sicklen  models.  The  highly  polished 
flange,  the  satin-like  finish  of  the  beau- 
tiful etched  dial  with  beveled  odometer 
openings  lend  these  instruments  an 
attractiveness  that  is  entirely  in  keep- 
ing with  correctly  appointed  car  in- 
teriors. 

Stewart- Warner 

Speedometer  Corporation 
CHICAGO,  U.  S.  A. 


nee  in  Speedometer  building. 
86  Seritce  Stations  scattered  over  the  world. 
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Closed  Body  Windshields 

Open  Car  Wir 

idshields 

Truck    Wind 

shields 

Accessories, 

Vi  sors 

and    Tractor 

Parts 

AINSWORTH  MANUFACTURING  COMPANY 

Windshields,  Tractor  Parts  and  Automorile  Accessories 
Franklin  and  Dubois  Detroit,  Michigan 


Jun> 
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Back  of  the  Specialized  vehicle 

— an  engineering  force  that  no  one 
organization  could  possibly  maintain 


A  few  years  ago  the  automobile 
buyer  was  influenced  largely  by  what 
he  could  SEE.  But  experience  has 
taught  him  that  the  things  deter- 
mining performance  —  real  continu- 
ous performance  —  are  the  resources 
and  facilities  behind  the  car  or  truck. 

Sales  charts  show  that  more  and 
more  buyers  of  cars  and  trucks 
are  being  impressed  with  the  organi- 
zation back  of  the  genuine  SPECIAL- 
IZED vehicle  —  an  organization  rep- 
resenting the  combined  strength  of 
the  vehicle  builder,   the  great  SPE- 


CIALIZED unit  manufacturers  and 
the  parts-distributing  stations  that 
dot  the  world. 

r  Car  and  truck  builders  who  identify 
their  organizations  NOW  with  the 
SPECIALIZED  vehicle  will  reap  the 
full  benefits  accruing  from  the  fast 
growing  public  preference  for  the 
vehicle  whose  every  unit  is  a  proven 
unit  sponsored  by  an  organization  of 
SPECIALISTS  —  such  a  unit,  for  in- 
stance, as  the  motor  that  bears  on 
its  crankcase  the  Continental  Red 
Seal. 


CONTINENTAL  MOTORS  CORPORATION 


Offices:  Detroit.  V.  S.  A. 

Factories: 
Detroit  and  Muskegon 


Largest  Exclusive  Motor 
Manufacturers  in  the  World 


^*y 
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Motor 


heel 


PRODUCTS 

\SF 


For  Special  Models 


The  selling  value  of  the  distinctive  special  model  is 
today  emphatically  recognized.  Shrewd  manufac- 
turing policy  is  giving  closest  interest  to  this  phase. 

More  than  one  great  production  problem,  in  con- 
nection with  the  special  model,  is  solved  by  the 
adoption  of  Gier  Tuarc  Steel  Wheels. 
In  the  assembly  not  a  single  extra  part  or  changed 
operation  is  required  for  the  installation  of  Tuarcs. 
Their  hubs  are  precisely  the  same  as  the  hubs  in 
the  wheels  of  the  regular  output,  and  bearing 
stresses  require  no  extra  consideration. 
There  is  no  difficulty  concerning  a  special  carrier  for 


spares,  because  your  standard  carrier  serves  the 
demountable  rims  of  Tuarc  steel  wheels. 

This  incomparable  convenience  alone  assures  the 
popularity  of  Tuarcs  with  car  buyers. 

The  outside  valve  stems  of  Tuarc  wheels,  the 
obvious  strength  and  quiet  of  the  one-piece  disc  and 
felloe,  and  the  patented  clamping  ring  further  aug- 
ment the  attractiveness  of  these  exquisitely  smart 
steel  wheels. 

Write  for  complete  engineering  data  on  Tuarc 
wheels.     Their  sales  record  also  will  impress  you. 


Motor  Wheel  Corporation,  lansing,  Michigan 

Motor  Vehicle  Wheels  Complete — Metal  Stampings — Steel  Products 

Tuarc 


STEEL  WHEELS 

-a  Motor    Wheel    Product 
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DIRECT   DRIVEN 

TINY    TURBINE 

DRILL   NO.    1 

Weight,  only  2  pounds. 
Capacity,  '  .  "  holes  in 
wood  and  the  softer 
metals.  Speed,  20,000 
revolutions    per    minute. 


These  Remarkable  Tools  Combine 

Scientifically   Correct  Speed, 

Extraordinary  Power, 

Simplicity  of  Construction, 

Fewness  of  Parts, 

No  Vibration, 

Low  Air  Consumption, 

( Air  Consumption   Does   Not   Increase 

with  Time), 
Extreme  Economy, 
Long  Life. 


The  little  turbine,  or  motor,  is  one 
solid  piece  of  metal,  weighing  less 
than  one-half  pound.  It  develops 
almost  unbelievable  power — does 
not  "stall"  even  under  extraordi- 
nary working  conditions.  Being 
suspended  on  ball  bearings,  there 
is  practically  no  friction,  which 
means  unusually  long  wear. 


A  Reduction  in  Costs 

of  drilling  and  grinding  is 
effected  in  every  shop  that  adopts 


T 


URBINE 

A    I     R 

O  O  L  S 


GEARED 

TINY 

TURBINE 

DRILL   NO.   2 


Weight,  only  6  pounds. 
Capacity,  5  16"  holes  in 
metals  of  all  kinds,  and 
*2  "  holes  in  wood.  Speed 
2,000  revolutions  per  min- 
ute. 


\\  rite    for    Catalog    of 
Our  Turbine    lir  Tools 


THE  TURBINE 
AIR  TOOL  CO. 

301    CHAMBER    OF    COMMERCE    BLDG. 


CLEVELAND 
OHIO 


PORTABLE 

AIR 

TURBINE 

GRINDER 


Weight,  only  14*2"  pounds.  Ca- 
pacity, 6"xl'2"  abrasive  wheels. 
Powerful  and  light.  Speed  3,900 
revolutions    per   minute. 
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Alda  (F.  Charon) 

De  Lagt 

De  Launey-Bell 

Farman 

Fsotta-Fraschini 

Minerva 

ard-Pictet 
Rochet-Schneider 

Scap 

Panhard 

Philos 

uc.xUle  et  Hoyau 

Citroen 

Austin 

IVolseley 

Aries  (Chcnard  et 
Walker) 


Standard 

Equipment  on 

Cunninghams 

while  many 

thousands  have 

been  applied  to 

Locomobiles 

Picrce-Arrows 

Pochards 

Cadillacs 

Mercers 

<tudehakcrs 

PI  ud  sons 

and 

many  other 

makes 


CJhe  ONLY  Accessor  Universally 
Accepted  by  the  Worlds  Finest  Cars. 


Professional  men  of  Europe  and  Amer- 
ica— doctors  and  osteopaths — are  find- 
ing that  the  fatigue  after  a  few  hours 
motoring  is  directly  due  to  the  jouncing 
of  the  car  and  vibrations  constantly 
transmitted  to  the  spinal  column. 

The  Hoo-Dye  eliminates  this  motor 
fatigue  and  permits  you  to  ride  in  nerve- 
less, restful  comfort  no  matter  how  long 
the  trip. 


The  Hoo-Dye  is  a  liquid  cushion 
which  exercises  a  positive  control  over 
the  movements  of  the  body  of  a  motor 
car,  compelling  it  to  ride  with  velvet 
ease  and  smoothness  over  any  kind  of  a 
road  at  any  speed. 

The  Hoo-Dye  Hydraulic  method  of 
shock  control,  because  it  has  become  the 
accepted  device  for  ease  and  comfort  in 
riding,  is  stock  equipment  on  the  major- 
ity of  the  finest  cars  made  in  Europe. 


If  motoring  wearies  you  or  makes  you  conscious  of  your  tired  nerves,  send  for 
our  book  "How  Motoring  Shocks  Affect  the  Nervous  System"  by  R.  Kendrick 
Smith,  M.D.,  D.O.,  one  of  America's  foremost  physicians  and  osteopaths.  For 
your  own  health's  sake  you  should  have  a  copy — send  for  it  today  and  learn  the 
health  way  of  motoring.     Ride  easy  with  Hoo-Dye  Hydraulic  Shock  Absorbers. 

The  Houdaille  Company,  1410  West  Avenue,  Buffalo,  N.  Y. 

Manufactured  by  the  Houde  Engineering  Corp. 

Canadian  Distributors:     Canadian  Fairbanks  Morse  Co.,  Ltd.,  Montreal 

Distributors  in  all  large  cities.     Call  Tel-V-Where  for  our  nearest  distributor 

HOO-DYE  SHOCK  ABSORBERS 


(  HOUDAILLE  ) 


HYDRAULIC 


T 


HE    CARTER    Carburetor 

is  now  manufactured  by 

The   American    Car   and   Foundry   Company 


A  N  old  organization  with  a 

record  of  marketing  more 

than    a    quarter    million    plain 

tube    carburetors  —  in    a    new 

affiliation. 

Production  facilities  now  prac- 
tically unlimited  —  purchasing 
power  in  abundance.  These 
factors  have  already  effected 
new  low  costs. 


The  Carter  carburetor,  the  re- 
sult of  years  of  development, 
embodies  the  most  advanced 
application  of  the  plain  tube 
principle. 

Standard  equipment  on  several 
nationally  known  cars,  it  de- 
serves the  consideration  of  ev- 
ery automotive  engineer  and 
purchasing  agent. 


For  tests,  write  or  wire  The  Carter  Carburetor  Corporation, 
2838-42  North  Spring  Ave.,  St.  Louis,  Mo.,  sole  distributors. 
American  Car  and   Foundry  Company,  manufacturers. 


■/Cai-ter\ 
HCfflbmttorB 


Ofte  Carter  Cat  bur e tor 


one  hundred  per  cent  motor  tested 


Showing  proper  install- 
ation of  Ternstedt  Off- 
set Regulator  in  left 
front  door. 


^- 


U.S.  P*1" 


Concentrate  on 
Ternstedt  Proven  Products 


Four  Outstanding  Features  of 
Ternstedt  Window  Regulator  Construction 

The  Clutch,  which  insures  positive  action  both  in  raising 
and  lowering  the  glass  and  automatically  locks  the  glass  in 
any  position. 

The  Main  Gear  and  Spring  Assembly,  which,  with  its  coun- 
ter-balancing spring,  exactly  carries  the  weight  of  the  win- 
dow sash  and  properly  adjusted,  drives  upward  with  a  force 
equal  to  the  weight  of  the  sash.  Noiseless  in  operation. 
Easily  adjusted  to  any  weight  of  sash. 

The  Lift  Pin,  which  permits  of  the  sash  being  readily  disen- 
gaged from  the  regulator  without  removing  the  trim. 

The  Self-Alligning  Sprocket,  which  keeps  the  chain  taut  and 
prevents  its  running  off  the  sprocket.  Should  the  regulator 
not  be  lined  up  true  when  installed,  strain  on  lower  sash  and 
glass  is  relieved,  removing  danger  of  glass  breaking  when  car 
is  in  motion. 

This  log;.cal  and  practical  construction  gives  Ternstedt  Win- 
dow Regulators  the  preference  with  experienced  body  build- 
ers. Their  initial  cost  is  low.  They  cost  little  to  install.  Their 
dependability  is  definitely  proved  in  service. 


TERNSTEDT  MANUFACTURING  CO. 


DETROIT 


Window  Regulators, 
Curtain  Rollers,  Sun- 
shades, Open  and 
Closed  Body  Door 
Locks,  Door  Panels, 
Door  Bumpers,  Anti- 
Ratllers,  Windshield 
Wipers,  Windshields, 
Window  Sash,  Strap 
Hinfces,  Concealed 
Hinfees,  Piano  Hin&es, 


Rear  Deck  Hinfees 
Rear  Deck  Locks, Rear 
Deck  Lid  Braces, 
Channel  and  Shapes, 
Screw  Machine  Pro- 
ducts, Die-Castings , 
All  Kinds  of  Stamp- 
ings. Other  Miscel- 
laneous Automobile 
Body  Hardware. 


Foreign  Representatives 

FOREIGN  TRADERS  COMPANY,  Inc.,  154  Nassau  Street,  New  York  City 

JACKSON-BALANCES,  Limited 

No.  1  Charles  Place,  Drummond  St.,  Euston,  N.  W.  1,  London,  Eng. 

TOM  WILLIAMS,  Esq.,  Moreno  625,  Buenos  Aires,  Argentine  Republic,  S.  A. 


largest  Man  ufacturers  of  ^Automobile 
Body  Hardware  in  the  World 


i  :•-. 
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Fanu-ue  Construction— shou-ing  Aon-  fAe  /ouers  or 
/oArr'c  ore  Aui'//  op,  leaving  the  stronds  of  fabric  In 


each  layer  running  In  a  different  direction 


Always  a  smooth 
even  flow  of  Power 

through  the  disc  ofFanwise  Construction 


LIST  OF   ISERS 

American  British  Mt.  Co. 

Allto  Chalmers  Mfg    Co. 

Anderson  Motor  Co. 

The  Autocar  Co 

Available  Truck  Co 

Barky  Motor  Car  Co    (Roamer) 

Crow-Flkhart  Motor  Corp 

Jas    Cunningham  Son  A  Co 

Dart  Truck  A  Tractor  Corp. 

The  Daurh  Mfg   Co 

Diamond  T  Motor  Car  Co. 

Doane  Motor  Truck  Co 

Elgin  Motor  Car  Corp 

Elgin  Street  Sweeper  Co. 

KaBe.il  Motor  (Co. 

Firth  Ave    Coach  Co. 

H    II    Franklin  Mfg   Co 

i  .arfor.l     Motor    Truck    Co. 

C.ramm-Bernsteln  Motor  Truck  Company 

Handley  Knight 

Hawkeye  Truck  Co. 

Hendrlrkson  Motor  Truck  Co. 

Highway  Motors  Co. 

Holt  Mfg   Co. 

Indiana  Truck  Co. 

International    Harvester    Co.    of   A.,  Inc. 

Internationa]  Motor  Co. 

Jackson  Motors  Corp. 

Kelsey  Motor  Co. 

Kentucky   wagon    Mfg.  Co..    Inc. 

Kenworthy  Motors  Corp. 

King  Motor  Car  Co. 

King  Zcltler  Co. 

Lakrwood  Eng.  Co. 

Larrabee-Deyo   Motor  Truck    Co. 

Lexington  Motor  Co. 

Locomobile  Co 

Menominee  Motor  Truck  Co. 

Mercer  Motors  Co. 

Morrland  Motor  Truck  Co. 

McFarlan  Motor  Co. 

Nelson  A  UMoon 

E  A   Nelson  Automobile  Co. 

Nelson  Motor  Truck  Co. 

DA    Newcomer  Co. 

O'Connell  Motor  Truck  Co. 

Oliver  Tractor  Co. 

Oneida  Motor  Truck  Co. 

Packard  Motor  Car  Co 

Parker  Motor  Truck  Co. 

Patriot  Motors  Co. 
Reliance  Motor  Truck  Co. 

Reo  Motor  Car  Co. 

Reynold>  Motor  Truck  Co 

Root  A   Van    Dervoort    Eng.    Co 

Sanford  Motor  Tru   . 

Pouthwark  Fdy  A  Mach.  Co. 

Sprague  Electric  Co. 

Htoughton  Wagon  Co. 

studebaker  Corp. 

Stute*  Mar  Tractor  Co. 

Templar  Motor*  Co 

Tioga  steel  A  Iron  Co. 

Towmotor  Co. 

Traffic  Motor  Truck  '  orp. 

Transport  Truck  ( !o 

Twin  City  Fo.ir  Wheel  Drive    Co..  Inc. 

:  Motors  Co. 

Walter  Motor  Truck  Co. 

W'ard  l-ii  France  Truck  Corp.,  Inc. 

Watson  Products  Corp. 

Geo.  D.  Whlteomb  co. 

Wichita  Motors  Co. 

II     E    «ll...i   St., tor  Co, 

J   C    Wilson  Co 

Willys-Overland,  Inc. 

pettier  A  Lamaon  Truck  A  Tractor  Co 


THE  fabric  disc  universal  joint  is 
today  standard  equipment  on  hun- 
dreds of  automobiles,  trucks  and 
tractors. 

Cushioning  the  shocks  of  the  road — 
yet  strong  enough  to  withstand  a 
21,000  pound  twist.  Capable  of  go- 
ing 60,000  miles  without  lubrication 
or  adjustment — yet  built  to  stand  the 
hardest  service  on  the  heaviest  trucks. 
These  are  the  remarkable  features 
of  the  Thermoid -Hardy  Universal 
Joint.  They  have  been  made  possi- 
ble by  the  exclusive  Thermoid  method 
of  Fan  wise  Construction. 

Look  at  the  diagram  above.  Notice 
how   the   disc    is   built   up  with   the 
strands  of  each  layer  of  fabric  running 
in  a  different  direction.     Each  sector 
is  of  uniform  strength  and  elasticity. 
Every  stress  is  balanced — 
■ — the   torsional    stresses 
between  the  bolt  holes 
— the  centrifugal  stresses 
from    the   center  out- 
ward 
— the     lateral      stresses 
from  the  forward  and 
back    motion    of    the 
shaft. 


This  means  the  elimination  of 
"whipping"  and  vibration.  It  means 
that  the  shaft  is  held  in  true  on  every 
revolution . 

The  Thermoid-Hardy  disc  type  of 
universal  joint  marks  another  forward 
step  in  automobile  construction. 
Metal  universals  that  need  constant 
attention  and  that  transmit  every 
shock  of  the  road  are  fast  being  dis- 
placed. 

You  should  have  this  book 
—  sent  free  to  any  engineer  or  dealer 

We  have  prepared  a  book,  "Universal 
Joints — Their  Use  and  Misuse,"  that  treats 
the  whole  subject  from  all  its  angles — the 
mechanical  principles  involved,  construction, 
lubrication,  processes  of  manufacture,  tests 
for  strength,  and  records  of  performance. 
Send  for  your  copy  today. 


THERMOID 
RUBBER  COMPANY 

Sole 
American   Manufacturers 

Factory  and  Main  Offices: 
Trenton,  N.  J. 

New  York,  Chicago,  Los  Angeles, 

Detroit,    Cleveland. 

Seattle .      Atlanta ,      Boston , 

London,    Paris,    Turin 


Thermoid-Hardy 

UNIVERSAL  JOINT 

Fanwise  Construction  for  strength 

SMakers  of  "Thermoid  Hydraulic  Compressed  Brake  Lining" 

and  "Thermoid  Crolide  Compound  Tires" 
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". .  .  .  Chain  Driven,  of  Course ! 


— From  an  April  Automobile  Advertiser 


Thus  briefly  the  manufacturer  of  a  leading  automobile 
frankly  accepts  in  his  advertising  what  has  come  to  be 
the  settled  belief  of  automotive  engineers — that  the 
silent  chain  provides  the  best  form  of  cam  and  acces- 
sory drive.  He  also  agrees  with  most  progressive 
manufacturers  in  using  Morse  Chain,  the  dominant 
equipment  today  for  this  feature  of  automobile  motors. 

Assuring  silence,  stabilizing  production  costs,  lending 
to  the  completed  motor  a  smoothness,  a  flexibility,  a 
dependability  not  to  be  had  in  any  other  way,  genuine 
Morse  Chain  solves  a  difficult  problem,  and  gives  to 
an  automobile  just  those  final  refinements  that  dis- 
criminating buyers  demand.  It  makes  the  motor  a 
better  piece  of  engineering;  it  gives  a  sales  appeal  of 
the  greatest  value  today. 

Ask  our  engineers  about  the  value  of  this  equipment 
in  your  motor. 

MORSE    CHAIN    COMPANY 


These  Cars 
Are  Morse  Equipped 


Main  Office  and  Works 
ITHACA,    NEW  YORK 


Sales  and  Engineering  Office 
DETROIT,  MICHIGAN 


Ambassador 

Cadillac 

Chalmers 

Cleveland 

Columbia 

Hudson 

Hupmobile 

Jordan 

Lafayette 

Lincoln 

Moon 

National 

Oakland 

Packard 

Rickenbacker 

Saxon 

Stearns 

Sterling-Knight 

Studebaker 

Templar 

Winton 


MOR 


G  ENUINE 


SILENT 


E 


C  K  AI1M  S 
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SPECIFY    THIS   TIRE  FOR   HEAVY   DUTY 


fopyrlsiit  19".  I'y  The  UooU>var  Tip'  ft  Knbbcr  Co..  Ino. 


The  Goodyear  Ail-Weather  Tread  Solid 
Tire  combines  in  one  truck  tire  the  maxi- 
mum of  tractive  power,  cushioning  qual- 
ity, and  ability  to  wear. 

The  36x10  inch  size,  tor  example,  has  7<>4 
inches  of  gripping  surface  in  the  design  of 
its  famous  All-Weather  Tread  -high,  thick 
blocks  of  rubber  that  bite  into  mud,  slush, 
snow  and  ice,  with  a  grip  that  prevents 
side-slip  and  carries  the  truck  forward 
full  distance  at  every  turn  of  the  wheel. 

Many  users  report  using  Goodyear  All- 
Weather  Tread  Solid  Tires  the  year  'round 
without  chains. 

Thoroughgoing  tests  show  that  in  resilient 
quality,  the  Goodyear  All-Weather  Tread 
Solid  Tire  is  up  to60'  ,  more  resilient  than 
many   so-called   cushion    tires,   and    12% 


more  resilient  than  the  average  "cushion" 
tire. 

It  is  thicker  than  the  ordinary  solid  tire, 
and  the  specially  compounded  rubber  of 
its  tread  wears  down  very  slowly  under 
the  hardest  usage.  When  it  is  worn  smooth, 
it  can  be  re-grooved  quickly  and  at  slight 
expense. 

The  tractive,  cushioning  and  durable 
qualities  of  Goodyear  All-Weather  Tread 
Solid  Tires  save  fuel  and  engine  strain, 
reduce  the  cost  of  engine  and  chassis  up- 
keep, and  keep  the  cost  per  tire  mile  low. 

They  are  factors  for  real  tire  economy  in 
heavy  duty  hauling. 

Guarantee  this  operating  economy  to  your 
heavy  duty  trucks  by  specifying  Goodyear 
All- Weather  Tread  Solid  Tires. 
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New  Departure 

q       Front  Wheel 

ball  Bearings 

The  illustration  shows  New  Departure  Front  Wheel 
Ball  Bearings  as  standard  installation  in  a  leading  make 
of  passenger  car. 

These  bearings  are  the  latest  development,  designed 
particularly  to  function  advantageously  in  automobile 
front  wheels  under  the  peculiar  conditions  of  constant 
road  shock  and  stresses  which  occur  in  that  member. 

They  are   made   of  the  finest   high   carbon 
electric  furnace  chrome  steel  as  against  the 
case  hardened  steel  employed  in  other  types 
of  bearings  used  in  this  position.     Heavy 
races,  large  balls,  and  maximum  number 
of  balls  assure  accuracy  of  form  under 
all    conditions    of    thrust,    radial,    and 
shock  loads  with  least  loss  of  power 
and  complete  freedom  from  neces- 
sity of  adjustment  to  take  up  wear. 

Where  there  is  no  sliding,  there 
is  no  wear.  The  highly  polished 
chrome  alloy  steel  balls  in  New 
Departure  ball  bearings  do  not — 
cannot  slide — therefore,  do  not 
wear,  and  never  need  adjustment. 

A  standard  series  of  these  bearings  has  been  developed 
in  pairs  for  cars  carrying  weights  on  front  wheels  of  950, 
1100,  1250,  1450,  1750,  and  2150  pounds  on  pneumatic 
tires. 

Descriptive  data  and  prices  on  application. 

The  New  Departure  Manufacturing  Company 


Detroit 


Bristol,  Connecticut 


Chicago 


ENT 


Ignition, Starting  and  JJgfiting 


c 


AR  manufacturers  prefer  to  place  their  de- 
pendence in  tried  and  responsible  places. 


Much  is  to  be  obtained  from  "dependability" — 
much  to  be  lost  from  the  lack  of  it. 

The  consistent  performance  of  the  least  impor- 
tant car  unit  is  the  measure,  in  the  owner's  mind, 
of  entire  car  satisfaction. 

Atwater  Kent  products  are  standard  equipment 
on  hundreds  of  thousands  of  America's  best  cars 
— their  acknowledged  quality  dictated  their 
selection — their  "dependability"  assures  their 
retention. 


It's  a  better  car  if  Atwater  Kent  equipped." 

ATWATER  KENT  MFG.  COMPANY 
Philadelphia 

DEPT  s.  4937  STENTON  AVENUE 
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7  hirty-three 
grease  cups  to 
be  filled   by  hand 
at  least  once 
a     need. 


Just  press  this  pedal 

and  thirty-three 

bearings  are 

\    flooded  uith  OIL 

under  pressure 

automatically. 


Which  Car  Will  Get  the  Sale? 


<•  /  HE  Public  demanded  the  Electric  Starter 
J-  and  they  got  it,  because  they  were  tired 
of  the  hand  crank. 

The  Public  is  beginning  to  demand  Automatic 
Chassis  Lubricatjon,  because  they  are  tired  of 
the  tiresome,  dirty  job  of   hand   lubrication. 

The  Average  Car  Owner  simply  will  not  fill 
grease  cups  regularly  enough  to  save  the  chas- 
sis bearings  from  squeaking  out.  But  he  will 
press  a  pedal  once  a  day,  when  that  pedal  is 
located  in  the  driver's  compartment,  accessible 
yet  out  of  the  way. 


And  the  simple  pressure  of  this  pedal  once  a 
day  will  automatically  force  OIL  to  each  and 
every  bearing  on  his  car.  It  will  make  chassis 
lubrication  as  easy  for  him,  as  the  electric 
starter  made  starting. 

ONE  manufacturer  will  adopt  this  modern 
method  of  Automatic  Chassis  Lubrication,  just 
as  Cadillac  adopted  Delco — then  what  excuse 
will  the  other  car  builders  have  to  make  ? 

Imagine  the  Sales  Prestige  the  adding  of  this 
equipment  to  a  car  will  give,  especially  right 
now,  when  the  Public  insists  on   better  cars. 


Write  for  illustrated  booklet  describing  how  the  CHALCO  Auto- 
matic Chassis  Lubricator  eliminates  all  grease  cups  and  oil  cups 
and  makes  chassis  lubrication  as  easy  as  the  starting  of  your  motor. 

CHASSIS   LUBRICATING    CORPORATION,   501  FIFTH  AVENUE,  NEW  YORK  CITY 


(Tialco 


AUTOMATIC 

CHAS  SIS 
LUBRICATOR 


June.    L933 


THE    JOURNAL    OF    Till:    SOCIETY    OF    AUTOMOTIVE     ENG1 


37 


Frictionless  As  Balls 
By  Actual  Test 

An  experiment  has  been  recently  com- 
pleted by  the  manufacturers  of  a  well 
known  electrical  vehicle  in  which  Bock 
Taper  Roller  Bearings  were  placed  in 
competition  with  one  of  the  best  makes 
of  ball  bearings. 

The  Bock  rollers  proved  equally  efficient 
as  the  ball,  the  consumption  of  current 
required  to  operate  on  either  type  of  bear- 
ing being  virtually  the  same,  in  some  par- 
ticulars actually  showing  a  slight  advan- 
tage for  Bock. 

Such  remarkable  efficiency  is  accounted 
for  by  the  spherical  headed  roller  de- 
sign, an  exclusive  Bock  feature,  and  the 
extraordinarily  precise  manufacturing 
processes  employed. 

This  experiment  proved  conclusively  that 
the  Bock  Patented  Taper  Roller  Bearing 
combines  the  efficiency  of  the  ball  bearing 
with  the  ruggedness,  increased  capacity 
andadjustability  of  the  taper  roller  bearing. 


THE  BOCK  BEARING  COMPANY 

TOLEDO,  OHIO 


BOCK 

Quality    TAPER    ROLLER 

BEARINGS 
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In  Rear  Wheels  and  on  Differentials  and  on  Pinions  and  Worms 


IN  REAR  WHEELS  OF  — 

A.-.-.  ,n 


Ace 

Acme 

\hr  -ns-Fox 
Ambassador 
American- 

La  France 
Apex 
Apperson 
Armleder 
Atterbury 
Autocar 
Available 
Avery 
Beggs 
Bessemer 
Brewster 
Brinton 
Brock  way 
Cadillac 
Chicago 
Cleveland 
Clydesdale 
Collier 
Columbia 
Commerce 
Commercial 
Concord 
Crawford 
Crow- 

Elkhart 
Cunningham 
Daniels 
Dart 
Davis 
Dearborn 
Defiance 
Detroit 

Electric 
Diamond  T 
Dixie  Flyer 
Doane 
Dodge 

Brothers 
Dodge 

Bros  Tr 
Dorris 
Dorris  Tr 
Driggs 
Durant 
Elcar 
Essex 
Eugol 
Fageol 
Federal 
Fifth  Ave- 
nue Bus 
Fox 

Garford 
Gary 
G  M  C 
Graham 

Brothers 
Grant 
Gray 
Halm 
Hal-Fur 
Hall 
Handley- 

Knight 
Hanson 
Hendrickson 
Holmes 
Hudson 
Hi  Oman 
Internat'nal 

Harvester 
Jackson 
Jewett 
Jordan 
Kelly- 

Sprlngfld 
Klng- 

Zeitler 
Kissel 
Kissel    Tr 
Kleiber 
Koehler 
La-Fayette 
Lansden 
Leach- 

Blltwell 


Liberty 

Lincoln 

Loco  mob  tte 

Luverne 

Maccar 

Mark 

Maibohm 

Master 

Maxwell  Tr 

McDonald 

McFarlan 

Menominee 

Mitchell 

Moon 
Moreland 

Napoleon 

Nash  Tr 
National 

Steel  Car 
Nelson  & 
Le  Moon 
Netco 
New  York 
Niles 
Noma 
Ogden 
Ohlsmobile 

Tr 
Old  Reliable 
Oneida 
Packard 
Packard  Tr 
Paige 
Pan- 

A  merican 
Parker 
Piedmont 
Pierce- 

Arrow 
Pierce- 

Arrow  Tr 
Premier 
Pri-mocar 
Rainier 
Ranger 
Rauch~& 

Lang 
Reliance 
Reo 

Republic 
Riddle 

Coach 
R&VKnight 
Sandow 
Sayers 
Sayers  Tr 
Schacht 
Seagrave 
Selden 
Seneca 
Service 
Signal 
Singer 
Standard 
Standard  Tr 
Star 
^uiihens 
Sterling 
Studebaker 
Sullivan 
Superior 
Tarkington 
Three  Point 
Tower 
Twin  City 
Velle 
Victor 
Walker- 
Johnson 
Walt  ham 
Ward- 
La.  France 
Westcott 
White 

Hickory 
Wilson 
Winther 
Win  ton 
Witt- Will 
Wolverine 
Yellow  Cab 
Young 


ON 


Acason 
Ace 
Acme 
All- 
American 
Ambassador 
Armleder 
Atterbury 
Auburn 
Autocar 
Available 
Beggs 
Bessemer 
B-thl  ■  h-.-m 
Uour-Davis 
Brinton 
Buick 
Cadillac 
Case  Tr 
Chandler 
Chicago 
Cleveland 
Clinton 
Clydesdale 
Collier 
Columbia 
Commerce 
Concord 
Crawford 
Cunningham 
Daniels 
Dart 
Davis 
Dearborn 
Defiance 
Diamond  T 
Doane 
Dodge 

Brothers 
Dodge 

Bros  Tr 
Dorris 
Douglas 
Driggs 
Durant 
Elcar 
Essex 
Eugol 
Fageol 
Federal 
Fox 

Garford 
Gary 
GMC 
Graham 

Brothers 

£ay 


DIFFERENTIALS  OF 

Hahn 

Hal-Fur 

Hall 

Hamilton 

Handley- 

Knight 
Hanson 
Hendrick- 
son 
Holmes 
Hudson 
Huffman 
Internat'nal 

Harvester 
Jackson 
Jewett 
Jordan 
Ketly- 

Spnngfld 
King- 

Zaiiler 
Kissel 
Kissel  Tr 
Kleiber 
Koehler 
LaFayett^ 
Lansden 
Larrabee 
Leach- 

Bi It  well 
Liberty 
Lincoln 
Luverne 
Maccar 
Mack 
McDonald 
McFarlan 
Menominee 
Michigan 

Hearse 
Moon 
Moreland 
Napoleon 
Nash  Tr 
National 

Steel  Car 
Nelson    it 

Le  Moon 
Netco 
New    York 
Niles 
Noma 
Ogden 
Oldsmoblle 
Oldsmobile 

Tr 


3N  PINIONS  AND  WORMS  OF- 


Packard 
Paige 
Pan- 
American 

Parker 

Peerless 

Piedmont 

Premier 

Premocar 

Rainier 

Ranger 

Reliance 

Reo 

RuoTr 

Republic 

Riddle 

Coach 
Roamer 
R  &  V 

Knight 
Sandow 

Savers  Tr 
Selden 
Service 
Signal 
Standard 
Standard  Tr 
Star 

Stephens 
Sterling 
Studebaker 
Sullivan 
Superior 
Tarkington 
Three  Point 
Tower 
Twin  City 
V-lie 
Victor 
Walker- 
Johnson 
Walt  ham 
Ward 
Ward- 
La  France 

W*>3tCOtt 

White 
Hickory 

Willys- 
Knight 

Wilson 

Winther 

Winton 
tt-Will 

Yellow  Cab 

Young 


Acason 

Ace 

Acme 

AI1- 

A  merican 

Ambassador 

Apex 

Apperson 

Arml>-der 

Atterbury 

Autocar 

Available 
Avery 

Beggs 

Bessemer 

Bethlehem 

Bour  -  Davis 

Brinton 

Brock  way 
Cadillac 

Case  Tr 
Chandler 
Chicago 
Cleveland 

Clinton 

Clydesdale 

Collier 

Columbia 

Columbia  Tr 

Commerce 

Concord 

Crawford 

Cunningham 

Daniels 

Davis 

Dearborn 

Defiance 

Diamond  T 

Diehl 

Dodge 

Brothers 
Dodge 

Bros  Tr 
Dorris 
Dorris  Tr 
Dort 
Douglas 
Durant 
Essex 
Eugol 
Fageol 
Federal 
Fox 

Gardner 
ax  ford 
Gary 


GMC 
Graham 

Brothers 
Gray 
Hahn 
Ha  I -Fur 
Hall 
Handlev- 

Knight 
Hanson 
Hendrickson 
Holmes 
Hudson 
Huffman 
Int'.rnafnal 

Harvester 
Jewett 
Jordan 
Kelly- 

Springfld 
King- 

Zeitler 
Kissel 
Kissel  Tr 
Kleiber 
Koehler 
Lansden 
Leach- 

Biltwell 
Liberty 
Lincoln 
Luverne 
Maccar 
Mack 
Master 
Maxwell  Tr 
McDonald 
McFarlan 
Menominee 
Michigan 
Hearse 
Moon 
Moreland 
Nash  Tr 
National 

Steel  Car 
Nelson  & 

Le  Moon 
Netco 
New    York 
Niles 
Noma 
Ogden 
Oldsmobile 

Tr 
Oneida 


Packard 

Paige 

Paige  Tr 

Parker 

Peerless 

Piedmont 

Premier 

Premocar 

Rainier 

Ranger 

Reliance 

Reo 

Reo  Tr. 

Republic 

Rnlale  Coach 

R&VKnight 

Roamer 

Sandow 

Sayers 

Selden 

Service 

Signal 

Southern 

Standard 

Standard  Tr 

Star 

Stephens 

Sterling 

Studebaker 

Sullivan 

Superior 

Tarkington 

Three   Point 

Tower 

Twin  City 

Velie 

Victor 

Walker- 
Johnson 

Walt  ham 

Ward 

Ward- 

L>a  FVance 

Westcott 

White 
Hickory 

Wilson 

Willys- 
Knight 

Winther 

Winton 

Witt-Will 

Yellow  Cab 

Young 


It  is  more  than  good  fortune 
or  mere  coincidence  that 
the  first  twenty  successful 
motor  car  and  motor  truck 
builders  that  come  to  your 
mind  have  constantly  and 
extensively  utilized  Timken 
Tapered  Roller  Bearings 


ROLLER   BEARINGS 
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and  in  Transmissions  and  in  Front  Wheels  and  in  Steering  Pivots 


Timken  dominance  is  estab- 
lished—68,000,000  Timken 
Bearings  installed  to  date! 

Herewith  is  graphically  pre- 
sented "The  Company  Tim- 
ken Keeps"—  and  where! 

TheTimken  Roller  Bearing  Co 
CANTON.    OHIO 


IN  TRANSMISSIONS  OP    — 


IN  FRONT  WHEELS  OF 


>on 

*i    |    X 

\i  Hilt  ilrr 

Ambassador 

AlUtbuty 

ivailabli 

Bessemer 

Bets 

Big    4 

Brlnton 

Brockway 

Case  Tr 

Chicago 

Cl>desdale 

Columbia 

Commerce 

Corbltt 

Cran  ford 

I'unmnghjjn 
Dart   . 
Davis 
Day-Elder 
Os  Martini 
Dosne 

i  i..  -..  abnrg 

Duponl 
Lugol 

i     ,!*.    "1 

Fifth  Ave- 
BUS   Bus 
Oarford 
Gray 
Hahn 
Hal-Fur 
Hall 

Hnndloy- 

Kmghl 
Hebb 
Holmes 
Indiana 
Internat'nal 

Harvester 
Jones 
Jumbo 
King- 

/..  itlsr 

KlHber 
Koeblcr 


;  urahw 

Liberty 
Maccar 
Mack 
Master 
McFarlaa 
Moon 
National 
National 
Steel  Car 

Le  Moon 
N.tco 
Ogclen 
Oshkosh 
Paige  Tr 
Parkl  r 
Revere 
ittckcn- 

backer 
Riddle 
i.    .i in-  r 

Ilowe 
RugglM 

Sandow 

Selden 

Service 

Signal 

Standard 

Sterling 

Stoughton 

Studebnkw 

Sullivan 

Pnrei    Point 

Traylor 
Twin  City 
S  Tr 

\  -  ■  ■  I. mkI 

Vulcan 

Walker- 
Johnson 

Walt  ham 

Ward- 

L*.  France 

Wvstcott 

Wilcox 

Winther 

Wlnton 

Wolverine 

Witt- Will 

Y allow    Cab 


Acason 
Ace 
Acme 

Ahrens-Fox 
Ambassador 
a  it:,  i  lean* 
La  France 

Anna 

ApptTSOn 

Armlsdsr 

Att«  rbury 

Atlas 

Auburn 

Au  toi  af 

Wallable 

Beck 

Bcggs 


I., 


.  in-  r 


Bt  t  M.  hi  m 

Bour-Davls 

Brewster 

Brlnton 

Bi  och « ay 

Cadillac 

Cast-   Tr 
Chandler 
Chevrolet 
ChsvroletTr 
«  hlcajTo 

CISVI  Is  "id 

CI  irdesdale 
Collier 

Columbia 
Columbls  Tr 

Cuninn  r .  .- 
Commercial 

i  '..in  i.rd 

Crawford 

Crow- 
Elkhart 

Cunningham 
Daniels 

Dart 
Davis 

Dearborn 

Di  1 1 

i  ienb) 

Dependable 
Detroit 
Electric 

Diamond  T 
Dixie  Flyer 

Doane 
Dodge 

Brothers 


■ 

BrosTr 
Don 
Dorrls 
Drlggs 
1'ur.tnt 
|  Bj] 

Elcar 
Essex 

Eugol 

I  "..i  '  -'I 

r"od<  ral 

Fifth  Ave- 
nue Bus 

Ford 

Ford  Tr 

Fox 

Fulton 

Gardner 
tarford 

Gary 

G  M  C 

Graham 
Brothers 

Gray 

Hahn 

Hal-Fur 

Hall 

Handley- 
Knlffbt 

Hanson 

Hendrickson 

Holmes 

Hudson 

Uupmoblle 
idepi  ndent 
Motors  Co 

Independent 
M  Tr  Co 

Internat'nal 
Harvester 

Jewett 

Jordan 
Jumbo 
Kalamazoo 
Kelly- 

Springf'M 
King-Zeltler 
Kissel 
Kissel  Tr 
Kit i  be  r 

_.  jbler 

i,. i N-.i.  a 

Leach- 

iliwell 


LflPayi  tts 
Liberty 

Liiutln 
L.   M.  C. 
Locomobile 
Lu.  ding- 

h.iu-. 
Maccar 
Hack 
Malbohm 

Harmon 

M.I.M.   I 

Maxwell 
Uaxwi  11   Tr 
UcDonsld 
UeFarlan 

Menominee 

Hitch  ell 
Moon 

Mortland 
Napoleon 
Nash  Tr 
National 
Nelson  & 

Moon 
\  e  1 1 1 1 
New    York 
Niles 
Noma 
Ogden 
Oldsmoblle 

Tr 
Overland 
Packard 
Packard  Tr 
Paige 

Paige  Tr 

Pan- 
American 

Parker 

Peerless 

Piedmont 

Pierce- 
Arrow 

Plerce- 

Arrow  Tr 
Premier 
Premocar 

Quaker  City 

Halnler 

Banger 
ltaueh    &. 
Lang 
.elianco 


Reo 

I teo  Tr 
Republic 
Koamer 
Ruggles 
It  &  V 

Knight 
Sandow 
Saxon 

Bayers 

Schacht 
Schwartz 
Seagrave 
S<  Iden 

Seneca 
Service 
Signal 
Singer 
Standard 
Standard  Tr 
Star 

Stephens 
Sterling 
studebaker 
Sullivan 
Superior 
TarkiDglon 
Three    Point 
Titan 
Tower 
Traffic 
Transport 
Twin    City 
U   S  Tr 
Velie 
Victor 
Walker 
Walker- 
Johnson 
Wall  ham 
Ward 

Ward- 
La  France 
Westeott 
White 

Hickory 
Wilson 
Willys- 
Knight 
Winther 
W  i  n  t  on 
Witt-Will 
Wolverine 
Yellow   Cab 
Young 


baa,. 


-IN  STEERING  PIVOTS  OF- 
Acason 
Ahrens-Fox 
Ambassador 
Attarbury 
Autocar 

A  v, ill. tl.lv 

Brlnton 

I  ■)    i  ..     I.   \\   .iy 

Cadillac 

Chicago 

Clinton 
■ 
Collier 

Concord 

Cunningham 

I  Ml.i.l.S 

Den  by 
Diamond  T 
Fagcol 
Federal 
Garford 
■ 
Gotfrledson 
CMC 

Hahn 

Hal-Fur 

H.ill 

Hendrick- 
son 

Holmes 

Kelly- 

Sprlngfld 

King- 
Zeltler 

Kissel 

ki.  iber 

LaFayette 

Lang 

Leach- 
Blltwell 

Lincoln 
Locomobile 
Maccar 
Mar  m  on 
Master 

UeFarlan 

Mo  re  I  and 

National 
Steel  Car 

Nelson  & 
LeMoon 

Netco 

New  York 

Niles 

Oneida 

Paige 

Pan- 
American 

Premier 

Rainier 

R&  V 
Knight 

Sandow 

Bayers 

Seagrave 

Selden 

Service 

Signal 

Singer 

Standard  Tr 

Sterling 

rlebaker 

Sullivan 

To  W  e  r 

Twin  City 

Victor 

Walker- 
Johnson 

Walker 

Ward- 
La  France 

WestCOtt 
White 

1 1  irkory 
Wlllys- 

Knight 
Wilson 
Winther 
Witt- Will 
Young 


U 
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Members'  Professional  Cards 


Ethel  bert       Fa  vary 

(Author  of  "Motor  Vehicle  Engineering"  for  Designers) 
Consulting?     Development     Designing:     Research 

Engines  and  Chassis  Redesigned  for  Quantity  Production. 
Tests  of  automotive  machines,  devices  and  strength  of  materials. 
Most   modern  and  complete  Testing-   Laboratory. 

Cooper  Union,   3d  Ave.    and   6th  St.,  New   York 


C.  T.  Schaefer 

(Author   of   Motor    Truck   Design   £   Construction) 

Consulting,  Design  and  Development 
Passenger    Car    and    Truck    Design 

2641  Russell  Ave.  ST.  LOUIS,  MO. 


Chu. 

u 

Manlj. 

A. 

H. 

M.    I 

a 

i 

*.. 

Manly  and  Veal 


Veal. 
S.    M 


I  Consulting   Bnffineers) 

mechanical — automotive — industrial 
Coordination  of  engineering  and   manufacturing  requirement*  In   the  design, 
production  and  operation  of  automotive  power  plants  and  vehicle* 

Deilgn,  Development,  Specifications,  Organization, 

Inspection,   Investigation,  Tests  and  Reports 

2©0  Weat  64th   Street,  New  York  City. 


STUMPFLOW  DESIGN 

Of  Complete  Automotive  Power  Plants 

Licenses  under  Patenta  of  Prof.  J.  Stumpf, 

STLMPF    UNA-FLOW    ENGINE    CO.,    Inc. 

20G   E.   Genesee   St.,    Syraense,   W.    Y. 


S.  A.  E..  New  York      A.  S.  M.  E.,  Sew  York.         I.  A.  E.,  London 

Cornelius  T.  Myers,  M.  E. 

CONSULTING    ENGINEER 

Reports  —  Design — Tests  —  Development 

Magazine   Oiling    Systems   for    Springs.    Shackles   and   DnlTeratl   Joints 

EAHWAI    NATIONAL   BANK   BLDG.  RAHWAT,    N.   J. 


S.     A.     M. 
A.  H.   T.  A. 


O.  E.  Szekely 

MOLINE,  ILLINOIS 


N     O.  ■.  A. 
N.    I.    V.   A. 


Mechanical  and  Automotive  Engineer. 

Engineering  and  Laboratory  Departments.  Complete  Experimental  Equip 
.nent.  Testing  Machines.  Universal  Machine  Shop  and  Pattern  Shop  for 
Single    Piece   Reproduction    of  Our  Designs. 


THE  G  &  O  MANUFACTURING  CO. 

Tubular    and   Honeycomb    Radiators 
NEW    HAVEN  CONN. 


EMM 


Laminated  Shims  are  made  of  thin  layers  of  brass, 
which  are  peeled  oft  to  secure  the  thickness  re- 
quired for  accurate  bearing  adjustments.  Furnished 
babbitt-faced  or  plain.  In  standard  patterns  or  to 
order. 


LAMINATED  SHIM  CO.,  Inc. 

14th   St.   and   Governor  PI., 
Long  Island  City,  N.  Y. 
Detroit:    Dime   Bank    It  u  Mr]  in- 
St.  Lonis:  Maznra   Mfg.   Co. 
Chicago:   HIS    So.  Michigan  Ave. 


June 
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Note  the  adaptability  of  this 

Alloy  Steel  For  Chassis  Parts 


The  alio,/  steels  of  the  UMA 
shrn.s  nlso  include  several  other 
a/Kili/nes  covering  nearly  , 
degree  of  strength  ami  hard- 
nest.  We  also  jtrodnrn  niektl, 
chronti  n irk*  I ,  vanadium, 
riKilg/'J*  itnm  ami  tptcial  anal* 
y$es  steels,  tpteial  high  finish 
automobile  thtttt  ami  hot 
mil,, I  strip  steel. 


Steels  yielding  a  wide  range  of  tensile  strength  are  re- 
quired for  the  numerous  constructional  parts  of  the  automo- 
bile chassis. 

One  of  the  outstanding  achievements  of  our  alloy  steel 
mills  has  been  the  production  of  UMA-2,  (one  of  the  UMA 
series),  a  steel  which  by  a  single  temperature  change  in  heat 
treatment  can  be  made  to  yield  any  strength  from  95,000 
pounds  to  200,000  pounds  per  square  inch. 

To  the  production  manager  charged  with  the  economical 
production  of  chassis  parts  of  unvarying  quality,  UMA-2 
means  fewer  steels  to  be  carried  in  stock  and  much  greater 
ease  and  uniformity  in  machining  and  heat  treating  opera- 
tions. 

Write  to  us  for  information  regarding  the  adaptability  of 
UMA-2  steel  for  such  parts  as  Axle  Shafts,  Front  Axles,  Pis- 
ton Rods,  Crank  Shafts,  Connecting  Rods,  Drive  Shafts, 
Steering  Arms,  Knuckles,  Studs,  Bolts,  Xuts,  etc.  We  will 
gladly  mail  on  request  photographic  chart  showing  physical 
properties  and  analysis  of  this  water-quenching  alloy  steel. 

The  Central  Steel  Company 

MASSILLOX,  OHIO 
Detroit,      Syracuse,        Philadelphia,      Chicago 


Cleveland, 
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earmt 


It  is  not  difficult  to  make  a  ball  bearing. 
But  a  good  bearing  is  a  distinct  achieve- 
ment. The  Schatz  Universal  Annular 
Ball  Bearing  embodies  exclusive  features 
of  design  and  the  highest  manufactur- 
ing practice. 

Specify   the   bearing  with  a  margin   of 
safety — Schatc  Universal. 

The    Federal    Bearings    Co.,    Inc. 
Poughkeepsie,     N.  Y. 


Schatz 
UNIVERSAL 


June,  1922 
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e  MOLD 

Molding  with  Bakelite  insures  quantity  production 
without  waste  of  material  or  time.  The  element  of 
loss  due  to  building-up  processes:  machining,  drill- 
"ng,  tapping,  and  final  assembling,  is  greatly  de- 
creased; and  spoilage  reduced  to  the  minimum. 

From  the  simplest  to  the  most  elahorate  Bakelite 
pieces,  assembling  is  dime  in  the  mold.  Metal  in- 
serts, turned  out  by  automatic  screw  machinery, 
are  dropped  into  place  before  the  Bakelite  Molding 
Material,  in  powder  or  sheet  form,  is  placed  in  the 
mold. 

Subjected  to  heat  and  hydraulic  pressure,  the 
Bakelite  material  fluxes  to  the  exact  form  of  the  die, 
embracing  all  of  the  inserts.  Under  the  continued 
application  of  heat  and  pressure  it  hardens,  and  is 
then  expelled  from  the  mold,  finished,  down  to  the 
very  last  detail.  Even  the  high  polish  is  acquired 
during  the  molding  process. 

This  is  20th  Century  production — an  answer  to 
many  vital  manufacturing  problems  today.  Have 
you  considered  Bakelite  in  connection  with  your 
product? 

GENERAL   BAKELITE  COMPANY 

8  WEST  40TH  STREET,  NEW  YORK  N.  Y. 

We  welcome  inquiries  from  manufacturers  and  maintain  a 
research  laboratory  for  the  working  out  of  new  applications. 

3006-B 


•> 


BAKELITE 

Some  of  its  Properties 
Infusible  High  dielectric 

Insoluble  Non-hygroscopic 

Of  great  mechanical  strength 

Chemically  inert 

Resistant  to  moisture,  steam, 

most  acids  and  chemicals 

Will  not  bloom  or  fade 

Specific  gravity  1.35 


••'  • 


•."'■■' 
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The  New  Stutz  "D-H"  Engine 

A  recent  semi-official  test  on  the  Indianapolis 
Speedway  showed  the  following  remarkable 
record:  65%  increase  in  power;  speed  range  on 
high  5  to  90  miles  an  hour;  90%  increase  in  ac- 
celeration from  10  to  60  miles  an  hour;  a  25% 
increase  in  gasoline  economy  indicated;  highest 
economy  maintained  through  40%  of  speed  range. 


£ 


HexD  Stutz  Motor,  MoquWElguipped 
Shouts  65%  Increase  In  Pouter 


The  Stutz  is  another  of  these  outstanding,  rugged 
American  cars  that  have  firmly  entrenched 
themselves  as  standard  values  in  the  world  of 
fine  automobiles. 

The  sensational  performance  and  success  of  the 
new  Stutz  models  with  the  new  "D-H"  engine, 
can  only  be  due  to  perfect  engineering,  material, 
parts  and  workmanship. 


Mogul  Motor  Bearings  are  standard  equipment 
on  these  powerful  engines  as  they  have  been  on 
previous  Stutz  engines.  In  fact  Mogul  Motor 
Bearings  are  invariably  found  associated  with 
power  plants  of  long-standing,  recognized  merit. 
And  what  is  more  significant  is  the  fact  that 
Mogul  Bearings  have  gained  such  recognition 
not  only  in  the  automotive  field,  but  likewise  in 
the  aircraft,  marine  and  stationary  engine  fields. 


It  stands  to  reason  that  motor  bearings  that  have  made  good  in 
every  field  in  which  motor  bearings  are  used,  must  have  genuine 
merit.  Automotive  engineers  choose  Mogul  Motor  Bearings  purely 
on  their  well  known  records  of  performance. 


MUZZY-LYON  COMPANY 


Bearing  Alloys  and  Finished  Bearings 
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While  at  the  S.  A.  E.  Convention  you  are 
cordially  invited  to  inspect  the  new 

Torbensen  Bus  Axle 

It  will  be  displayed  at  Torbensen  Headquarters 


It  is  a  new  type  of  wide  tread  motor-bus 
axle,  of  the  Torbensen  patented  I-beam 
construction,  designed  to  meet  the  re- 
quirements of  all  types  of  motor-bus  work. 


Oil  Enclosure 

ALL  GEARS  AND  BEARINGS  ENCLOSED 
AND  OIL  LUBRICATED 


All  Engineers  considering  the  building  of  wide 
tread  motor-buses  will  be  interested  in  this  axle. 


THE  TORBENSEN  AXLE  COMPANY 

CLEVELAND 


OHIO 
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TRUCK  TIRES 

m  One 

THE  nation  wide  topic  of  talk  among 

owners  and  drivers  of  trucks — 

THE  GOODRICH  SEMI-PNEUMATIC. 

The  solid  tire  with  the  air  chamber  center. 
Two  truck  tires  in  one,  solid  combined  with 
pneumatic.  Air  space  where  you  need  it;  solid 
rubber  where  you  must  have  it. 

To  see  Goodrich  Semi-Pneumatics  at  work 
on  a  truck  is  to  know  them  at  once  for  the 
greatest  contribution  to  the  truck  in  years. 

Think  of  it.  All  the  puncture-proof,  heavy- 
duty  durability  of  solids  with  none  of  their 
drawbacks. 

Most  of  the  smooth-running,  easy-riding  resil- 
ience of  pneumatics,  yet  none  of  their  risks. 
Semi-Pneumatics  multiply  the  work  one  truck 
can  do — the  amount  of  work  and  the  variety 
of  it. 


Write  for  the  full  story  of  the  tire 
that  is  revolutionizing  old  ideas  of 
truck  service.  Ask  for  our  booklet, 
"Two  Truck  Tires  In  One." 


1 


F.  GOODRICH    RUBBER  CO. 

Akron,  Ohio 


This  new  tire  is  fully  described  in 
the  illustrated  booklet,  "Two  Truck 
Tires  In  One."     Send  for  a  copy. 


Goodrich 

TRUCK  TIRE 


There  are  Goodrich  Distributors  in  all  large 
cities  and  truck  centers,  and  their  friendly, 
efficient  co-operation  is  a  vital  service  in  keep- 
ing your  truck  at  work. 


Character 
in  Switch  Design 

The  beauty  of  this  new  Remy  glass  faced 
switch  is  not  the  only  attraction.  There  are 
other  inbuilt  features  of  design  that  make  its 
performance  equal  to  its  appearance. 

From  the  handy  levers,  glass  front,  and  con- 
veniently arranged  etched  dial,  right  through 
to  the  terminals,  the  Remy  switch  has  dis- 
tinctive character.  It  is  built  as  carefully  as  a 
high-grade  time-piece  and  worthy  of  the  con- 
spicuous position  it  commands  on  the  instru- 
ment board. 

Neat  appearing  and  precise  as  it  may  be  there 
is  nothing  delicate  about  its  construction  be- 
cause we  build  this  switch  to  give  the  same 
dependable  service  as  all  other  Remy  equip- 
ment. 


STARTING     LIGHTING     IGNITION     SYSTEMS 

REMY    ELECTRIC    COMPANY  ANDERSON.    INDIANA 


^B     1 

agaff 


Something  Net*  and  Better 

To  automotive  engineers,  interested  in  body  design  and  con- 
struction, the  Vanitj  and  Smoking  Cases  pictured  on  this  page 
wffl  claim  particular  attention.  These  NEW  Shepard  cases 
are  a  distinct  innovation.  Though  having  every  appearance  of  fine 
wood  cases,  they  are  not  wood,  hut  a  special  composition  material 
\ll  ,|„.  worthwhile  features  of  wood  cases  are  carefully  embodied 
with  the  added  advantage  of  much  greater  durabtltty  Even  tie  a  - 
ural  irrain  of  the  wood  case  is  accurately  reproduced.  The  finish  is 
smootiier  and  more  lustrous  and  will  not  so  easily  mar -oi jcratch- 
Most  important,  they  can  be  made  to  sell  for  a  much  lower  feure 
than  wood.  Ca.es  are  illustrated  actual  size.  They  may  be  had  in 
n.ahoianv.  walnnt,  or  ebony  finish.  To  those  engineers,  who  desire 
,„  know  more  about  these  NEW  Shepard  eases,  we  will  be  glad  to  give 
complete  particulars,  together  with  prices. 


SHEPARD    ART    METAL    COMPANY 

2821   East  Grand   Boulevard.  Detroit,  U.  S.  A. 
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INTERIOR      FITTINGS      FOR      AUTOMOBILE      BODIES 
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CARRIES  THE  LO^ 


**KES  THE  THRUST   I 


EVERY  Bower 
Roller  Bearing  is 
alike  in  quality  of  ma- 
terial and  degree  of 
manufacturing  accuracy. 

Pre -determined  stand- 
ards and  careful  inspec- 
tion regulates  that. 


Exclusive    Bower    Features 

Separate  bearing  surfaces  for  load  and 
thrust.  Parallel  raceways.  Self-align- 
ink'  Never  need  adjusting.  Does  not 
;>  end  thrust  under  loads.  Will 
not    bind    or    end-slip. 
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RICH  TOOL  COMPANY 


Railway  Exchange  Bldg.,  Chicago,  111. 


Kresge  Building,  Detroit,  Mich. 


The  cuts  below  represent  valves  used  in  some  of  the  best  known  present  day  Aero- 
plane, Motor  Boat  and  Racing  Automobile  Engines.  They  are  all  products  of  this 
Company  and  most  of  them  have  been  produced  in  large  quantities  and  have,  therefore, 
been  thoroughly  tested  in  service. 

Needless  to  say,  they  are  all  Tungsten  Steel,  but  we  also  make  one-piece  forged 
valves  of  all  other  commonly  used  Alloy  Steels,  in  the  manufacture  of  which  we  exer- 
cise the  same  care  as  is  used  in  our  Tungsten  Valve  materials. 

One  of  the  newer  types  of  valves  which  we  have  been  making  in  very  large  quanti- 
ties for  the  past  two  years  is  our  Hi-Chromium  Valve,  which  has  some  very  remarkable 
properties.  It  is  for  some  purposes  an  excellent  valve  and  we  solicit  inquiries  from 
those  who  are  troubled  by  a  persistent  burning  away  of  the  seats  of  the  valves  in  their 
motors. 

We  also  have  a  material  called  Cobalt-Crom  that  possesses  the  qualities  of  High- 
Chromium  as  relates  to  resistance  to  burning,  together  with  a  resistance  to  abrasion  or 
wear  and  a  strength  when  red  hot  more  nearly  comparable  to  that  of  High-Tungsten. 
This  material  offers  excellent  promise  of  good  results  in  engines  running  for  long  periods 
under  heavy  load  without  attention,  such  as  marine  motors  and  tractor  motors. 


Our  Engineering  Department  is  at  your  service  on  all 
questions  concerning  suitability  of  material  and  design. 


Juiif,   IMS 
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Babbitt-Lined  Bronze  Bearings 


Every  Hoyt  Babbitt-Lined  Bronze  Bearing  is  really  a  piece  of  finished  mechanical  art. 
It  is  a  perfected  product  that  meets  high  mechanical  and  chemical  standards,  because 
every  detail  of  its  manufacture  is  carefully  regulated  and  checked  by  workers  trained  to 
appreciate  the  vital  need  of  thoroughness  and  accuracy.  Send  us  your  specifications  for 
estimate,  or  call  on  us  for  any  bearing  information  or  data  you  may  require. 


,* 


HOYT    METAL    COMPANY 

Boatmen's  Bank  Bldg.,  St.  Louis,  Mo. 

Chicago  —  Detroit  Toronto  London 


J3ronge~ 


Established 
1873 


eanngs 
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First  to  make  a  tapered 
roller  bearing  that  dis- 
tributes the  radial  load 
over  the  ENTIRE  length 
of  the  rollers 


UP 


ROLLER 


THE  GILLIAM  MFG.  CO. 


Canton,  Ohio 


ALLOY    Steel 
THROUGHOUT 


XHB   JOURNAL    OFTHE    s,,,„,TV    ,  „,    .„,,,„„.,.„,     „„,„, 


Wills -Saint  e  Claire 
have  chosen  the 

SPAR  TON 

as  standard  equipment 


THE  SPARKS -WITHINGTON  COMPANY 
JACK  S  ON,    MICHIGAN 
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Originators  and  pioneers  of 
plain  bearing,  self  lubricating 

fans 


Service  fans  retain  their  oil  by  mechan- 
ical means  and  do  not  rely  on  washers. 
Every  moving  part  is  lubricated  under 
pressure,  thus  insuring  practically  no 
wear.  The  result  is  a  silent  bearing, 
the  fan  giving  maximum  cooling  with  a 
minimum  of  power  consumption. 

Patent  Oct.  20,  1920. 


We  have  a  fan  for  every  make  of  motor.  Our 
engineering  department  will  be  glad  to  help  you 
with  your  cooling  problem. 

Service  Products  Corporation 

Indianapolis,  Indiana 


♦   ,i    ♦     r    ♦ .  i  ■♦    i    ♦    x    ♦    x    ♦    x    ♦    i 
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Six  Factors 


Responsibility 


The  Third  Factor— 

Our  Low  Costs 

OUR  ability  to  pay  cash,  plus  our  time- 
built  knowledge  of  what  to  buy  (we 
have  been  coach  builders  for  more  than  sixty 
years)  materially  aids  in  combining  remark- 
ably high  value  with  remarkably  low  costs. 

For  well  over  60  years  we  were  builders  of  fine 
coaches  and  later  of  electric  automobiles — a 
rich  background  of  experience  that  has  stood 
us  in  good  stead  in  building  fine  bodies  on  a 
quantity  production  basis.  The  fund  of  knowl- 
edge thus  attained  is  necessarily  beyond  the 
reach  of  the  manufacturer  launching  right  into 
body  building  from  the  first. 

This  60  years  of  Know-How  is  at  once  your 
protection  and  your  profit — (and  it  is  inci- 
dentally the  reason  for  our  fine  coach  work — 
the  finest  in  the  body  field). 

R.AULANG         BODY       DIVISION 

The  Baker  R  c>L  Co. 

CLEVELAND,    OHIO.  U.S.A. 


56 


THE    JOURNAL    OF    THE    SOCIETY    OP    AUTOMOTIVE    ENGINEERS 


./ .    1922 


Sheldon 


THE  names  of  Sheldon, 
Salisbury,  Spicer  and  Parish 
carry  a  wide  reputation  for  qual- 
ity. They  help  to  overcome  sales 
resistance  for  manufacturers  of 
trucks  and  motor  cars  because 
they  inspire  purchasers  with  con- 
fidence in  the  products  in  which 
they  are  found. 


Sheldon  Axle  and  Spring  Go.  -  Wilkes-Barre,  Pa. 
Salisbury  Axle  Go.  -  -  -  Jamestown,  N.  Y. 
Parish  Mfg.  Co.,  Reading,  Pa.,  and  Detroit,  Mich. 
Spicer  Mfg.  Corporation      -      South  Plainfield,  N.  J. 


C.  A.  DANA,  President 


THE    JOURNAL    OF    THE    SOCIETY     OF    AUTOMOTIV]      I    NGINEERS 


57 


IS  The  GOVERNOR  a  PROBLEM? 


Search  tor  a  proper  mechanism  to  con 
tml  motor  speed  under  varying  Loads 
and   conditions   is   so  often   a   vexing 
problem. 

The  Hand)  Governor  has  been  devel- 
oped by   technically  trained  men  who 
realize  the  urgent  need  for  a  depend 
able,  serviceable  and  efficient  governor 
m\i\  at  a  reasonable  price. 


The  Handy  Governor  may  be  the 
answer  to  your  governor  problem. 
Thousands  of  them  are  giving  splendid 
service  on  trucks  and  tractors  the  coun- 
try over. 

Let  us  assist  you  from  our  experience 
in  governor  engineering.  Our  technical 
department  is  at  your  service. 


Descriptive  Literature  for  the  Asking. 


HANDY  GOVERNOR  CORPORATION 


3021  Wabash  Avenue 


Detroit,  Michigan 


Sectional  view  of  The 
( [andy  <  io\  ei  m  >r.  It  is 
operated  by  pressure  of  in- 
let gases  mi  a  tl.u  plate 
which  also  i  ts  a>  the 
throttle  valve. 


1 1  a  u  '1  >     '  iovernors     are 
made  in  standard   siz 
take  care  of  motoi  -  rang- 
ing from  100  1"  I  iji  I    u.  ill. 
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The  Deppe 
Motors  Corporation 

during  the  last  two  years  has  developed 
and  thoroughly  tested  out  in  final  commer- 
cial form  its 

SUPERHEATED  GAS  SYSTEM 

(Patented) 

for  the  six-cylinder  3V4  x  5 

HERSCHELL  SPILLMAN  MOTOR 

MOTOR  VEHICLE  MAKERS 

Utilizing  this   combined  product   in  cars 
of  3000  lb.  class,  may  advertise  and  prove 
by  use  in  the  hands  of  the  public  the  fol- 
lowing valuable  sales  points : 
WITH  100  lb.  COMPRESSION 
FIXED  SUPERHEATED  GAS  MIXTURE 
FIXED  ADJUSTMENTS  IN  ALL  PARTS 

WITH  CONTROLLED  COMBUSTION. 
Develop  maximum  speeds  60  m.  p.  h. 
22  miles  per  gallon  ■with  existing  or  any  future 

motor  fuels 
I  600  miles  per  gallon  of  lubricant 
1  0  to  30  m.p.h.  in  9  seconds 
Radiator  water  normally  around    1  30*  F. 
NO  THERMOSTATS 
Easy  starting,  no  loading 
Practically  eliminates  carbonization 
No  preignition,  no  autoignition 
No  so-called  detonations 
Eliminates  vibration  due  to  fuel  conditions 
Practically   eliminates    lubricating   oil    dilution 
No  overheating  of  metals 
Practically    eliminates   valve    grinding 
Practically   eliminates   bearing    adjustments 
Practically   eliminates   spark-plug   troubles 
PRACTICALLY  ELIMINATES  GEAR- 
SHIFTING. 

Full  information  and  demonstrations  for  Work*  Engi- 
neers by  appointment  only. 
C.  E.  Parsons,  Chief  Engineer 

Deppe  Motors  Corporation 

151   Church  Street,  New  York 


S.  A.  E.  Employment 
Service 


The  following  announcements  are  published  for  the 
benefit  of  members  of  the  Society  and  the  convenience 
of  companies  in  need  of  men.  No  charge  whatever  is 
made  for  this  service.  In  the  case  of  items  prefixed 
by  an  asterisk  further  information  is  withheld  at  the 
request  of  the  company  or  individual  making  the  inser- 
tion, but  written  communications  bearing  the  number 
of  such  items  will  be  forwarded  by  the  office  of  the 
Society.  Applications  for  positions  from  non-members 
must  be  endorsed  by  a  member  of  the  Society. 

No  announcement  will  be  repeated  in  these  columns 
unless  specific  information  is  at  hand  that  the  respec- 
tive  member  is   available   or   the  position    unfilled. 

To  put  available  men  and  employers  in  touch  with 
each  other  quickly,  this  column  is  supplemented  twice 
weekly  by  a  bulletin  giving  the  latest  information  with 
regard  to  Men  and  Positions  Available.  The  bulletin 
will  be  mailed  to  members  and  employers  on  request. 

It  is  suggested  that  for  quick  action  in  securing  men 
or  positions  there  be  specified  for  publication  the  name 
and  address,  a  post-office  box  number  or  a  general  mail 
delivery  address.  If  applications  are  confidential,  the 
Society  will  forward  replies  through  an  index  number. 

For  the  good  of  the  service  members  securing  or 
filling  positions  or  companies  securing  men  through 
these  columns  are  urged  to  send  advices  to  this  effect 
to  the  office  of  the  Society  promptly. 

Considerable  time  can  be  saved  in  securing  a  position 
if  the  following  items  of  information  are  given  in 
registering  with  S.  A.  E.  Employment  Service. 

1.  Date 

2.  Name  in  full 

3.  Present  mail  address 

4.  Telephone   number 

5.  Present   telegraph   address 

6.  Permanent  mail  address 

7.  Telephone  number 

8.  .Married   or   single 
it.   Nationality 

10.  Age 

11.  Height 

12.  Weight 

13.  State  of  health 

14.  Education  (Give  schools  and  colleges  attended, 
courses  taken  and  duration   of  each  course) 

15.  Previous   employers    (Give   names,    addresses,    term 
of  employment  with  each,  your  title  and  the  nature 
of  the   work   done) 
Are  vou  employed  at  present? 

References  (Give  names  and  address  of  three  or 
four  persons  not  related  to  you  and  with  whom  you 
have  been  directly  associated) 

IS.  What  societies,  clubs  or  associations  are  you  a 
member  of? 

19.  Salary  wanted  per  week,  month,  year 

20.  What  general  classifications  do  you  wish  to  be 
listed  under?  (List  in  order  of  preference.  For 
example :  General  Manager,  Works  Manager.  Re- 
search  Engineer,   Production  Engineer,   etc.) 

21.  Do  you  wish  your  name  and  address  published  in 
your  announcement? 

22.  Do  you  wish  to  use  a  post-office  box  number? 
(If  so,  arrange  with  your  postmaster  for  the  use 
of  a  box  and  send  the  number  of  the  box  to  us. 
giving  town  and  state) 

23.  Is  your  name  to  be  withheld  from  publication? 
(In  this  case  your  announcement  will  be  run  under 
an  index  number  and  replies  will  be  forwarded 
through  the  office  of  the  Society) 

24.  Prepare  copy  for  insertion  in  The  Journal  and 
Bulletin.  (Make  it  as  complete  and  as  concise  as 
possible) 

25    Anv    preference    as    to    location? 
26.  When  will  you  be  available? 


16. 

17. 


MEN  AVAILABLE 


0364  Executive  Engineer  with  20  years'  experience  on  auto- 
mobiles, including  both  engines  and  finished  cars.  Has  held 
position  of  works  manager.  Able  to  layout  large  plant, 
organize  and  handle  working  force,  cut  costs,  get  maximum 
production  and  highest  standard  of  accuracy.  Available  «t 
once.     No  preference  as  to  location. 

0365  Sales  Engineer  and  Executive  with  15  years'  experience 
in  the  automotive  accessory  field,  wishes  to  connect  with 
an  accessory  manufacturer  where  his  experience  would  be 
of  value.     Has  held   responsible   positions. 

0366  Automotive  Engineer  College  graduate  with  6  years' 
experience  as  designer,  checker,  chief  draftsman  and  engineer 
principally  on  engines.  Especially  familiar  with  marine 
engine  and  automobile  design  and  thoroughly  experienced 
in  production  methods.     Available  immediately.     Age  27. 


(Continued  on  page  60^ 


June,   L9S3 


THE    JOURNAL    OP    THE    SOCIETY    OF    AUTOMOTIVE:    BNOIN1 


59 


MILWAUKEE: 


BEARINGS 

A  RE  bearings  any  engine  manufacturer  can  install  in  his  motor 
•**■  _  with  the  assurance  he  is  getting  the  utmost  in  anti-frictional 
qualities,  longevity  and  dense  molecular  construction.  Motor  beat 
ings  are  small,  inconspicuous  parts  of  a  motor,  but  a  very  important 
item  on  which  depends  the  continuous  srrvice  a  good  motor  should 
give. 

FOR 
MOTOR  CARS,  TRUCKS,  TRACTORS 

BRONZE    BACK    BABBITT    LINED    AND    SOLID    BABBITT 

''MILWAUKEE"  Bearings  Ifnvc  ihe  Requirements  a  Good  Bear- 
ing   Should    Have. 


Fir«t.- Quality    of    MnterlnlN. 

Only  Virgin  nm  Lai     wi    med  In  the  0  mu 
fscture   of    "MILWAUKEE"    MinrlnKS    made 
to   your   own,    or   S.    A.    E..    analysis. 
Second. — Method    of     Munufac- 
I  ore. 

■"MILWAUKEE"  Boarlncs  are  manufac- 
tured by  the  most  modern  equipment  and  In 
the  most  modern  methods  by  men  thor- 
oughly conversant  with  the  demands  of  the 
i*nt "mobile    manufacturers. 


Third. — A  reunify. 

"MILWAUKEE"  Bairingi  are  made  with 
Mir  same  dogree  of  accuracy  and  must  pass 
the  same  inspection  in  our  plant  which  la 
demanded  by  the  best  automobile  manufac- 
turers   tn   the   country. 

Minimum    Porosity,    Maiimurn    Bond. 
Fourth. — Service. 

Our  facilities  permit  handling  your  near- 
inr  requirements  In  the  shortest  possible 
time. 


DIE  CASTINGS 

Zinc.  Aluminum,  Tin  or  Lead  Rases  for  a  variety  of  automotive  uses,  each  as 
rfwitch  levers,  panel  switch  eases,  magneto  housings,  etc.,  are  among  our  apec  lai- 
ties.     Let  us  figure  on  your  requirements. 

"MILWAUKEE"  DIE  CASTING  COMPANY 

MILWAUKEE,  WIS. 


297  FOI'RTH  ST. 
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AHLSTRO 

Metal  Mouldings^  Shapes 


Illustrating  a  DAHLSTROM  metal  Tmstrnm^nt  panel  with   cut  outs  as  supplied 
to    STUDEBAKER    Cars. 
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METAL  INSTRUMENT 
PANEL 

Metal  has  been  adopted  by  many 
automobile  manufacturers  as  stand- 
ard material  for  instrument  panels. 

There  are  many  reasons  for  this. 

They  are  easily  applied.  The 
finish  will  stand  up.  The  openings 
for  instruments  are  neat  and  accu- 
rate. Dahlstrom  metal  instrument 
panels  can  be  finished  in  any  color 
or  graining  desired  and  the  panel 
will  not  warp. 

Our  Catalog  "Metal  Mouldings  and  Shaues"  will 
be  gladly  sent  upon  request. 

DAHLSTROM  METALLIC  DOOR 
COMPANY 

475  Buffalo  Street,  Jamestown,  N.  Y. 


NEW  YORK 
25  Broadway 


DETROIT 
1331  Dime  Bank 
Bid*. 


CHICAGO 
19  So.  LaSalle  St. 


Kcpretentatiiet  In  All  Principal  Citiet 
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SCINTILLA 


Unfailing 
Performance 

IN  the  recent  Targa  Florio  Road 
Race,  held  in  Italy,  in  which  43 
cars  started,  the  Ballot  cars  finished 
second  and  third. 

These  two  Ballot  cars,  one  of  which 
was  delayed  due  to  an  accident, 
were  equipped  with  engines  of  122 
cu.  in.  piston  displacement,  whereas 
the  winner,  which  was  only  1  min- 
ute and  47  seconds  in  the  lead,  had 
a  300  cu.  in.  displacement  motor. 

On  account  of  the  unusually  high 
speed  at  which  these  small  Ballot 
motors  ran,  the  ignition  problem 
was  a  most  serious  one.  It  was  met 
successfully  with  Scintilla  Mag- 
netos, with  which  both  Ballot  cars 
were  equipped. 

Every  Scintilla  is  built  to  duplicate 
this  same  unfailing  performance. 

■  '{lei  sail  on  request. 

SCINTILLA    MAGNETO   CO..   INC 


\V  E  S  T 


ST, 


N  E  \V      V  ORK 


S.  A.  E.  Employment  Service 

Continued 
MEN  AVAILABLE 

0371  Engineer  with  design  for  a  radial  air-cooled  engine  with 
patented  features,  wishes  to  communicate  with  persons 
interested   in    its  development. 

0372  Engineer  with  23  years*  experience  in  various  lines  including 
machine  tools,  steam  and  internal-combustion  engines,  tool 
and  jig  making  and  designing,  automobiles  and  aircraft 
engines.  Has  been  connected  with  a  number  of  large  auto- 
mobile builders  in  executive  capacity.  At  present  employed 
by  the  Government  in  charge  of  engine  maintenance 
throughout  the  Air  Service.  Location,  immaterial.  Age. 
38  ;    married. 

0373  Assistant  Engineer  or  designing  draftsman,  with  varied 
experience  in  charge  of  truck  engineering  drafting,  tool 
design  and  automotive  machine  work.  Formerly  chief 
draftsman  with  company  building  high-grade  motor  trucks 
Technical   graduate.      Age,    27;    married.      Available   at   once. 

0374  Sales  Engineer  with  headquarters  at  Salt  Lake  City  desires 
to  represent  Eastern  manufacturer  or  wholesaler  in  the 
intermountain  territory. 

0376  Chief  Engineer,  research  engineer  or  factory  manager. 
Seven  years'  practical  experience  in  mechanical  and  electrical 
engineering  in  automobile  and  allied  industries.  At  present 
assistant  to  chief  engineer  of  prominent  motor-car  company. 
Experienced  in  research,  service,  experimental  and  develop- 
ment work  ;  also  in  consulting  work  pertaining  to  con- 
struction and  design  of  automobile,  marine  or  aviation 
engines. 

0377  Engineer  and  Production  Executive  with  over  12  years' 
experience  on  high-grade  automotive  engines  and  trans- 
missions. Has  recently  tooled  and  put  into  production  one 
of  the  highest  grade  eight-cylinder  engines  on  the  market 
Experience  covers  designing,  tooling,  production,  purchase 
of  materials  and  costs.  Able  to  build  up  organization  and 
produce  quality  material  at  minimum  costs.  Best  of 
references.     Available  on   30  days'  notice. 

038  0  Engineer  An  original,  thorough  and  resourceful  practical 
man,  with  16  years*  experience  in  experimental  work,  develop- 
ment, testing,  service,  inspection  and  factory  problems.  Age, 
35  ;   single. 

0390  Mechanical  Draftsman  with  S  years'  experience  in  design 
and  computations  and  4  years'  university  work  in  mechanical 
engineering  and  chemistry  desires  a  position.  Prefers  design- 
ins  or  testing  of  internal-combustion  engines  and  a  location 
that  is  tavorahle  to  the  continuation  of  evening  study  at  a 
university  or  college.  Age.  30  .  single.  Best  of  reference* 
can    be   supplied. 

0395  Mechanical  Engineer  with  14  years'  experience  as  a  de- 
signer, machine-shop  foreman,  chief  draftsman  and  efficiency 
engineer,  also  broad  experience  in  the  designing  of  special 
machinery,  tools,  jigs  fixtures,  gages  and  dies,  desires  a 
position  where  initiative  and  inventive  ability  along  manu- 
facturing lines  are  considered.      Married  ;   age,   34. 

0396  Technically  Trained  Young  Man  with  some  business  ex- 
perience desires  to  make  a  permanent  connection  with  an 
automobile  company  in  the  sales  promotion  department. 
Single.     Available  immediately.     Xo  preference  as  to  location. 

0397  Engineer  with  5  years'  experience  in  the  automotive  In- 
dustry desires  a  position  with  an  automobile,  truck,  tractor 
or  engine  builder  or  a  larg3  garage  company.  Possesses 
executive  ability  and  has  held  positions  as  manager  and  pur- 
chasing agent.     Age.   26  ;   single.      Available  at  once. 

039S  Works  Manager  A  practical  man  with  initiative  and  ability 
who  can  get  results.  Broad  experience  in  factory  and  engi- 
neering management  including  automobile,  aeronautic  and 
steam  engine  units  of  various  kinds.  Age.  3?  :  unmarried. 
Available    immediately.      Eastern    location    preferred. 

(Continued  on  page  ti2) 
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THE  ANDERSSON  GASOMETER 

A  GASOLINE  GAUGE  FOR  THE  INSTRUMENT  BOARD 

NEW  IN  PRINCIPLE  : 

It  registers  the  difference  between  two  hydrostatic  pressures:  that  caused 
In  a  column  ol  gasoline  reaching  to  the  top  of  the  fuel  tank,  and  exerted  by 
the  actual  level  of  gasoline  contained  in  the  tank. 

NEW  IN  PERFORMANCE: 

Accurate  to  the  traction  ol  a  gallon,  its  readings  are  independent  of  tem- 
perature, barometric  pressure,  position  of  the  car  or  road  conditions. 

The  aiily  gauge  that  fulfills  nil  scientific  requirements. 

Further  information  given  upon  request. 

KO-OP-CO.  SALES  CORPORATION 

35  Steuben  Street,  Brooklyn,  N.  Y. 

These  instruments  are  manufactured  by  The  Kollmorgen  Optical  Corporation 


FORMED    TUBULAR 

PARTS 


such 


as 


Torque  Tubes,  Axle  Housings,  Radius  Rods.  Exhaust  Tubes, 
Tail  Pipes,  Ignition  Wiring  Tubes,  Steering  Column  Posts, 
Lamp  Tie  Rods.  Radiator  Outlet  Pipes,  Straight  Tubing  in 
mill  lengths  ranging  £     to  '.\     ().  I).  6  to  22  Gauge. 

Made  from  the  well  known 
STANDARD  BRAZED  AND  WELDED  STEEL  TUBING 

THE  STANDARD   STEEL  TUBE  CO. 

TOLEDO,    OHIO 
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JACK 

Built    on    Honor 
Is   the  Only  Jack  You 

SHOULD  USE  FOR  STANDARD  EQUIPMENT 


There   are   many   jacks   made, — 
but    none    are    more    honestly 
made  than  Arrow  Grip  Jacks. 
They    are    preferred    by 
owners   and   drivers. 
Full   handle   con- 
trolled.    Strong, 
practical, 
durable. 


Write  for   the    new   lower   prices   and   samples 
for  testing 

ARROW  GRIP  M'F'G  CO.,  Inc. 

GLENS  FALLS,  N.  Y. 

Makers  of  the  Famous  Arrow  Grips 
Export  Office:  280  Broadway,  New  York 


S.  A.  E.  Employment  Service 

Continued 
MEN  AVAILABLE 

0399  Draftsman  Energetic  hustler  desires  to  make  a  connection 
in  New  York  or  New  England  States,  but  would  consider 
other  location.  Is  thoroughly  familiar  with  passenger-car 
chassis  work  and  punch  and  die  work  for  automobile  stamp- 
ings and  is  able  to  work  with  engineer.  Married ;  age,  25. 
Available  immediately. 

0403  Engineer  who  has  been  27  years  in  automotive  industry.  A 
technical  graduate  with  experience  in  development  work,  as 
chief  engineer  and  as  an  executive.  Is  a  progressive  organ- 
izer and  a  thorough  exponent  of  cooperation.  Could  furnish 
competent  department  force  if  required.  Has  developed  and 
conclusively  proved  many  items  of  betterment,  is  fully  awake 
to  present  market  conditions  and  is  prepared  to  do  his  part 
in  meeting  them.  Age,  47.  Address  H.  C.  Gibson,  2304  Sev- 
enth Avenue,  Moline,  111. 

0408  Man  with  15  years  of  real  mechanical  engineering  in  the 
automotive  field  would  consider  special  work  such  as  a  con- 
sulting, designing  and  chief  engineer  in  the  marine  and  in- 
dustrial engine  fields.  Is  familiar  with  the  problems  of  build- 
ing mechanical  confidence  and  new  business.  Married.  Avail- 
able now.     Location  immaterial. 

0411  Engineer  who  has  devoted  the  past  12  years  to  the  auto- 
motive field  principally  in  experimental  and  production  work 
is  available  for  a  position.  Is  technically  educated  and  has 
held  the  positions  of  chief  inspector,  general  foreman,  as- 
sistant production  manager,  production  manager  and  super- 
intendent with  companies  producing  motorcycles,  passenger 
cars,  trucks  and  tractors.  Has  also  designed  tools,  jigs,  fix- 
tures and  gages.     Location  immaterial.     Married  ;  age,  32. 

0412  Automotive  Engineer  with  7  years'  experience  in  truck  and 
tractor  design  desires  a  position  with  some  established  truck 
and  tractor  organization.  Age,  25  ;  married.  Middle  West 
preferred  but  not  essential.     Available  at  once. 

0413  Designer  and  Draftsman  desires  to  establish  a  connection 
with  a  manufacturer  along  the  lines  of  production  and  tech- 
nical development.  Is  a  graduate  engineer  with  experience  in 
marine  engineering,  both  theoretical  and  In  actual  service ; 
Diesel  engines  a  specialty.  Age,  25  ;  unmarried.  Available 
immediately.  Vicinity  of  New  York  City  preferred  but  not 
essential. 

0414  Young  Man  wishes  to  become  associated  with  a  large  pro- 
gressive builder  of  open  or  closed  passenger-car  bodies.  Is 
willing  to  start  in  a  middle-rate  position  as  a  draftsman  with 
an  opportunity  to  be  in  contact  with  high-grade  aggressive 
men  and  where,  when  worth  is  proved,  advancement  would 
follow  to  a  higher  and  more  responsible  position.  Two  years' 
college  education  in  mechanical  engineering  and  1  year's  ex- 
perience in  body  drafting.     Age,  24. 

0416  Chief  Engineer  of  a  prominent  automobile  company  seeks 
to  establish  a  new  connection.  Was  technically  educated  in 
Europe  and  has  had  12  years'  experience  in  automotive  design 
and  experimental  work ;  also  4  years  as  chief  engineer  for  a 
large  engine  builder.  Would  accept  the  position  of  chief, 
assistant  chief  or  experimental  engineer ;  undertake  special 
development  work  or  also  consider  a  position  as  technical 
representative  in  Europe.  Original  and  uptodate.  Possesses 
a  knowledge  of  French  and  German.     Age,  34  ;  married. 

0424  Engineer  and  Executive  with  8  years'  experience  in  the 
automotive  industry.  Has  been  associated  with  leading  com- 
panies and  industrial  and  consulting  engineers.  Is  especially 
experienced  in  handling  men  and  installing  systems  as  sales 
engineer  and  is  qualified  to  assume  a  position  of  responsi- 
bility. Age,  27  ;  married.  Available  now.  New  York  City 
preferred  but  not  essential. 

0426  Service  Engineer  with  over  16  years'  experience  in  all  de- 
partments as  executive,  organizer  and  efficiency  expert  In 
passenger-car  and  truck  details.  Is  also  experienced  in  pro- 
motion work,  the  standardization  of  service-station  equipment 
and  methods,  the  installation  of  flat  price  cost  system  on 
repairs,  etc.,  and  has  had  truck  factory  organization  experi- 
ence. 

(Continued  on  page  64) 


See    announcement    at    the 
Service   column,   page   58. 
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ANNOUNCING 

A  NEW 
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STANDARD"  UNIVERSAL  JOINT 


Series:        2400 — 3400 4400 — 5400 

SALIENT  FEATURES 


One  piece  rhmme  nlrkel  stool  ring,  lu-at  trented  and  spiral  reamed  to 
provide  practically   1009    bearing   rarfacea  for  pins. 

«  o  in  pun  Ion    tin  iiRe    type     I 

I'liiln.    ■traJabt,    case   hardem-d    Dtckel    steel    idns.    accurately  ground. 

S  u  li ■>  t  n  n  t  i  it  I     y^m    pressed    uteel    hou siiiir — a ffordinir   a niple    protection. 

Self-A(lJuMllii(r<  internal  oil  retainer,  held  by  coil  spring  against  graph- 
Ited  packing  In  bousing ;  accurately  ground  to  fit  spline  yoke,  pre- 
venting  escape  of  lubricant. 


I.luhtCMt  Weight,  consistent  with  strength,  produced  complete  from 
rough  bar  to  finished  unit,  in  our  own  plants,  by  men  who  know, 
through  many  years  of  experience  in  this  socialized  line.  Present 
capacity  of  this  series,  1000  per  day.  This  new  series  of  simplified 
and  improved  "Standard"  Universal  Joints,  merits  the  attention  of 
•  \-  ry   automotive  engineer.      Detailed   prints   and   samples   on    request. 


THE  UNIVERSAL  MACHINE  CO. 


422  Pike  Street 


Bowling  Green,  Ohio 


Where   You  Get 

Satisfactory  Service 

With  Your  Valves 

/T  VAST  fund  of  specialized  experience  and  many  exclusive 
C^/jf  plant  methods  enable  this  company  to  serve  the  valve 
buyer  with  unusual  economy  and  efficiency.  Toledo  Valves  are 
the  best  cast  head  valves  made — and  can  be  so  proven. 

The   most  suitable  valve   for  any  engine,   and  the  cheapest,  is  one  in  which  design,  material, 
method    of    manufacture    and    workmanship    are    perfectly    co- 
ordinated.    We  assist  our  customer  to  determine  exactly  what 
his  engine  needs,  then  we  make  it  that  way.     In  no  other  way 
can  any  valve  maker  render  satisfactory  service. 


THE    TOLEDO    STEEL    PRODUCTS 
COMPANY 

3302  Summit  St. 
Toledo,  Ohio 
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DOEHLER 
ME-GASIDUS 


Whatever  may  have  been  the 
'means  by  which  a  concern 
has  attained  a  dominant 
place  in  its  field,  only  one 
thing  can  keep  it  in  that  po- 
sition, can  establish  it  more 
firmly  in  that  position,  year 
after  year.  That  one  thing  is 
a  uniform  quality  of  product 
which  retains  its  customers' 
confidence.  Quality  is  the 
foundation  upon  which  the 
Doehler  business  has  been 
built,  from  the  very  begin- 
ning. And  quality — with  all 
it  implies  of  experience  and 
skill  and  service — has  made 
Doehler  the  largest  producer 
of  die-castings  in  the  world. 
Even  lower-priced  competi- 
tion breaks  against  the  wall 
of  quality  inflexibly  main- 
tained. Our  engineers  will 
welcome  an  opportunity  to 
work  with  yours. 


BSHIB  BlElCASTlW  Co , 

BROOKLYN.  N.Y. 

CHICAGO. ILL.        TOLEDO.  OHIOo 


Doehler  die-east  automotive 
ignition  ports — accurate,  uni- 
form.   hif>h    in    quality. 


S.  A.  E.  Employment  Service 

Continued 


MEX  AVAILABLE 


0427 


Mechanical  and  Electrical  Engineer  Technical  graduate 
with  experience  in  motor-truck  layouts,  jig  and  fixture  design 
is  now  available  for  a  position.  Experienced  also  in  check- 
ing, preparing  specifications,  shop-ordering,  molding  and  draft- 
ing. Age.  28;  married.  Atlantic  coast  preferred  but  will 
consider  any  location. 

042S  Mechanical  Engineer  who  is  also  an  expert  draftsman  and 
designer  desires  to  make  a  Detroit  connection  in  the  capacity 
of  selling,  cost  or  production  executive.  Is  experienced  in 
purchasing  and  management.  Age,  2S  ;  single.  Available  on 
2  or  3  weeks'  notice. 

0429  General  Manager  wants  an  opportunity  where  ability,  ex- 
perience and  energy  are  needed  to  form  a  new  organization, 
or  to  carry  forward  or  develop  further  one  already  formed. 
Has  developed  present  plant  from  its  inception  to  a  modern, 
well-equipped,  well  organized  and  efficiently  operating  or- 
ganization and  has  been  chief  engineer  with  a  large  organiza- 
tion for  10  years.  Experienced  in  all  branches  of  automotive 
work  as  well  as  gas  engine  construction.  Available  imme- 
diately if  necessary.  • 

0430  Automotive  Engineer  College  graduate  with  3  years'  ex- 
perience as  designer,  checker  and  chief  draftsman  and 
familiar  with  automobile  engine,  axle  and  chassis  design. 
Age,    23  ;    single.      Available    at   once.      Location,    immaterial. 

0432  Engineer  with  college  training  desires  a  position.  Experi- 
enced in  automotive  design,  sales  engineering,  drafting, 
chassis  design,  inspection,  maintenance  and  repair.  Available 
immediately.     Age,  28  ;  unmarried.     Location,  immaterial. 

0433  Production  or  Tool  Executive  with  13  years'  practical  ex- 
perience in  production  and  tool  work  on  automobile  accessary 
wishes  a  position  with  a  reliable  company  where  merit  la 
recognized  by  promotion.  Age,  34  ;  married.  Available  on 
15  days'  notice.    Central  states  preferred  but  not  essential. 

0437  Graduate  Mechanical  Engineer,  with  5  years'  testing,  de- 
velopment, production  and  operation  experience ;  also  business 
experience.  Knows  languages  and  possesses  a  sense  of 
adaptability  for  new  duties.  A  hard  and  serious  worker. 
Age,  29  ;  married.     Available  now.     Location,  immaterial. 

0442  Chief  Engineer  or  Manager  Nine  years'  executive  factory 
experience  in  organization  and  management.  Has  made  a 
specialty  of  tractors,  both  the  wheel  and  track-laying  types, 
transmissions,  internal-combustion  engines,  railroad  motor 
cars  and  gasoline  and  kerosene  locomotives.  Age,  39  ;  mar- 
ried.    Location,  immaterial. 

0443  Research  Engineer  Graduate  engineer  with  8  years'  me- 
chanical and  electrical  technical  experience,  followed  by  post- 
graduate study  at  a  leading  university,  desires  a  position. 
Is  capable  of  conducting  pioneer  investigations  and  develop- 
ment work  and  has  had  2  years'  automotive  design  experi- 
ence.    Age,  30.     Vicinity  of  New  York  City  preferred. 

0444  Designing  Engineer  is  open  for  engagement  with  a  progres- 
sive company.  Is  experienced  in.  the  design  of  internal- 
combustion  engines,  on  experimental  truck,  tools,  tanks, 
tractors  and  trailers ;  also  in  drafting,  maintenance  and  re- 
pair. Has  held  an  executive  position.  Age,  33 ;  married. 
Available  on  short  notice.     Location  immaterial. 

0445  Mechanical  Engineer  Experienced  in  transmission  layout, 
drafting,  checking  drawings  and  patterns,  and  chassis  design. 
Has  been  in  charge  of  tool  designing  and  inspection  ;  also 
held  the  positions  of  assistant  foreman  in  machine  shop  and 
mechanical  engineer.     Technical  education.     Age  34. 

0447  Ball  Bearing  Engineer  having  sales  promotion  and  design- 
ing experience  is  available  for  a  position.  Is  an  engineer  with 
9  years'  experience,  including  5  years'  specialization  on  the 
design  and  promotion  of  ball  bearings  and  3  years  in  an 
executive  capacity.  A  man  who  is  particularly  interested  in 
a  position  affording  opportunities  toward  sales  and  advertis- 
ing management  and  where  past  experience  and  knowledge 
of  the  business  combined  with  character  and  personality 
count.     Age,   27  ;  married.     Available  within  reasonable  time. 

(Continued  on  page  68) 

See    announcement    at    the    head    of    the    S.    A.    E.    Employment 
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COMPARATIVE  HI-:  \  I  I  I  RA  ES  SHOW- 
ING SUPERIORITY  I  >F  CH  VNSON 
HEATER     OVER     i  i  IMP!  riNG     M  \KE. 

\\  I    INVITE    i  i ■■      ■  i    R  SATIS- 

I   VI  TION. 

MAJOR  B  II  \\\  MM  RST,  D] 
REI  I  I  \(  H'K'i  Rl  PRESI  NTA 
Tl'  KRESG1         HI     " 

I)  E  TROIT,         Mil    II  I  '.  A  N 


HANSON  Car  Heaters  are  made  in  four  Reg- 
ister Types  and  one  Hail  Type.  The  Register 
Type  heating  elements  are  furnished  in  either 
aluminum  or  iron,  east  in  one  piece.  The 
Hail  Type  is  made  entirely  of  Aluminum  with  solid 
heating  element  and  utilizes  the  Register  Type  con- 
nections and  valve. 

An  air  tight  gland  nut  with  asbestos  packing  con- 
nects valve  with  heating  element  of  our  heaters.  The 
shearing  action  of  the  Balanced  Butterfly  Valve  pre- 
vents carbon  clogging  and  the  valve  will  not  clatter. 
\\  e  recommend  the  instrument  hoard  type  of  control 
although  it  can  he  installed  at  other  convenient 
places.  All  features  of  Chanson  Heaters  are  pro- 
tected by  patents. 

We  have  recently  added  two  heaters,  especially  de- 
signed for  standard  equipment  purposes.  These 
heaters  measure  26x7  in.  and  13%  x  9%  in.  Their 
design  is  based  on  exhaustive  tests  ami  they  arc 
superior  to  all  others  in  radiation  and  healing  quali- 
ties.       Our  prices  are  interesting. 


Channon-Hughson   Company 

229-233  West  Erie  Street,  Chicago,  111. 


World's  Largest  Producers 
Bright  Finished  Steel 

Manufacturers  of 

Cold  Drawn  and  Turned   and    Polished    Shafting  and  Free   Culling   Screw 

Steels 

and 

Cold    Drawn    Steel    Squares,    Flats    and    Hexagons,    Cold    Drawn    Special 

Shapes,    Cold   Drawn    or    Turned   and    Polished    Pump    and    Piston    Rods, 

Cold  Drawn  Elevator  Guides.  Cold  Drawn  or  Turned  and  Polished  Axles. 

Cold    Drawn    or    Turned    and    Polished    One    Per    Cent,    and    Three    and 

One-Half  Per  Cent.  Nickel  Steels 

and 

Chromium    Steels,    Vanadium    Steels.    Nickel-Chromium    Steels,    Chrome- 

Vanadium  Steels,  Bright  Bessemer,  Open  Hearth.  Alloy  and  Electric  Steels 

For  Special   R  Range  of  Analyses 

Complete  Laboratory  and  Heat  Treating  Equipment 


ESTAELISHED    1SS9 


Address — "UNIOXDRAWX,    NEW    YOKK. 


Union  Drawn  Steel  Company 

Main  Office:  Beaver  Falls,  Pa. 

Works:  Beaver  Falls,  Pa.  and  Gary,  Ind. 
Other   Offices   and   Wareho  fork,    4<',o -4i;»;   Washington    St. "  Philadelphia,    Ninth    ami 

innnti,     2225     Rogen    St.      Chicago,     .".To    West    Adams    St.      Detroit.    237 
Coinpau  es    Offices — Boston,    Massachusetts   Trust    Bld^.      Buftalo,    Wbite    Building. 

Cleveland,   Kirby  Bldg. 


n!  ■'  nrTil 


Q.UAUTY 


UNION  DRAWN 


SERVICE 


MACM'MfcBY 
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Connecting 
Rod  Bolts 

\\  i  are  now  supplying  large  quan- 
tities <>t  connecting  rod  bolts  for 
motors  used  in  automobiles, 
trucks,  tractors,  etc. 

Engim  ei  s  who  are  critical  in 
sell  parts  for  their  prod 

ucts  Ferrj    I  'roi  ess  ( 'on- 

g  k"<!  Bolts. 

We  are   \\  t-!l   equipped   to   make 

and  heat-treat  connecting  rod  bolts 

rifications.      Scud    us 

your    blue    prints    for    estimates. 

We  kimw  you  will  be  well  pleased. 


Heat-Treated 
Cap -Screws 

It  is  a  known  fact  thai  all  cold 
headed  cap  screws  or  similar  up 
si  i  products  must  be  heal  treated 
to  eliminate  all  stresses  and  strains 
formed  in  the  material  during  this 
operation. 

In  -linn.  Heat-Treatmenl  is  your 
guarantee  of  a  dependable,  uni- 
form  product. 

For  i  i  years  Fi  n\  i  ap  Screw  s 
ha\  e  been  hi  ed      Vnd  dur- 

ing this  time  we  have  been  suppl) 
ing  the  needs  of  some  of  the  larg- 
est manufacturers  of  motor  cars, 
truck-  and  tractors  in  the  country. 

The  Ferrj  ew  Co.,  Cleveland,  O. 


Spring 
Shackle  Bolts 

line 
of  Spring  Shackle  Bolts,  both  in 
machine  finish  and  hardened  and 
ground  to  very  close  limits. 

I  lie)   arc  made  Up  from  liluc  print 

ifications  only,  and  furnished 
threaded  to  tit  an)  ru\<  or  grease 
appliance  desired. 

Ferry     I  Spring     Shackle 

Bolts  are  serving  with  greal  satis 
ion  -nine  of  the  largest  manu- 
facturers of  automobiles. 

I  el  us  qui  ite  you  prici 


PROCESS        SCREWS 


A  FEW  EXAMPLES   FROM   THE   DAY'S   RUN 

DROP    FORCINGS 


THE   BREWER-TITCHENER   CORPORATION,  CORTLAND,  N.  Y. 

ROUGH    FOR(.H)    (<R    H  LLY    MAI  MINED    -    HOT    BENDING    ••    HEAT    TREATING    ••    SAND    BLASTING 
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MARRO 

Automobile    and   Radio 
Storage   Batteries 

Typify  the 
Ultimate 

In  scientific  bat- 
tery construction 
— from  their  extra 
hea  v  y  positive 
plates,  down  to 
their  most  minor 
parts  —  and  are 
therefore  specified 
wherever  and 
whenever  a  highly 
superior  battery 
is   required. 

Full   Guarantee   with 
Every   Battery. 

MARKO  STORAGE  BATTERY  CO. 
1402-1412  Atlantic  Ave. 

Brooklyn,  N.  Y. 


DOHNER 

COMPRESSION 

COUPLINGS 


nU 


BEFORE 
COMPRESSION 


AFTER 
COMPRESSION 


/grCOPPER,  BRASS  orSTEEL 
TUBES  for  CAS.  GASOLENE 
0IL,WATER,5TEAM  or  AIR 

Approved  by  Underwriters  Laboratories 

ASK  US  FOR  DATA  SHEETS 

c7he 

OHIO  METAL  PRODUCTS  CO. 

Dept  K  Dayton ,  Ohio. 

Sales  Office.  Free  Press  DIdg..  Detroit,  Mich. 


S.  A.  E.  EMPLOYMENT  SERVICE 

Continued 

MEN  AVAILABLE 

0451  Engineer  with  wide  experience,  fully  qualified  In  engineer- 
ing, production,  or  factory  management  available  for  posi- 
tion. Age,  38 ;  married.  Available  at  once.  Location  im- 
material. 

0453  Graduate  Mechanical  Engineer  with  4  years'  automotive 
engineering  experience  and  inventive  ability  desires  a  posi- 
tion in  research  laboratory  or  with  company  developing  some 
new  engine  or  car.  Would  consider  teaching  at  some  insti- 
tution having  a  well-equipped  research  laboratory.  Was 
formerly  instructor  in  automechanics  with  Government ;  also 
instructor  in  automotive  engineering  and  mechanical  en- 
gineering. Has  had  gasoline  engine  design  and  testing  ex- 
perience. New  York  City  preferred  but  not  essential.  Age. 
27 ;  single.     Available  on  short  notice. 

0457  Sales  Executive  with  long  experience  in  connection  with 
automotive  ignition,  lighting  and  starting  apparatus.  Fa- 
miliar with  production  methods.  Technical  graduate  and 
well  known  in  the  automotive  industry.  Age,  31 ;  married. 
Available   within   a   reasonable  time. 

0460  Metallurgical  Engineer  Technical  graduate  with  10  years' 
practical  experience  in  physical  and  chemical  testing,  in- 
spection, metallurgical  research  and  heat-treatment  of  all 
grades  of  steel.  Competent  to  install  heat-treating  plant  and 
laboratories.     Capable  executive.     Age,  37  ;  single. 

0461  General  Automotive  Construction  Engineer,  with  prac- 
tical experience,  desires  a  position.  Age,  31 ;  married.  Ex- 
service  man  who  has  been  connected  with  large  truck  and 
passenger-car  plants. 

0463  Technical  Graduate  in  electrical  engineering  desires  posi- 
tion in  or  near  New  York  City  with  electrical  or  automo- 
tive company  that  offers  an  opportunity  for  advancement. 
Ready  and  willing  worker ;  aged,  25  years.  Last  position  was 
of  executive  nature  with  machinery  export  house.  Avail- 
able July  1. 

0464  Branch  Manager  and  Engineer,  associated  for  past  14 
years  with  an  internationally  prominent  ignition  company. 
Has  had  20  years'  practical  experience  with  internal- 
combustion  engines  of  all  kinds,  including  10  years'  active 
sales  and  engineering  experience  as  branch  manager. 
Would  like  to  enter  some  new  field  where  combined  engineer- 
ing and  selling  experience  would  be  applicable.  Good 
references  furnished. 

0465  Service  Man  with  17  years'  experience  in  service  and  ex- 
perimental work  on  motor  cars,  wishes  to  make  a  connection 
with  first-class  organization,  on  the  road  or  in  a  service 
station.  Age,  36 ;  married.  Available  immediately.  New 
York  City  or  vicinity  preferred. 

0466  Man  with  factory  and  garage  experience,  including  2% 
years'  handling  fleets  of  trucks  and  nearly  4  years  in  the 
Government's  largest  training  schools  as  automotive  In- 
structor, is  available  for  a  position.  Prefers  to  locate  with 
firm  operating  large  fleets  of  trucks  or  with  factory  as  a 
service  man.  Age,  2S  ;  single.  Can  furnish  the  best  of  ref- 
erences and  qualifications.  Location  immaterial.  Available 
in  20  days. 

0467  Engineer  Technically  trained  man  with  10  years'  experi- 
ence as  factory  and  engineering  executive  both  in  automotive 
as  well  as  in  electric  machine-tool  plants,  desires  similar 
position  with  progressive,  uptodate  manufacturing  organi- 
zation, where  ability  to  produce  is  appreciated.  Age,  29 : 
married.  New.  England  or  Eastern  States  preferred,  but  will 
consider  a  good  proposition  elsewhere.  Address  O.  H.  L., 
217  Midland  Street,  Bridgeport,  Conn. 

0468  Mechanical  Engineer  wishes  position  with  a  reliable  com- 
pany. Has  had  4  years'  experience  in  the  automotive  in- 
dustry as  layout  draftsman  ;  also  some  shopwork.  Age,  27. 
Excellent   references.     Available   June   15. 
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STANDARD   EQUIPMENT   ON   OVER   100   MAKES  OF  PASSENGER  CARS  AND  TRUCKS 


PERFECTION 


R 


I 


N 


Manufacturers  are  giving  attention  to  the  rid- 
ing qualities  of  their  springs  more  than  ever 
before.  This  is  shown  in  the  increasing  num- 
ber of  calls  made  on  our  engineering  depart- 
ment for  counsel  and  guidance. 


THE  PERFECTION  SPRING  COMPANY,      CLEVELAND,  OHIO 
STANDARD   EQUIPMENT  ON   OVER   100  MAKES  OF  PASSENGER  CARS  AND  TRUCKS 


Highest  Quality  Zig-Zag  Cellular  aud  Spiral  Tube 
Radiators  for  Passenger  Cars,  Trucks 

and  Tractors 


National  Products  Are  Quality  Products 


NATIONAL  CAN  COMPANY 


Radiator  Division 


Detroit  Michigan 
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A  NEW  FACTOR 

IN  THE 

FUEL  PROBLEM 


HE  DEMPSEY  CYCLE  is  a  new  factor 
^  |^*]    in  the  fuel  problem.    It  deserves  the 
'Vj    study    of    all    automotive    engineers 
<&  £>1    who    are     seeking     more     complete 
combustion,     higher     comnression     at 


part 
other 


ft 


compression 
throttle,  adequate  scavenging  and 
means  of  attaining  better  fuel  economy. 
When  an  automotive  engine  piston  descends 
under  part-throttle  conditions,  the  throttling 
effect  at  "A"  causes  a  depression  in  the 
cylinder  as  indicated  by  gage  "B."  Place  a 
properlv  designed  air  metering  valve  at  "C" 
and  auxiliary  air  enters  to  fill  the  cylinder  to 
capacity. 

That  is  what  is  done  in  the  DEMPSEY 
CYCLE.  By  this  means  an  approximately 
equal  volume  of  compressible  gas  enters  the 
cylinder  at  each  induction  stroke,  irrespec- 
tive of  throttle  position. 

These  two  booklets  fully 
state  our  principle.  They 
will  be  mailed  free  to 
engineers  requesting 
them. 

W.   L.   Dempsey,   Pres. 

THE  DEMPSEY 
CYCLE  CO. 

PHILADELPHIA,     PA. 


S.  A.  E.  EMPLOYMENT  SERVICE 
Continued 

MEN  AVAILABLE 

0471  Sales  or  Service  Engineer  on  magneto  or  battery  systems. 
Seven   years'  practical  road  work. 

0472  Stock  Supervisor  Experienced  engineer  with  several  years' 
experience  in  handling,  storing  and  issuing  stock  to  the  fac- 
tory and  the  follow-up  of  materials,  both  in  the  factory  and 

from  outside  vendors.  A  permanent  position  with  a  live 
going  company  is  desired.  Available  at  once.  Location  im- 
material. 

0473  Sales  Executive  with  over  15  years'  experience  in  the  auto- 
motive field,  wants  a  parts  or  accessory  proposition  in  the 
Middle  West  having  offices  in  Chicago  and  Cleveland.  Tech- 
nically educated  and  well  known  in  the  trade.  Past  record 
is  one  of  successful  sales  and  development  of  territory.  Only 
a  permanent  connection  with  a  big  future  considered.  Age. 
33  ;   married. 

0476  Young  Engineer  Civil  and  electrical  engineering  graduate 
wishes  to  reenter  the  automotive  field.  Has  had  over  2  years' 
experience  on  all  phases  of  steam  automotive  development. 
Hard  worker.  Location  immaterial.  Employed  at  present 
but  available  on  short  notice. 

0479  Sales  Engineer  and  Service  Executive  A  college  trained 
man  of  broad  practical  experience  and  successful  record 
would  like  to  get  in  touch  with  progressive  automotive 
manufacturer  who  has  an  opening  for  a  man  of  initiative 
and  ability.  Age.  2S;  married.  Middle  West  preferred  but 
not  essential. 

0480  Automotive  Engineer  Technical  graduate  with  15  years' 
experience  in  truck  engineering  desires  a  position  as  engineer 
or  sales  engineer  with  truck  or  truck  equipment  company. 
Available  immediately.  Married:  age.  41.  Middle  West  pre- 
ferred. 

04S3  Chief  Draftsman  Technical  graduate.  Age  26  ;  experi- 
ence covers  the  design  and  development  of  tools,  machinery 
and  equipment  for  economical  production ;  also  factory 
management,  including  maintenance  and  general  construc- 
tion and  2  years'  selling  and  investigating  on  machinery 
and  gray-iron  castings.  Age,  25  ;  unmarried.  New  York 
City  or  vicinity  preferred  but  not  essential. 

0484  Mechanical  Engineer  Technical  graduate  with  7  years' 
experience  covering  the  design  of  motor  cars,  motorcycles, 
aircraft,  pressed  steel  products,  rubber  machinery  and  ord- 
nance. For  3  years  was  in  charge  of  engineering  depart- 
ment, supervising  design,  estimates  and  maintenance.  Age, 
29  ;   married.      Location    immaterial.      Available   at   once. 

0485  Mechanical  Engineer  Factory  executive  with  experience 
in  production  methods  and  quality  at  minimum  cost.  Can 
handle  men  and  get  cooperation  and  results.  Has  held  ex- 
ecutive positions  for  a  number  of  years.  Available  at  short 
notice.     Age,  32  ;  single. 

04S6  Production  and  Manufacturing  Executive  Graduate  me- 
chanical engineer  with  thorough  practical  experience,  includ- 
ing the  completion  of  a  4-year  machinist  and  tool  maker 
apprenticeship,  executive  experience  as  superintendent,  pro- 
duction engineer ;  consulting  engineer  on  shop  methods  and 
production  and  organization  problems  for  large  industries 
desires  connection  with  automobile,  truck  or  parts  organiza- 
tion where  ability,  experience  and  energy  are  required.  De- 
troit preferred.     Available  on  short  notice. 

0489  Chief  Inspector  or  Service  Manager  is  available  for  a  posi- 
tion. Twenty-two  years'  experience  along  this  line.  Cleve- 
land or  Buffalo  preferred  but  not  essent  al 

0491  Layout  Man  and  Designer  with  5  years'  automotive  design 
experience  on  motor-truck  chasses  and  ball-bearing  installa- 
tions in  passenger  cars  and  trucks  desires  to  connect  with 
automobile  or  truck  company.  Vicinity  of  New  York  City, 
Newark   or  Jersey  City  preferred. 


(Continued  on  page  72) 
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Stax»ak»  C1ait«k  Steeil,  (]<»mrvny 

MANUFACTURERS 
OF 

FINISHED 

"STANDARD" 

Crankshafts 


VY^E  are  equipped  to  manufacture  finished  crankshafts 
in  any  quantity  from  either  drop  or  hand  forgings. 

Our  thirty  years'  experience  in  this  line  has  enabled  us 
to  build  up  an  organization  with  a  reputation  for  quality, 
service  and  fair  dealing  that  cannot  be  equalled. 

We  will  welcome  the  opportunity  to  figure  on  your  re- 
quirements. 


ALSO  MANUFACTURERS  OF 

Cold  Drawn  Steel  Elevator  Guides,  Shafting, 

Screw  Stock,  Flats,  Squares,  Special  Shapes, 

Finished    Connecting   Rods,    Machine    Keys, 

Machine    Racks 


STANDARD  GAUGE  STEEL  COMPANY 

Beaver  Falls,  Pa. 


505    Capital    Theatre    Bid? 
Detroit.     Mich. 


BRANCHES: 

611     Harrison    Bid*. 
Philadelphia.    Pa. 


1240    Old    Colony    Bldg. 
Chicago,     III. 
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Chains  on  Tires 
Waste  Power 


During  tests  recently  made  by  the  National 
Research  Council  to  determine  the  rolling  re- 
sistance of  tires  and  the  power  necessary  to 
propel  trucks  over  different  types  of  road  sur- 
faces it  was  discovered  that  on  a  hill  having  a 
maximum  grade  of  5.13%  a  truck  without 
chains  would  roll  under  its  own  momentum 
for  a  distance  of  2700  feet,  while,  in  the  words 
of  Major  Ireland,  director  of  the  tests,  "we 
almost  had  to  get  out  and  push  the  truck  down 
the  hill  when  the  anti-skid  chains  were  on." 

"This,"  continues  Major  Ireland,  "indicates 
the  large  amount  of  additional  power  needed 
to  move  a  vehicle  equipped  with  anti-skid 
chains,  and  the  result  should  prove  a  strong 
argument  for  anti-skid  tires  which  should  give 
sufficient  traction  under  practically  all  condi- 
tions without  the  use  of  chains." 

Without  intending  to  do  so,  Major  Ireland 
has  described  Kelly  Caterpillars  very  ac- 
curately. 


Kelly  -  Springfield  Tire  Co. 

GENERAL  SALES  DEPARTMENT 

250  West  57th  Street,  New  York 


S.  A.  E.  Employment  Service 

Continued 


MEX  AVAILABLE 

0492  Mechanical  Engineer  Fifteen  years'  experience  designing 
and  constructing  passenger  and  commercial  vehicles.  Has 
made  a  specialty  ot  engine  design.  Prefer  New  York  City 
or  vicinity. 

0499  Mechanical  Engineer  University  graduate,  with  10  years' 
automotive  experience  possessing  considerable  inventive 
ability  and  designer  of  several  successful  engines  including 
the  air-cooled  type,  desires  position  with  company  interested 
in  developing  a  light-weight  air-cooled  car.  Is  competent 
to  take  charge  of  engineering,  design  and  experimental 
work.     Age.   34  ;  married.     Location,   immaterial. 

0500  Shop  Superintendent  or  Chief  Inspector  in  a  truck 
assembly  plant.     Twenty-one  years'   experience. 

0301  Mechanical  and  Automotive  Engineer  with  3  years' 
experience  in  the  shop  and  drafting  room,  a  keen  student 
in  industrial  and  shop  management  problems  and  possessing 
a  thorough  knowledge  of  the  various  production  methods. 
Is  capable  of  acting  in  the  capacity  of  assistant  superin- 
tendent. Age,  22;  single.  Detroit  or  vicinity  preferred 
but  not  essential. 

0502  Engineer  Eighteen  years'  experience  in  the  design  and 
production  of  automobiles  including  passenger  cars  and 
trucks.     Age,   33  ;  married. 

0503  Engineer  with  14  years'  automobile  engineering,  designing 
and  supervision  experience.  For  past  2  years  has  held  posi- 
tion of  assistant  engineer  of  prominent  automobile  company. 
Available  immediately. 

0504  Engineer  Ex-service  man  and  college  graduate  exper- 
ienced in  experimental  work,  design  and  manufacturing. 
Specialty,  the  elimination  of  both  manufacturing  and  service 
difficulties,  the  reduction  of  manufacturing  costs  and  the 
use  of  salvage  material  that  would  ordinarily  be  scrap. 
■Would  also  consider  positions  of  efficiency  engineer,  assistant 
engineer,  sales  engineer  for  gas  engine,  automobile  or  acces- 
sory manufacturer.  Married ;  2S  years  old.  Best  of 
references  guaranteeing  ability,  character,  integrity,  energy 
and  initiative  can  be  furnished. 

0505  Man  with  highest  grade  engineering  and  business  education, 
combined  with  twelve  years'  experience  in  engineering  and 
management  desires  position.  For  past  6  years  has  held 
position  of  manager  of  successful  manufacturing  company 
and  is  experienced  also  in  design  of  mine  structures,  sur- 
veying, investigation,  and  construction.  Record  will  bear 
closest  inspection.  Age,  37  ;  married.  Available  immediately. 
Location   immaterial. 

0506  Automotive  Engineer  Mechanical  engineering  graduate 
with  5  years'  experience  in  testing,  development,  tooling 
and  production  organization,  operation,  maintenance  and 
repair ;  also  drafting  and  design  and  some  business  train- 
ing. Has  held  executive  position.  Good  references.  Age. 
29  ;    married.     Available  at  once.      Location   immaterial. 

0516  Engineer  wishes  to  accept  the  responsibility  for  the  design 
of  some  part  of  a  car  such  as  axles  and  spring  suspension. 
or  to  act  as  sales  engineer  to  adapt  the  units  of  a  parts 
maker  to  requirements  of  possible  and  actual  customers. 
Experienced  along  both  lines  including  both  passenger  cars 
and  trucks,  and  specializing  on  axles,  engines  and  electrical 
equipment  Has  an  extensive  acquaintance  among  engineers 
and  is  accustomed  to  technical  writing  and  correspondence. 
Available  for  moderate  salary.  Location  Immaterial. 
Address :  Engineer,  P.  O.  Box  317,  Hartford,  Conn. 

0517  Engineering  Executive  An  S.  A.  E.  and  A.  S.  M.  E. 
member  is  available  for  position.  Energetic  and  resourceful 
with  over  20  years'  experience  in  design,  development 
work,  tooling  and  production  of  automotive  and  other 
mechanisms.       A     designer    of     a    successful,     high     quality 
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DESIGNING 


Experience-  teaches  that  the  greatest  benefits  accrue  to 
those  who  enlist  the  co-operation  of  and  build-in  the  ac- 
quired knowledge  of  advanced  artisans  and  specialists. 

Prior  to  a  few  years  ago,  it  was  absolutely  necessary  to 
design  six-throw  Crank  Shafts  so  that  the  drop  forger 
could  produce  the  forging  by  what  was  then  considered 
to  be  the  only  practical  method,  which  was  to  go  through 
snaking,  blanking,  finishing,  twisting  and  setting  operations 
)>!us  the  upsetting  of  the  03 

Today,  by  a  slight  change  in  the  old  design  that  many 


ineers    recognize    as    a    real    improvement,    six    throw 
Crank  Shafts  arc  being   forged  in  a  single  set  of  dies  in 
positive  position,  and  the  upsetting  of  the  flange  coropli 
the  forging. 

The  practicability  of  this  IMPROVED  METHOD  of 
forging  passed  through  the  experimental  stage  several  years 
ago,  and  the  resultant  advantages  are  very  evident  to  al! 
who  investigate. 

CANTON    TWISTLESS    CRANK    SHAFT    FORC- 
INGS  overcome  old    sources   of    faults,   and   add   lastin 
qualities  to  your  motor. 


At  your  service  for  the  asking 

CANTON  DROP  FORGING  &  MFG.  COMPANY 

CANTON,    OHIO 


CANTON 


CRANK 


SHAFTS 


VEHICLE  HARDWARE 


No.    9503 


Lamp  Brackets 

Hinges 
Hood  Fasteners 

MALLEABLE   IRON   CASTINGS 


No.  9507 


The  Eberhard  Manufacturing  Co. 


CLEVELAND,  OHIO 
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Refined  ~*  Open  Hearth 

ALLOY  STEEL 

Bars  Billets 

Slabs  Blooms 

Spring  Steel 

Cold- Drawn,  Annealed  and 

Heat-Treated  Bars 

have  made  an  enviable  place 
for  themselves  in  the  estima- 
tion of  leaders  in  the  auto- 
motive industry 


S.  A.  E.  Specifications 
and  Special  Analyses 

Send  for  this  Pocket  Manual 
ofS.  A.  E.  Analyses  and  Rec- 
ommended Heat  Treatments 


3Jnterstate2fnm&Steel  Co. 

104  South  Michigan  Avenue 
Chicago 


District  Offices 

Detroit        Cleveland        St.  Louis         St.  Paul 

Milwaukee      New  York       San  Francisco 

Kansas  City  Cincinnati 


S.  A.  E.  Employment  Service 

Continued 


MEN  AVAILABLE 


passenger  ear  and  skilled  in  interchangeable  production. 
Has  held  positions  of  chief  tool  and  machine  designer, 
experimental  development  engineer  and  chief  engineer. 
Wishes  to  connect  with  well-established  organization  where 
creative  and  organizing  ability,  initiative  and  good  address 
are  required.  Knowledge  of  French  and  German.  Married. 
Available   now. 

0518  Metallurgical  Engineer  possessing  strong  and  specific 
qualifications  and  competent  to  fill  responsible  position 
as  engineer  and  executive  desires  to  communicate  with 
company  requiring  the  services  of  such  a  man.  Has  held 
positions  of  metallurgical  engineer  and  sales  engineer  and 
has  been  factory  manager  for  past  4  years.  College 
graduate.  References  of  the  highest  order.  Full  details 
as   to   experience   and   qualifications   to   companies   interested. 

0519  Laboratory  Assistant  with  6  years'  experience  at  general 
laboratory  work,  engine  development  and  road  testing. 
Best  of  references.  Married.  Location  New  York  City  or 
Cleveland    but   not  essential. 

0520  Young  Engineer  Formerly  chief  draftsman  of  truck  com- 
pany with  Hi  years'  experience  in  engineering  department. 
Specialty,  design,  layout  and  engineering  specifications. 
.Married;   age.   30.      Middle   West  preferred. 

0525  Chief  Draftsman  with  10  years'  drafting  room  and  several 
years'  shop  experience  on  passenger  cars,  trucks,  and 
tractors  is  available  for  similar  position  or  assistant  engineer 
with  automobile  or  accessory  company.  Wide  experience  on 
chassis  design  including  engine,  transmission  and  axles. 
Well  versed  in  theory  as  well  as  practice.  Middle  West 
location   preferred.      Age,   31  ;    married. 

0527  Designer  and  Draftsman  Technically  educated  man  with 
3  years'  experience  in  truck,  tractor,  gasoline  engine 
and  ball  bearing  design.  Prefers  permanent  position  as 
junior  sales  engineer  or  position  leading  up  to  same.  Chicago 
or   vicinity   preferred.      Age,    2.".. 

0531  Automotive  Engineer  with  IT  years'  experience  in  design- 
ing and  building  passenger  cars,  trucks,  tractors  and 
engines  of  heavy-duty  and  aircraft  types.  Was  recently 
engaged  in  the  design  and  construction  of  large  heavy-duty 
air-cooled  engines  for  tractors.  Possesses  a  great  quantity 
of  valuable  data  on  air-cooling.  Technical  graduate.  Best 
of  references.  Salary  a  secondary  consideration.  Age,  32  : 
single.      Eastern  location   preferred. 

Aeronautical  Engineer  with  9  years'  experience  in  the 
design,  construction,  and  production  of  aircraft.  Thoroughly 
familiar  with  shop  practice.  Energetic  :  possesses  executive 
ability  and  originality.  Location.  West  preferred  but  not 
essential.  At  present  with  prominent  airplane  company  in 
the  East,  but  wishes  to  make  a  change.  Technical  graduate. 
Vge,    39  ;    married. 

0534  TOOL  Designer  Age  27.  Technical  education.  Machine 
shop  training,  with  experience  in  designing  tools,  jigs,  fix- 
tures, dies  and  special  production  equipment.  Able  to  plan 
operations.  Well  versed  in  modern  production  methods. 
I  ipen  for  engagement  in  shop  or  office.  Pacific  coast  pre- 
ferred. 

0535  Production  Manager  or  shop  superintendent  with  8  years' 
experience  in  experimental,  factory  cost,  planning  and 
modern  personnel  work  :  also  designing  bombing  planes, 
inspection,  drafting  and  instruction.  College  education. 
Age.  30  :  married.  New  York  or  vicinity  preferred  but 
would    consider    other    location. 

'.  Engineer  College  graduate  with  1"  years'  experience  in 
tool  design,  transmissions,  shop  methods,  drafting,  inspec- 
tion, factory  layout  and  designing  par.s  :  also  machine  work 
on  universal-joints.  Good  references  supplied.  Age.  28  ; 
married.     Location   immaterial. 
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Specialists  in  S.  A.  E. 

Screw  Product  Work 


Just  ;is  you  arc  a  specialisl  in  the  selection  of  materials, 
ensions  and  treatment   of  Automotive  units     so  are 
we  specialists  in  the  manufacture  of  Screw   Products  thai 
meet  \  our  requirement  s. 

Hardened  and  Ground  Parts  are  among  the  hesl   things 
thai   we  do.       Our  equipment  for  all  kinds  of  steel  and 
brass  specials  up  to 4"  diameter  is  ample  and  whollj  mod 
ern.     But  more  than  that,  our  intelligent  interpretation  is 
at  your  service. 

\nd  if  you  need  Plain  and  Castellated  S.  A.  E.  Nuts  or 
Cap  Screws — upset  or  milled — they  can  be  supplied 
promptly  from  stock.     Just  write  the  nearest  office. 

Specify  t<>  specialists  and  you  get   Service — satisfactory. 


THE  NATIONAL  ACME  COMPANY—  CLEVELAND 

Branch  Offices:    New  York,  Chicago,  Boston,  Detroit,  Buffalo 


Ask  any  user  what  he  thinks  of  MOLTRUP  STEEL  PROD- 
UCTS and  you  will  receive  a  recommendation  that  will  place  the 
name  MOLTRUP  in  your  purchasing  requisitions  for  ever  after. 
Moltrup  products  are  of  the  highest  quality  and  are  absolutely  ac- 
curate in  every  particular.  Our  Free  Cutting  Screw  Steel  is  the 
right  steel  for  accurate  screw  machine  work,  our  Shafting  a  uni- 
form, accurately  sized  and  straightened  bar,  both  made  by  masters 
of  the  cold  finishing  process. 

MOLTRUP    STEEL    PRODUCTS    ARE: 
Standard    and    Special    Shapes    in    Cold    Drawn    Steel;    Finished    Ma- 
chin.-     Keys;     Standard      Woodruff     Keys;      Finished     Machine     Steel 
Rack;     Flattened.     Ground     and     Polished     Steel     Plates     and     Discs; 
Foundry    Pattern    Plates    and    Core    Plates. 

Write  for   Catalogue  No.  I 

Moltrup  Steel  Products  Co, 

BEAVER  FALLS,  PA. 

REPRESENTA  T/VES: 
New   York    Office  Woolworth    Building 

Central  Bteel  .^  Wirt  [II      it    D.  Cushman  Co.,  « 

\I;i--,       Join,    i; 
Buffalo.   N.  Y.      \'.   A.    '■■! 
Sor folic,    V*.      Union    Iron   &   s;--«-i  Co.,   Clnclnnal      0 
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Model   500 

DASH  AMMETERS 

Standard  Equipment  on  many  of  America's  leading 
cars.  Their  simple  and  rugged  construction  adapt 
them  for  long  and  satisfactory  service. 

Volume  production,  long  experience,  modem  daylight  plant  of  fireproof 
construction,  up-to-the-minute  special  machinery,  economical,  efficient  man- 
agement, low  "overhead"  expense,  a  beautiful  thoroughly  reliable,  time- 
tested  product:  these  are  the  advantages  which  we  share  with  those  car 
manufacturers  who  make  STERLING  ammeters  standard  equipment. 
Flush  or  projecting  cases  in  any  style  or  finish.  Etched  metal  dials 
finished  In  black  or  silver,  any  scale. 

Write    for    descriptive   matter,    samples    or   quotations. 

THE  STERLING  MFG.  CO. 

2831-53     Prospect     Ave.,     Cleveland,     Ohio 

Detroit    Office,    1309   Kresge    Bldg. 
3E 


MULTIBLADE   FAN 


DETROIT 


CARRIER    & 

DETROIT,  U.  S.  A. 


MFG.    CO. 


S.  A.  E.  Employment  Service 

Continued 
MEN  AVAILABLE 

0537  Mechanical,  Engineer  Technical  graduate  desires  position 
with  firm  building  automobiles  or  automobile  engines.  Is 
willing  to  start  in  a  minor  position  with  opportunity  to 
be  in  contact  with  high-grade,  aggressive  men,  and  where, 
when  worth  is  proved,  advancement  would  follow  to  more 
responsible  position.  Age,  26 ;  single.  Pacific  coast  pre- 
ferred but  not  essential.     Available  July  1. 

0540  Sales  Engineer  possessing  a  wide  acquaintance  among  the 
automotive  engineers  and  purchasing  agents  in  Michigan, 
Indiana,  Ohio  and  Wisconsin  desires  position  on  either  salary 
or  commission  basis.  Specialty,  pistons  and  piston-rings. 
Age,    35  ;   married. 

0541  Mechanical,  Engineer  Technical  graduate  with  5  years' 
experience  in  the  design  and  production  of  medium  priced 
passenger  cars  with  well-known  company,  also  3  years 
in  sales  and  service  work  and  2  years  in  aeronautic  work, 
desires  position  as  engineer  or  assistant  executive.  Has 
considerable  experience  in  technical  writing  and  research. 
Age,  35 ;  married.  Mid-west  location  preferred  but  not 
essential. 

0542  Mechanical,  Engineer  well  trained  in  scientific  and  en- 
gineering fields,  with  wide  experience  in  the  various  branches 
of  the  industry,  including  production,  inspection,  testing 
and  designing.  Has  made  a  special  study  of  engine  and 
chassis  design  and  possesses  a  broad  and  well-balanced 
knowledge  of  the  requirements  necessary  for  bringing  out 
a  product  that  will  compete  successfully  in  the  open  markets 
and  that  will  satisfy  the  demands  of  the  buyer  of  tomorrow. 
Age,  35  ;  married.  Only  a  permanent  connection  considered. 
Address:  G.  A.  L.,  Box  273,  Conneautville,  Pa. 

0543  Automotive  Engineer  with  22  years'  practical  experience 
including  technical  training,  designing,  producing  and 
marketing  high-grade  motor  cars,  trucks,  busses  and 
special  body  work  desires  to  connect  "with  firm  planning  to 
carry  out  new  designs  and  who  will  appreciate  conscientious 
worker.  Executive  engineer  as  well  as  competent  cor- 
respondent with  thorough  knowledge  of  the  material  field 
and  costs  and  capable  of  producing  exclusive  and  original 
models.  Can  submit  developed  designs  of  originality  and 
exceptional  possibilities  for  the  manufacturer.  Available 
at  once.  Age,  41 ;  married.  Central  West  preferred  but 
not  essential. 

0552  Assistant  Chief  Engineer  with  15  years'  automotive  exper- 
ience in  the  largest  automobile  plants  in  the  country  and 
successfully  holding  the  same  position  at  present.  Member 
S.  A.  E.  for  past  6  years. 

0553  Experimental,  and  Research  Engineer  Recognized 
authority  in  this  field  who  has  held  position  of  consulting 
engineer  for  two  of  the  most  prominent  companies  in  the 
country.     Age,   43  ;  married.     Eastern  location  preferred. 

0554  Automotive  Engineer  Technical  graduate  with  12  years' 
practical  experience  in  designing,  production,  system  instal- 
lation on  trucks  both  gas  and  electric,  bearings,  batteries, 
and  accessories.  Has  had  a  wide  experience  on  production 
and  three  years  in  shop  and  industrial  work.  Fully  capable 
to  plan  and  carry  out.  Production  work  in  the  East  pre- 
ferred.    Available   at  once.     Married;   age,    38. 

0555  Mechanical.  Engineer  Technical  graduate  with  7  years' 
practical  engineering  experience  in  experimental,  design, 
physical  testing  and  inspection ;  three  years  in  automotive 
and  1  yk  years  in  ball  bearing  work.  Age,  27 ;  married. 
Best  of  references.     Any  location. 

0556  Chief  Engineer  or  Factory  Manager  Eighteen  years'  ex- 
perience in  design,  production,  service  and  marketing  of 
metal  products.  Technical  graduate;  37  years  old;  married. 
Highest  references  as  to  ability,  integrity  and  energy.  Par- 
ticularly familiar  with  accurately  finished  parts  produced  in 
large  quantities.     Any   location.     Available  on  short  notice. 


(Continued  on  page  78) 


See  announcement  at  the  head  of  the  S.  A.  E.  Employment  Service 
column,  page  58. 
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OXG  production  facilities  have  kept  pace 
J-/  with  the  development  of  the  automotive  in- 
dustry for  twenty  years.     During  this  time  we 

have  built  up  an  engineering  department  trained 
to  give  fullest  co-operation  to  manufacturers, 
and  a  plant  equipped  to  handle  the  largest  and 
most  exacting  orders.  Manufacturers  of  cars, 
trucks,  tractors  or  other  automotive  products 
will  find  here  an  organization  that  has  fully 
demonstrated  its  dependability  since  the  earliest 
days  of  the  industrv. 


LONG  MANUFACTURING  CO. 


Detroit,  Mich. 
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FRANKLIN 


DIE- CASTING^ 


Made  by  Machines  Based  on 

Thirty  Years' 
Experience 

The  machines  used  in  the  manufacture  of  Franklin 
Die-Castings  are  the  result  of  30  years'  experience  in 
the  designing  and  use  of  die-casting  equipment. 

They  range  from  the  simple,  hand-operated  types 
in  constant  service  since  Franklin  engineers  origin- 
ated the  industry  in  1892  — and  which  for  certain  cast- 
ing work  have  never  been  equaled  — to  the  various 
forms  of  modern  air-driven  and  power-driven  ma- 
chines. 

This  same  lengthy  Franklin  experience  also  insures 
expert  knowledge  in  the  designing  and  manufacture 
of  the  dies,  and  in  the  inspection  and  casting  of  the 
metals.  It  has  been  an  important  factor  in  making 
Franklin   Die-Castings  a  world  standard  for  quality. 

We    quote  from    samples  or   blueprints.      Write 

for  booklet:     "Franklin  Die-Castings  in  Modern 

Inventions-  " 

Franklin  Die-Casting  Corporation 

Gifford  and  Magnolia  Streets  Syracuse,  N.  Y. 


S.  A.  E.  Employment  Service 
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0557  Automotive  Engineer  Technical  graduate  who  is  especially 
interested  in  gas-engine  development.  Experienced  in  exper- 
imental testing,  designing,  production,  assembly,  dyna- 
mometi  r  t<  st  of  eight-cylinder  V-type  light  truck  and 
tracior  engines  ;  6  months  with  prominent  company  as 
machine  operator,  adjuster,  toolsetter  and  inspector  and 
one  year  with  Government  studying  steam  and  gas  power- 
plants.      Available    now.      Any    local  ion.      Age,    27 ;    single. 

Technical  Graduate,  30  years  <-i  age  desires  to  make  a 
change  in  location.  Five  and  one-half  3  ears'  experience 
as  metallurgist  and  engineer  of  tests  in  ball-bearing  indus- 
try and  1  %  years  as  metallurgist  in  motorcycle  industry. 
Any  location.      Married. 

0559  Enginekr  with  extensive  experience  in  experimental  field 
work,  gas  engineering,  installing  internal-combustion  engines 
and  general  assembling;  also  research  ami  inspection.  Best 
of  references  furnished. 

0560  Automotive  Excixeer  who  has  had  G  years'  experience 
as  layout  man  and  designer  on  general  chassis  work  would 
like  position  in  automotive  or  allied  line  where  above 
experience  can  be  used.  i.g<  26  married.  New  York  City 
or    vicinity    preferred. 

0561  Graduate  Exgixeei;  Ex-service  nan  with  experience  in 
manufacturing  tools,  gages,  jigs  and  fixtures,  also  in  pro- 
duction, inspection,  magnetos  and  components  and  sales. 
Has  held  position  of  assistant  inspection  engineer.  Age, 
33  ;    married. 

-  166  Exgixeer  Carburet)  r  spei  ialist  with  20  years'  experience 
in  all  branches  of  automotive  industry.  Age.  AS:  married. 
Location   immaterial. 

0569  Engineer  is  available  for  a  position.  An  energetic  worker, 
producer  and  a  close  student  of  the  business  with  extensive 
experience  in  sales  work.  Has  held  positions-  of  branch 
and  district  manager.  Married.  Headquarters  wherever 
desirable. 

0570  Engineer  with  broad  experience  in  the  design  of  trucks 
and   truck   axles. 

0574  Engineer  with  5  years'  experience  in  the  automotive  industry, 
desires  a  position  with  automobile,  truck.  Engine 
or  accessory  company  as  manager,  assistant  manager, 
salesman  or  representative.  Possesses  executive  ability  and 
has  held  the  positions  of  manager  and  purchasing  agent. 
Would  consider  foreign  location  i.gi  26;  single.  Available 
at   once. 

0575  Sales  and  Automotive  Engineer  is  available  as  executive 
in  sates  or  advertising,  branch  management,  or  expert 
supervision.  Has  bad  is  years'  experience  in  automotive 
work  including  sales,  advertising,  manufacturing  organization, 
service  finance  and  exporting  of  automobiles,  trucks  and 
accessories.  Now  occupies  position  as  New  York  branch 
manager  for  prominent,  automobile  company  but  seeks  greater 
opportunity  and  larger  income.  New  York  or  Metropolitan 
District  preferred.  Age.  39.  Available  at  an  early  date. 
Inferences  of  highest  character  and  record  of  personal 
achievement  available. 

0576  Writer  on  automotiv*  electrical  subjects  is  available  for 
either  permanent  position  or  assignment  writing.  Has 
written  many  electrical  articles  for  one  of  the  largest 
automobile  trade  papers  in  the  country  ;  also  course  on 
automobile  ignition.  Many  years'  experience  in  service, 
engineering,  and  teaching  of  automobile  electrical  subjects. 
Details  on   request. 

0577  Radio  Writer  The  author  of  many  electrical  articles  for 
one  ol  the  largest  automobih  trade  papers  in  the  country 
and  experienced  in  teaching  ami  presenting  difficult  sub- 
jects m  a  simple  way  flesh  1  s  connection  with  a  reliable 
publisher  who  wishes  to  put  out  a  really  good  book  on 
this  subject,  At  present  is  writing  book  on  Radio  Receiv- 
ing, which  is  neither  a  technical  treatise  nor  a  cheap  edition 
hi! tin;:    the    higl  only,    but    a    careful    explanation    of 

(Coittinut  d   0  1  page  80) 

See  announcem-m:  at  the  head  of  the  S.  A.  E.  Employment  Service 
column,  page  5S. 
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CHigh  pressure  lubricating  system 

Providing  the 
Ounce  of  Prevention 

Dry,  grit-coated  chassis  bearings  mean  excessive 
friction  and  wear,  squeaks  and  rattles,  big  service 
bills,  disgruntled  car  owners. 

You  are  the  loser,  Mr.  Manufacturer,  if  you  fail  to 
provide  your  car  with  means  for  convenient  and 
thorough  lubrication. 

With  Alemite  the  car  owner  can  quickly  pack  any 
bearing  with  fresh  lubricant  under  500- lb.  pressure. 
Alemite  makes  it  easy  to  reach  out-of-the-way 
places.  Alemite  is  positive,  economical  lubrication. 

Today,  more  than  300  automotive  manufacturers 
are  supplying  Alemite  as  standard  equipment. 

Because  it  will  help  save  many  preventable  repairs 
and  the  other  evils  which  follow  in  the  wake  of 
inadequate  chassis  lubrication  Alemite  should  be  on 
the  car,  truck  or  tractor  you  build. 


ror  best  results  use  Alemf.' 
Lubricant  with  the  A  It  mile 
System.  It  tsfiur*  solidified  oil 


The  i  omfiressor  hose  is  Quickly 
and  positively  attached  by  the 
Alemite  lioyonet  Loth,  an  ex- 
clusive patent 


A.  Product  of 

THE  BASSICK   MANUFACTURING  CO. 

2650  North  Crawford  Avenue,  Chicago,  Illinois 

Alemite  Products  Company  of  Canada,  Ltd. 
Belleville,  Ontario 


80 


THE    JOURNAL,    OF    THE    SOCIETY    OF    AUTOMOTIVE    ENGINEERS 


June,   1922 


wzi 


For  wearing  parts 

that  must  function 

as  insulators,  use 

Vul-Cot  Fibre 


The  ease  with  which  Vul-Cot 
Fibre  is  machined,  drilled, 
stamped,  sawed,  and  threaded 
has  gained  it  wide  use  for 
parts  that  were  formerly 
made  of  hard  rubber,  raw- 
hide, horn,  leather  and  cellu- 
loid. 

]'ul-Cot  Fibre  is  uniform  in 
density.  It  has  no  hard  or 
soft  spots,  neither  is  there 
any  grit  or  similar  substance 
in  it  to  dull  edged  tools. 

You  can  purchase  Vul-Cot 
Fibre  in  sheets,  rods  and 
tubes.  We  will  also  machine 
it  to  your  specifications. 

Think — Where  can  you  use 
Val-Cot  Fibre  in  place  of 
some  other  material  that 
costs  more  to  buy  and  work? 
Perhaps  our  comprehensive 
book,  "The  Material  With  A 
Million  Uses,"  will  suggest  to 
you  many  ways  in  which  you 
can  save  money  through  the 
use  of  this  most  handleable 
of  materials. 

Where  shall  we  send  the 
book?  We'll  also  send  a  sam- 
ple of  Vul-Cot  Fibre  with  it. 

AMERICAN  VULCANIZED  FIBRE  CO. 
521    Equitable  Bldg.,  Wilmington,   Del. 

SALES  OFFICES 
PHILADELPHIA  CLEVELAND      9   CHICAGO 


*^f 


V/cdOn  A  god 

»^£*     WtsTtrn  £l*t*ne  Company 


C-ATixAk^R    AjJWlll 

Ab*7*wrw  /"/ivfrhr  Corrrparty 

"OIHIll    TOIOITO    OTMMIPfa 


Make  it  of  VULrCOT  Fibre 
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MEN  AVAILABLE 

underlying  principles  and  their  practical  application  and  is 
suitable  not  only  for  individuals  but  also  for  teaching  the 
subject  in  high  schools.  Further  information  or  samples 
of  first  chapters  on  request. 

0578  Mechanical  Engineer  wants  position  with  a  progressive 
company.  Fourteen  years'  practical  experience  in  the 
design  of  trucks,  tractors,  engines  and  other  work  and  in 
charge  of  engineering  department.  Also  possesses  shop 
experience  on  manufacturing  methods  and  experiments  on 
varied  product.     Age.  36  ;  single.     Location,  immaterial. 

0552  Body  Engineer  Expert  draftsman  and  body  builder  with 
full  knowledge  of  the  construction  of  all  kinds  of  high-class 
custom  body  work  as  well  as  sample  bodies,  forms,  jigs,  etc, 
for  production  purposes.  Is  familiar  with  painting,  trim- 
ming, writing  of  specifications  and  general  manufacturing 
practice  acquired  through  more  than  20  years'  experience 
in  the  vehicle  trade. 

0553  Young  Engineer  with  experience  in  airship  and  airplane 
engineering,  research  and  production.  Age,  24  ;  single. 
Technical    graduate. 

05  S4  Graduate  Mechanical  Engineer  with  8  years'  exper- 
ience in  automotive  design  and  production.  Has  held  posi- 
tion as  designer  and  chief  engineer  and  is  experienced  also 
in  experimental  work,  testing  and  production,  of  rotary 
valve  vertical  and  V  type  engines.  New  England  or  New 
York  City  preferred.     Salary  reasonable.     Available  at  once. 

05S5  Engineer  Technical  graduate  with  exceptional  education 
and  experience  who  has  held  positions  of  mechanical  en- 
gineer in  designing  and  experimental  work  on  air-cooled 
and  water-cooled  six-cylinder  cars,  and  consulting  engineer 
both  abroad  and  in  this  country.  Experienced  in  internal- 
combustion  engines,  automotive  products  and  special 
mechanical  apparatus ;  instruction  at  officers  training  school 
in  mechanical  transport  subjects  and  airplane  engine  design  ; 
advisory  work  as  well  as  consulting  work  on  automobiles 
and  automotive  products  and  purchasing.  Best  of  refer- 
ences. 

0586  Man  with  17  years'  practical  experience  in  automotive  con- 
struction and  competent  to  act  as  production  manager  or 
engineer  or  supervisor  of  inspection,  would  consider  position 
as  sales  engineer  or  mechanical  representative.  At  present 
employed  in  this  capacity.  Age.  41  ;  married.  Detroit  pre- 
ferred but  not  essential. 

05S9  Chief  Inspector  desires  to  establish  connection  with  a  good 
company  with  chance  for  advancement  in  that  capacity  or 
as  assistant  engineer  or  chief  draftsman.  Fifteen  years' 
experience  in  automobile  engineering  and  production.  Middle 
West  preferred.  Address.  G.  H.  S..  99  Marston  avenue, 
Detroit. 

0590  Executive  and  Designing  Engineer  Patentee  of  engines, 
axles,  etc.,  with  long  years  of  experience  with  leading 
builders  of  automotive  vehicles  and  their  component  units 
and  parts   will  be  available  July   1.     Location  immaterial. 

0591  Engineer  Man  with  technical  education  and  4  years' 
experience  in  automotive  design  and  construction  who  is 
capable  of  taking  a  position  of  responsibility  with  an  auto- 
mobile or  aeronautical  company.  Age,  24  ;  single.  New 
York  City  or  vicinity  preferred.     Available  June  15. 

0592  Engineer  English  university  graduate  who  served  for  5 
years  in  Army  as  inspector  of  mechanical  transport.  Has 
held  positions  of  marine  engineer,  designer  of  engines,  trac- 
tors, electrical  work,  pumps,  airplanes,  carbureters  and  in- 
vestigating liquid  fuels  and  has  been  with  a  prominent 
company  making  special  investigations  on  engine  problems 
as  technical  advisor,  production  manager,  designer,  and 
development  engineer.  At  present  manufacturing  radio 
apparatus  but  is  available  any  time.  No  preference  as  to 
location.     Would  go  abroad.     Age.  44  ;  married. 

(Continued  on  page  82) 

See  announcement  at  the  head  of  the  S.  A.  E.  Employment  Service 
column,  page  58. 
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Overwhelming 
Preference 

More  than  all  other  makes 
combined,  in  Europe 

More  than  any  other  make 
in  America 

Very  high  fuel  prices  make  economy  the  chief  re- 
quirement of  a  carburetor,  in  foreign  built  cars.  The 
simple  fact  that  Zenith  carburetors  are  standard  equip- 
ment on  more  foreign  built  cars  and  trucks  than  all  other 
makes  combined,  is  unanswerable  evidence  of  the  way 
they  excel  in  this  respect. 

But  Zenith  efficiency  means  more  than  greater  econ- 
omy. Its  automatic  adjustment  gives  perfectly  balanced 
mixture  at  all  speeds,  temperatures  and  altitudes.  En- 
gineers know  this  positive  maintenance  of  ideal  mixture, 
under  all  conditions,  means  the  highest  efficiency  in  the 
operation  of  any  gas  engine. 

That  is  why,  here  in  America,  where  economy  is  not 
always  the  chief  factor,  Zenith  carburetors,  in  a  few  years 
have  become  standard  equipment  on  more  than  ioo  makes 
of  cars  and  trucks. 

ZENITH  CARBURETOR  CO., 

Detroit,  Mich. 
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FAFNIR 

There  Is  a  Fafnir  Ball  Bearing 
for  Every  Application 


Three    types    of 

Fafnir  Ball  Bear- 
ings are  here  il- 
lustrated. 

The  F  a  f  n  i  r 
Single  Row  Radial 
Ball  Bearing  is 
best  in  most  cases 
involving  radial 
load  or  radial  load 
plus  moderate 
end  thrust  in  one 
or  both  directions. 

The  F  a  f  n  i  r 
Double  R  o w 
Radial  Ball  Bear- 
ing is  particular- 
ly advantageous 
when  a  mounting 
of  minimum  diam- 
eter is  desired  or 
necessary. 

The  F  a  f  n  i  r 
Double  Ron- 
Radial  -  Thrust 
Ball  Bearing  is 
designed  for  car- 
rying combined 
radial  and  heavy 
thrust  loads  in  one 
or  both  directions. 


Fafnir  Bull  Bearing* 
are  manufactured  in  all 
standard  types  and 
>izes — there  is  a  Fafnir 
for   every   application. 


THE    FAFNIR    BEARING    COMPANY 

Conrad    Patent    Licensee 
New  Britain,  Conn. 


DETROIT    OFFICE: 

752   David  Whitney  Bide. 

CLEVELAND     OFFICE: 

1016-1017     Swetland    Bids. 


CHICAGO    OFFICE: 

537    So.   Dearbnrn    St. 

NEW    YORK    OFFICE: 

5    Columbus    Circle 
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0593  Engineer  with  4  years'  experience  as  mechanical  drafts- 
man, one  year  as  department  supervisor  and  2  years  as 
sole  distributor  for  states  of  Pennsylvania  and  New  Jersey 
for  firm  dealing  in  automobile  parts.  Position  of  distributor 
preferred   but  not  essential. 

0594  Engineer  Aged  33  and  married  is  available  for  a  position. 
Has  held  positions  of  superintendent  of  machine  shop  in 
charge  of  machine  work  on  street  cars,  steam  cars  and 
buses;  also  has  had  charge  of  the  manufacture  of  auto- 
mobile  front  axles,  rear  axles  an. I  steering  eear?.  Was  chief 
inspector  for  3  years  with  Government,  foreman,  toolmaker 
doing  experimental  work  and  manager  of  garage  and  machine 
shop  for  3  years.  Massachusetts  preferred  but  not  essential. 
Available  now. 

0595  Service  Engineer  with  wide  experience  in  handling  Meet 
equipment  with  executive  ability  in  handling  men  and 
getting  results.  Graduate  engineer  with  exceptional  ability 
on  heavy-duty  and  truck  engines.  Five  years'  experience 
in  manufacturing  and  9  years'  service  work.  Reliable  and 
competent.  Location.  Boston.  Available  in  10  weeks'  time. 
Best  of  references  supplied. 

POSITIONS  AVAILABLE 

229  Mechanical  Research  Engineer  with  good  technical  edu- 
cation and  welt  established  in  theory  and  experienced  in 
practice,  both  in  the  design  of  the  mechanism  used  in  com- 
puting and  typewriting  machines  together  with  a  knowledge 
of  tooling  methods  for  the  accurate  production  of  small 
stamped  and  machined  parts  requiring  close  tolerances.  A 
man  preferably  American  born  and  about  3">  years  old  who. 
within  the  past  3  or  4  years,  lias  been  employed  in  experi- 
mental development  work.  Must  be  willing  to  develop  the 
ideas  of  others  until  he  proves  his  ability  to  develop  his  own 
and  be  capable  of  managing  a  department  composed  of  engi- 
neers and  mechanics.  Position  offers  a  chance  to  advance  to 
assistant  chief  engineer. 

230  Sales  Manager  with  practical  uptodate  methods  for  the 
distribution  of  passenger  cars  and  trucks  is  wanted  by  a  live 
new  organization.  Preferably  a  man  familiar  with  approved 
distribution  and  sales  discount  methods.     Location,   Boston. 

241  Salesmen  Two  or  three  first-class  men  are  wanted  by  a 
company  in  Philadelphia.  Necessary  to  have  unquestioned 
production  records  as  city  salesmen  on  automobiles  in  a 
retail   way. 

245  Salesmen  with  sufficient  engineering  ability  so  that  they  are 
familiar  with-  internal-combustion  engine  detail  and  can  talk 
with  repair  shop  men  on  subjects  in  which  they  are  interested 
and  in  which  the  company  is  interested,  particularly  pistons, 
cylinders  and  the  packing  of  pistons.  Considerable  territory 
open  for  men  having  this  ability  and  several  branches  open 
where  sales  managers  are  needed.     Location,  New  York  City. 

•258  Body  Layout  and  Detail  Draftsman  A  first-class  man  is 
wanted  by  plant  located  at  Syracuse. 

266  Wholesale  Automobile  Salesmen  One  or  two  good  men  to 
work  under  district  manager,  covering  several  states  in  Chi- 
cago territory. 

•269  Man  to  call  upon  the  engineers  and  sales  managers  of  the 
automobile  builders.  Must  possess  sales  ability  in  connection 
with  engineering  experience,  be  able  to  talk  with  the  auto- 
motive engineers  in  their  own  language,  and  have  the  ability 
to  put  sales  over.     Location.  Albany. 

270  Salesmen  and  district  sales  managers  are  needed  by  com- 
pany in  New  York  City. 

271  Sales  Manager  with  mechanical  knowledge  and  thorough 
sales  experience  to  manage  the  sales  of  an  automotive  spe- 
cialty. Unusual  opportunity  for  an  energetic  ambitious 
man  to  build  a  future.     Location,  New  York  City. 

(Continued  mi  page  86) 
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WINDOW    REGULATORS 


jT\URA  Window  Regulators 
are  simple  in  design,  easily 
operated,  and  the  utmost  in  reli- 
able efficiency. 


7Ae  DURA  COMPANY 


Toledo ,  Ohio. 
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WINDOW    REGULATORS 


We  Sit  on  Your  Side  of  the  Desk 


THERE  are  only  about  129  automobile  manu- 
facturers in  the  United  States.  That  means, 
in  building  our  own  business,  we  had  to  sit  on 
your  side  of  the  desk. 

Starting  with  only  two  customers  in  1917,  our 
business  has  grown  until  now  Dura  Window 
Regulators  are  used  on  far  more  closed  cars  than 
any  other. 

We  are  proud  of  having  this  reputation  — -  once  a 
contract  is  given  to  the  Dura  Company,  a  manufac- 
turer knows  everything  -will  be  all  right.  He  knows 
he  will  get  the  easiest  and  simplest  ventilation  in 
his  closed  models,  for  the  least  final  cost. 

We  start  with  your  body  drafts  and  lay  in  the 
best  of  the   three   types  of  that   particular  job. 


Then  the  samples  are  made  and  checked  by  a 
sample  installation. 

Our  man  is  on  the  job  with  the  arrival  of  the  first 
quantity  shipment.  He  shows  all  we  know  about 
installing  regulators  accurately  and   economically. 

This  installation  service  continues  as  often  as  neces- 
sary so  long  as  production  continues.  All  this  we 
believe  is  good  business  insurance. 

In  the  last  analysis,  we  are  both  striving  to  please 
the  ultimate  consumer — the  closed  car  owner! 

For  no  matter  how  well  we  make  our  regulators, 
if  they  are  not  properly  installed  in  the  proper 
windows,  they  cannot  render  easy,  quiet  and 
permanent  satisfaction  to  the  car  owner. 

Let   us   consult   with  you   concerning  your  needs. 


r 
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LEVER  TYPE 

This  quick-acting,  LeverType 
Dura  raises  or  lowers  the  win- 
dow instantly     -  with  less  than 
half  a  turn. 


CLEMENT  TYPE 

This  type  most  satisfactorily  meets  every 

need  for  rear  windows  or  other  windows 

where  the  operating  handle  must  be  out 

of  the  way. 


CRANK  TYPE 

A    crank  operating  regulator 

with  less  than  thirty-five  parts 

with  the  simplest   locking 

means  known. 


7Ae  DURA  COMPANY 


Toledo ,  Ohio. 
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STANDARD  STEEL  SPRING  CO. 

CORAOPOLIS,   PENNA. 

make  frequent  long  time,  or  life  tests,  on  their  springs  as  one  method  of 
control  in  maintaining  the  high  quality  of  their  product.  This  test  con- 
sists of  complete  reversals  of  the  spring  at  the  rate  of  more  than  5600  per 
hour  until  failure  occurs. 

Vanadium  Steel  Springs 

have  longer  life  than  any  others  under  this  test.  They  rarely  fail  under 
50.000  deflections. 


Let  our  Metallurgical  Department  help  you  solve  your  steel  problems. 

Vanadium  Corporation  of  America 


120  Broadway,   New  York 


Chicago 208    S.    LaSalle    Street 


Detroit — 849   Book    Building 
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SPRINGS 


When  the  first  "horseless  carriage"  came  into  being  we 
were  making  springs,  and  we  have  been  assisting  the  auto- 
motive engineers  of  the  country  to  develop  proper  springs 
since  the  industry  was  born. 

Furthermore,  the  same  men  constitute  our  engineering  staff 
as  when  the  first  "one  lunger"  was  driven  the  first  mile. 

And  all  this  experience  in  our  field  is  yours  just  for  the 
asking.  Send  us  your  problems  in  springs ;  we  can  help  you — 
and  will. 

We  also  have  a  booklet  on  springs  which  will  interest  you. 
Send  for  your  copy  now. 

We   have  Made  Springs  in   Chicago   Over   Fifty  Years 

THE  WM.  D.  GIBSON  CO. 

1800  Clybourn  Ave.  Chicago,  III. 


North  East  Ignition-Generators  with  full 
automatic  advance  are  now  available'.  They 
are  built  for  plain  cradle  mounting  or  with 
standard  S.  A.  E.  base  or  flange. 

NaRTH  East  Electric  Ca. 


Rochester 


N.Y.    U.S.A. 


Manufacturers  of 

Starter-Generators  Starting  Motors 

Generators  Ignition-Generators 

Ignition  Sets  Electric  Horns 

Speedometers 


S.  A.  E.  Employment  Service 
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POSITIONS  AVAILABLE 

•272  Die-Casting  Representative  Strictly  high-grade  experi- 
enced man  is  desired  by  plant  located  in  Pennsylvania. 

•273  Sales  Engineer  for  engine  and  transmission  department. 
Should  be  a  graduate  of  some  good  technical  school  as  well 
as  have  had  practical  experience  in  the  design  and  building 
of  engines  and  transmissions  ;  not  an  experimenter  but  on» 
that  can   produce   the   goods   is   desired.     Location.   Pennsyl- 


275  Automotive  Engineer  Company  wishes  to  get  in  touch  with 
middle  aged  man  of  high  reputation  and  ability  with  editorial 
and  advertising  experience  whose  general  appearance  will 
invite  interview  and  confidence.  An  investment  of  several 
thousand  dollars  will  be  necessary,  and  large  returns  may 
be  easily  realized  by  investor.  Full  particulars  at  Inter- 
view, but  not  by  mail.  Address,  Miller  &  Glass,  289  Fourth 
Avenue,   New  York  City. 

280  Senior  Engineer  Salary  $2,100-52.700  and  junior  engineer, 
salary  $1,320-$1,9SO  with  Interstate  Commerce  Commission 
for  the  valuation  of  property  of  common  carriers.  For 
further  information  address  John  T.  Doyle,  secretary  United 
States   Civil    Service   Commission,    City  of   Washington. 

281  Junior  Engineer  and  Deck  Officer  in  the  United  States 
Coast  and  Geodetic  Survey,  salary  $2,000-$2,240.  Examina- 
tion until  June  22.  For  further  information  address  John 
T.  Doyle,  secretary  United  States  Civil  Service  Commission, 
City   of  Washington. 

283  Computer  in  the  United  States  Coast  and  Geodetic  Survey, 
for  duty  in  the  City  of  Washington,  at  a  salary  of  $1,4  00 
and  at  Manila.  P.  I.,  at  a  salary  of  $2,000.  For  further 
information,  address  John  T.  Doyle,  secretary,  United  States 
Civil  Service  Commission.  City  of  Washington.  Examination 
until  Aug.   10. 

284  Assistant  Examiner  in  the  Patent  Office  at  Washington ; 
salary  $l,500-$3,900.  Examination  until  Aug.  23.  Further 
information  can  be  secured  from  John  T.  Doyle,  secretary, 
United  States  Civil  Service  Commission,  city  of  Washington. 

2S5  Engineer  in  the  Bureau  of  Standards.  City  of  Washington 
at  a  salary  of  $2.800-$4.000 ;  also  associate  engineer  at  a 
salary  of  $2.000-$2.S00  and  assistant  engineer  with  a  salary 
of  $1.500-$1,800.  For  further  information  address  John 
T.  Doyle,  secretary.  United  States  Civil  Service  Commission, 
City   of  Washington. 

286  Technical  Salesman  Manufacturing  corporation  raising 
its  own  capital  to  market  a  most  profitable  line  of  new 
machinery,  can  use  a  few  salesmen  to  aid  in  the  present 
financing  campaign.  After  sufficient  capital  is  raised,  the 
men  will  be  placed  in  manufacturing  sales  department  where 
large  earnings  are  assured.  Call  at  the  office  to  see  the 
machinery  and  investigate  the  proposition.  Address :  John 
Cetrule,  secretary.  Triplex  Machine  Tool  Corporation,  18 
East  41st  Street,  New  York  City. 

•287  Sales  Engineer  with  experience  in  bearing  engineering, 
preferably  a  man  with  ball  bearing  engineering  and  sales 
experience  and  familiar  with  the  automotive  industry. 
Location,  Philadelphia. 
289  Engineer  wanted  for  transportation  department.  Work 
involves  making  detailed  analyses  of  delivery  systems  and 
will  eventually  lead  to  sales  work.  Among  other  tilings 
state  age,  previous  experience  and  education.  Location, 
suburb  of  New  York  City. 

•291  Carbureter  Sales  Engineer  Carbureter  manufacturer  has 
an  opening  for  a  man  who  must  have  technical  ability  to 
make  factory  tests  and  be  able  to  talk  to  factory  engineers 
in    their  own   language.      This  is  a  road  job  working  out  of 


(Continued  on  page  88) 
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Strom  Bearing  Equipped 


U.  S.  BALL  BEARING  MFG.  COMPANY 


(Conrad  Patent  Uccnia) 


4533  Palmer  Street  *  Chicago,  Illinois 
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The  Largest  Manufacturer 
Finishing  Both  Crankshafts 
And  Camshafts  Exclusively 

200,000 

motors  built  annually  for  passenger 
cars,  tractors  and  trucks  are  timed 
by  our  camshafts  and  driven  by  our 
crankshafts. 

Mr.  Motor  Builder,  our  experience 
and  facilities  merit  your  considera- 
tion. 

Jackson  Motor  Shaft  Company 

JACKSON        -         -        -         MICHIGAN 


Keeps  Springs  Young 

CENTER-FED  SPRING  INSERTS,  keep  springs 
young — like  new — permanently.  They  need  never  to 
know  the  pinch  of  age — rust's  ruin,  stiffening,  or  the 
inability  to  prevent  the  ruinous  vibration  that  seeks 
to  rend  the  carefully  adjusted  mechanism  of  the  car; 
causing  premature  breakdowns  and  costly  repairs. 

Besides,  spring  lubrication  has  been  made  simple 
— quick — positive,  from  the  inside  out — the  CEN- 
TER-FED way.  The  only  scientifically  and  funda- 
mentally correct  method  of  lubrication. 

They  are  recommended  by  Automotive  and  Spring 
Engineers,  and  are  now  being  specified  in  production 
by  two  Manufacturers. 

Center-Fed     Spring    Insert     Sales    Company 

Coal  Exchange  Building  Wilkcs-Barre.  Pa. 


S.  A.  E.  EMPLOYMENT  SERVICE 
Continued 

POSITIONS  AVAILABLE 

Chicago,  where  the  man  will  receive  training  on  this  par- 
ticular carbureter.  Straight  salary  and  expenses  while 
away  from  home. 

'292  Engineer  wanted  to  take  charge  of  department  as  foreman. 
Should  be  a  man  of  mature  experience,  particularly  one  who 
has  had  thorough  experience  in  modern  plants  manufac- 
turing machine  tools  or  on  fine  machine  work  and  capable 
of  handling  men.     Location,  Massachusetts. 

•296  Highway  Transport  Expert  Man  who  is  thoroughly 
familiar  with  highway  transport  program,  has  good  stand- 
ing among  educators,  understands  the  value  of  publicity  and 
can  stimulate  the  compilation  of  data  relating  to  the  eco- 
nomic field  of  highway  transport  and  secure  its  distribution 
to  the  colleges,  high  schools  and  other  educational  institu- 
tions of  the  country  is  wanted.     Location,  city  of  Washington. 

297  Solicitor  for  cylinder  grinding,  pistons,  rings,  etc.,  is 
needed  by  company  on  Long  Island.  Must  be  at  least  30 
years  old,  own  an  automobile  and  be  able  to  sell  a  profitable 
garage  accessory  as  a  side  line.  Splendid  opportunity  for 
right  man.  Salary  and  drawing  account  against  substantial 
commissions.     Territory,  New  York  City  and  Long  Island. 

*298  Young  Man  with  some  experience  as  draftsman  or  designer 
is  wanted  by  company  in  New  York  City.  Prefer  a  man 
not  long  out  of  school  who  has  had  a  little  experience  along 
this  line. 

299  Superintendent  for  plant  in  eastern  Pennsylvania  manu- 
facturing automobile  axles.  Write,  giving  all  details  as  to 
qualifications   and   salary  wanted,   in    first  letter. 

300  Airplane  Engine  Designer  Man  experienced  in  airplane 
work  preferred,  but  an  automotive  man  would  do.  Location. 
New  Jersey. 

301  Good  Tracer  and  Detaii.er  is  wanted  by  New  Jersey  airplane 
company. 

302  Instructor  on  starting,  lighting  and  ignition.  Several  even.- 
ings  a  week.  Not  a  day  school  proposition.  Location. 
Brooklyn. 

303  Automotive  School  Principal  Day  school  and  some  night 
school   work   included.      Location,    Brooklyn. 

304  Draftsmen  and  Designers  Several  men  who  are  exper- 
ienced in  automobile  design  and  are  willing  to  work  on 
board  and  do  various  kinds  of  work.  Location,  New  York 
t  litj 

305  Service  Men  wanted  at  factory  of  prominent  motor-truck 
company  in  Michigan.  Will  receive  special  training  as  to 
methods  and  policies  of  doing  business  at  the  branches  and 
after  training  is  received,  they  will  be  placed  in  the  various 
branches  as  service  manager  in  which  position  they  will 
have  charge  of  the  repair-shop,  stockroom  and  the  handling 
of  customers  along  the  lines  of  service.  Maximum  salaries 
at  start  between  $225  and  $250  per  month.  Should  have 
mechanical  knowledge,  ability  to  lay  out  the  work  in  the 
repair-shop,  and  executive  ability  along  the  lines  of  super- 
vising the  mechanics  and  the  personnel  of  the  department 
as  well  as  proper  personality  for  handling  customers.  If 
application    is    satisfactory,    interview   will    be   arranged. 

306  Bodt  Designer  High-class  man  wanted  by  prominent  com- 
pany  in  Ohio. 

307  Men  who  are  essentially  manufacturers,  are  available  in 
the  automobile  parts  manufacturing  business  and  possess 
broad  enough  experience  to  enable  them  to  discuss  mechani- 
cal problems  arising  in  the  trade  and  installation  of  such 
parts  as  axles  and  other  car  units  are  wanted  by  plant 
located  in  Ohio. 


(Concluded  on  page  90) 


See  announcement  at  the  head  of  the  S.  A.  E.  Employment  Service 
column,  page  58. 


J u  nt  r 


™E    JOURNAL    OF    Tin:    SOCIETS    OF    AUTOMOTIVE     ENG! 


89 


I 


An  Engineering  Masterpiece 

l.ngineering  should  be  practical  as  well 
as  scientific.  Coming  down  to  the  last 
analysis,  it  is  popularity  among  ultimate 
users  that  should  determine  the  manu- 
facturer's choice  of  a  Truck  or  Tractor 
Motor. 

The  fact  that  we  are  the  World's  Largest 
exclusive  builders  of  truck,  tractor  and 
industrial  motors  is  the  final  argument 
why  Waukesha  should  be  your  prefer- 
ence. 

Equip  your  product  with  Waukesha 
Motors  and  immediately  appropriate  .1 
worldwide  prestige  already  established. 

Correctness  of  design,  satisfactory  per- 
formance, long-life,  intelligent  service, 
all  go  to  make  the  Waukesha  Motor  an 
Kngineering  Masterpiece. 

Write  for  specific  information. 

WAUKESHA      MOTOR      COMPANY,    WAUKESHA,    WIS. 

The  World's  Largest  Exclusive  Builders  of  Truck,  Tractor  and  Industrial  Motors. 


High  Torque 
Motors 

Maximum  Pull  tit  I  rsable  Speed 
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AUTOMOBILE 


— the  prescription  for 
Perfect  Spring  Lubrication 

Clean  the  springs  with  a  stiff  brush  and  kero- 
sene, to  remove  dirt  and  rust.  Coat  the  inside 
of  a  set  of  Anderson  Spring  Lubricators  with 
grease.  Then  clamp  and  lace  them  snugly  to 
the  springs. 

This  insures  easy-working,  noiseless  springs;  eliminates 
spring  breakage;  reduces  vibration;  makes  car  and  tires 
last  longer.  No  attention  needed  for  at  least  two  years. 
Real  or  artificial  leather,  for  all  makes  of  cars  and 
trucks.  Real  leather  covers  are  made  from  the  famous 
"Trout  Brook"  leather,  famous  for  its  durability  and 
resistance  to  moisture  and  grease. 

Engineers — Write  for  details! 

Anderson  Spring  Lubricator  Co.,  Inc. 

1932    Parkway   at   Spring   St. 
Everett  Station   (49),  Boston,  Mass. 


S.  A.  E.  EMPLOYMENT  SERVICE 
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POSITIONS  AVAILABLE 

308  Mechanical  and  Production  Engineer  who  is  experienced 
on  taper  roller  bearings,  preferably  man  who  has  been 
employed  by  the  Timken  Roller  Bearing  Co..  is  wanted 
immediately.  Must  have  wide  experience  in  all  details  and 
will  make  his  headquarters  in  New  York  City. 

•309  Engineer  Well  trained  man  of  ten  or  more  years'  exper- 
ience on  automotive  engine  design  is  desired  by  company 
in  Middle  West.     State  experience  and  salary  in  first  letter. 

310  Engineer  wanted  who  is  able  to  design  jigs,  do  his  own 
drawing  and  tracing,  work  around  the  plant,  and  make 
suggestions  for  better  production  methods  and  at  same  time 
take  into  consideration  the  advice  of  others  who  are  as 
vitally  concerned  as  he  might  be.  This  is  a  manufacturing 
business  that  consists  mostly  of  steering  connecting-rods, 
steering  cross-tubes,  hood  fasteners,  screw-machine  products 
and  robe  and  foot-rails.     Location,  Ohio. 

•311  Man  capable  of  acting  as  treasurer  of  automotive  company, 
to  take  entire  charge  of  finances.  Must  have  had  experience 
in  automotive  line.     Salary  $6,000  or  more. 

312  Salesmen  Several  senior  and  several  junior  salesmen 
wanted    for    Metropolitan    territory. 

•313  Designer  and  Draftsman  Experienced  man  for  designing 
automobile    engines.      Location,    Syracuse. 

314  Instructor  is  wanted  for  automobile  classes  and  elementary 
branches  of  high-grade  private  institution  in  Hawaii.  Duty 
starts  in  September.  Address,  L.  C.  Lyman,  Hilo  Boarding 
School.  Hilo,  T.  H..  or  J.  Leslie  Putnam,  Y.  M.  C.  A.  Central 
Department.   Honolulu.    T.   H. 

See    announcement    at    the    head    of    the    S.    A.    E.    Employment 
Service    column,    page    58. 
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PRECISION 

BAIL   1I1E11GI 


Where  the  utmost  in  dependabil- 
ity is  a  feature  emphasized  by 
the  builder  of  a  car.  truck  or 
tractor,  there  is  more  than  a 
probability  that  he  has  made 
JNORfflrV  equipped  ignition  ap- 
paratus and  lighting  generators 
part  of  his  standard  equipment. 

See  that  your  electrical  apparatus  is 
"NORrnfl-   equipped. 

THE  N'^MA  CVMP/ 
VF  AMERICA 

flnable  Avenue 
Long  Island  City  New  York 

BALL,,    ROLLER    AND  THRUST   BEARINGS 


The    above    cut    illustrates    step    number    three    in 
the   BAKERSTAT   Photo  Process. 

"A     CONTINUOUS     SPRAY 
MAKES    PICTURES    STAY" 

The    longer    PhotoPrints    are    washed    and    devel- 
oped, the  longer  lived. 

BAKERSTAT  PHOTO  PRINTS 

receive   that   Expert   Attention. 

We   reproduce   from: 

VANDYKE  NEGATIVES 
BLACK  LINE   PRINTS 
BROWN  LINE  PRINTS 
TRACINGS  or  BLUE   PRINTS 
to  any  scale  desired. 

Baker  Garland  Reproduction  Company 

1446  East  70th  St..  Chicago 

Junr.    1911 
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HYATT 


THE  sturdy,  dependable  Reo  is  another  one 
of  those  highly  regarded  motor  cars  that  rely 
upon  Hyatt  Roller  Bearings  to  help  maintain  its 
characteristic  performance  qualities. 

Seven  Hyatt  Roller  Bearings  are  used  in  Reo 
construction.  These  are  located  in  the  clutch, 
transmission  and  rear  axle. 

Where  the  manufacturer  wishes  to  make  certain 
beforehand  of  giving  the  future  car  owner  a  quiet, 
trouble-proof  axle,  and  a  quiet-running,  long- 
lived  transmission,  Hyatt  Roller  Bearings  are 
his  logical  choice. 

Hyatt  Roller  Bearing  Company 


Motor  Bearings  Division:  Detroit,  Michigan 


Tractor  Bearing*  Division 

Chicago.  III. 


Pacific  Coast   Division 
San    Francisco,  Cal- 


Industrial  Bearing*  Division 
New  York.  N.  Y. 


HYATT  QUIET  BEARINGS 
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Federated  Engineers 
—  Development  ^  Corporation  — 

158  OgdenAve.^pJerseyCity.N.J. 

Founded    by    a    group    of    America's    foremost    industrial    and 
technical    experts    who    served     on    its     Advisory    Council. 

INVENTIONS 

Having  crystallized  his  vague  conception  into  a  working 
construction  and  secured  patent  protection,  the  average  in- 
ventor is  balked  when  it  comes  to  converting  his  invention 
into  dollars  and  cents;  for  he  is  temperamentally  unfitted  to 
develop  it  into  a  commercial  product  and  market  it  success- 
fully. 

We  are  organized  to  furnish  technical  talent,  business 
brains  and   capital   on   a   partnership   basis. 

FEDCO   SERVICE  is   worth   investigating. 


Pres. 
T.  Irving  Potter 


Vice  Pres. 
Dr.  Charles  P.  Steinmetz 


Sec'y 
A.  Russell  Bond 


=  =  =° 

9     ^,^:-^ 


Americanrelt 
Company 


New  York,  114  E.  13th  St. 
Chicago,  325  S.  Market  St. 
Boston,     100    Summers    St. 


FELTS 

for  the  Automotive  Industry 

Cut  and  formed  parts  to  specifications 
for  any  purpose.  Channels,  wicks, 
washers,  anti-squeak  parts;  water- 
proofed if  so  wanted. 
Engineering  data  and  specification 
charts  for  engineers  giving  a  store  of 
information  on  dust  prevention  and 
oil  retention  will  be  sent  engineers 
upon  request. 

A  F  C  O 

Oilproof   Felt   Washers 

A  new  development — absolutely  im- 
pervious to  oil  and  grease;  a  positive 
dam  that  keeps  lubricants  in.  Send 
for  sample — a  much  needed  specialty 
by  the  industry.  Any  s  ze,  shape  or 
thickness — your  felt  specifications  if 
you    wish. 

Address  our   nearest  office. 


ENGINEERS   appreciate  the  results  of  the  factory  methods  which  have 
made  Bunting  Bushings  and  Bearings-  the   standard    of   quality   for   the 
world.' 
Bunting  long  ago  realized  that  the  must  desirable  physical  properties  in 
a  bushing  or  bearing  resulted  only  when  the  granular  structure  of  the  metal  was 
carefully  watched  and  all  processes  kept  under  absolute  laboratory  control  at 
all  times. 

We    have    helped    many    engineers   with  their  bushing  and  bearing  prob- 
lems.    Can  we  serve  vou  ? 


The  Bunting  Brass  &  Bronze  Company 


New  York 

Grand   Central    Palace 

Vanderbilt   7300 


760  Spencer  St.,  Toledo,  O. 

Chicago 

722    S.    Michigan   Ave. 

Wabash  9153 


San    Francisco 

198  Second  St.  cor.  Howard 

Douglas  6245 


Cleveland 
1362   E.   6th   St. 
Bell — Main  sggi 


Boston 

36  Oliver  St. 

Main  1875 


&eo  a  a  &r  B.co. 


Bantam,  Comm.,  U.SJL. 


Thrust  Bearing  Specialists 

Bearings  Made  To  Your  Requirements 


DETROIT   OFFICE: 

905  Dime  Bank   Bids. 

Detroit,   Mich. 


PACIFIC  COAST: 
Frank  M.  Cobbledick  Co. 
1031   Polk  St.,  S.  F.,  Cal. 


'BENDJJC 

ECLIPSE 

/>/-   ELECTRIC 
STARTERS 


AUTOMATIC  ENGAGING 
&  DISENGAGING 


]  94  Motor  Car  and 

Truck  Builders 
Use  It 

ECLIPSE  MACHINE  CO. 

ELM  IRA       -  N.  V.  » 


J  ('«'■. 
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The  Garage  Around  the  Corner 


The  fact  is  that  every  plan  for  Automotive 
Service  has  to  reckon  with  the  Garage  and 
Car  Dealer.  For  the  natural  thing  for  any 
car  owner  to  do  when  he  gets  into  trouble  is 
to  take  his  car  around  the  corner  and  turn  it 
over  to  the  nearest  repair  man. 

And  while  most  garages  and  dealers  arc 
prepared  to  care  for  the  needs  of  their  cus- 
tomers when  it  is  a  question  of  engine 
trouble,  tire  trouble  or  the  like,  one  is  seldom 
found  that  employs  the  trained  electricians 
or  carries  an  adequate  stock  of  genuine  parts 
to  service  the  electrical  equipment  on  the 
cars  that  are  driven  in  for  expert  attention. 

For   this    reason,    Westinghouse,    with    a 


splendid  Field  Service  Organization  con- 
sisting of  275  Field  Service  Representatives 
already  firmly  established,  plans  to  extend 
Westinghouse  Service  until  it  is  to  be  found 
in  every  garage  and  in  every  repair  shop,  by 
the  distribution  of  the  Westinghouse  Service 
Manual  and  Parts  Encyclopedia  to  every 
one  of  them. 

In  this  Service  Manual  every  garage  man 
will  have  an  index  of  electrical  equipment 
for  automotive  vehicles  that  will  not  only 
tell  him  how  to  locate  trouble,  no  matter 
where  it  is,  but  will  show  him  exactly  what 
to  do  and  how  to  do  it,  in  making  the  neces- 
sary adjustment  or  repair.     Every  type  of 


Westinghouse  apparatus  is  diagrammed, 
Westinghouse  methods  for  correct  service 
are  carefully  detailed,  how  and  where  to  get 
genuine  Westinghouse  Parts  and  the  exact 
parts,  giving  style  number  and  model,  that 
may  be  necessary  for  replacements  on  all  cars 
that  are  Westinghouse  equipped,  is  set  forth. 

This  non-technical  text  book  will  be  avail- 
able in  two  volumes,  $24.00  for  the  complete 
set,  or  $12.50  for  either  volume  purchased 
separately.  With  its  aid  the  garage  man  can 
be  confident  of  giving  the  owners  of  cars  that 
are  Westinghouse  equipped  genuine  Westing- 
house Service  wherever  they  may  be,  and 
whenever  they  may  want  it. 


WHMINGHOI    SK  ELECTRIC  8c  MANUFACTURING  CO.  -  Automotive  Equipment  Department  -  Sales  and  Service  Headquarters:  82  Worthington  St.,  Springfield,  Mas,. 

Westinghouse 

STARTING,  LIGHTING  &  IGNITION 
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THESE  ARE  DAYS 

OF 

COMPETITION 

TT7HAT  may  seem  to  you  a  trivial  refine- 
*  »  ment  may  be  a  deciding  factor  in  many 
sales  in  these  times.  Your  dealers  need  every 
minute  feature  that  will  make  the  car  more 
attractive  to  the  buyer. 

PERFECTION  RUBBER 
PEDAL  PADS 

Are  one  of  these  little  refinements  which  make 
a  big  impression.  They  look  well  and  eliminate 
foot  slipping.  Your  letter  request  brings  a 
trial  set. 


AUTO 

PEDAL     PAD 

COMPANY 

318   West   52nd   Street 
New    York    City 


25%  MORE  MILES 
PER  GALLON 

Tires  that  are  insufficiently  inflated 
need  25  per  cent  more  gasoline  to  pull 
them  along  the  road  than  tires  that  are 
inflated  to  the  right  pressure. 

With  a 

Schrader    Universal 
Tire  Pressure  Gauge 

you  can  keep  your  tires  inflated 
to  the  right  pressure. 

Price,  $1.25 

At  all  dealers  everywhere. 


A.    Schrader 's    Son,    Inc. 
BROOKLYN,    N.  Y. 


Chicago 


Toronto 


London 


There  is  a 

TEXACO     LUBRICANT 

For  Every  Purpose 

Shop  or  Power  Plant,  Aero- 
plane, Automobile,  Truck 
Tractor  or  Motor  Boat 


Our  magazine  LUBRICATION  is  a  part  of 
Texaco  Service.  It  is  devoted  to  Lubricants 
and  their  application,  exclusively,  and  sent 
Free  to  all  interested  in  the  subject. 

You  can  get  a  copy  each  month  by  asking  us 
to  put  your  name  on  our  mailing  list. 


The    Texas    Company 

17  Battery  Place,  New  York  City 

New  York  Chicago  Houston 

Offices  in  Principal  Cities 


Use  Cold  Molded  Material  to   Reduce  the  Cost 
of  Radiator  Cap* 

Cold  molding  by  the  Alco  process  produces  a  Radiator  Cap  of  trie  finest  quality- 
lustrous,  durable  and  heat  resisting.  Alco  Radiator  Caps  are  guaranteed  not  to 
warp,  crack  or  change  In  color.  They  are  not  affected  by  antl-freeze  miiturea. 
In  order  that  manufacturers  of  cars  and  trucks  may  better  know  the  Alco  process. 
we  have  established  an  engineering  and  designing  department  and  place  It  at 
their  disposal.  A  request  for  additional  information  will  receire  the  prompt 
attention    of    this    department. 

American    Insulator   Corp..    New   Freedom.   Pa. 


A 


Chicago    Office:    564-570    West    Monroe    Street. 

Detroit    Office:    S38-S40    Cherry    Street. 

Montreal    Office:    35    St.    Nicholas    Street. 

New  York   Office:  30  Church  Street. 


junc,    1912 
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VICTOR  BEARINGS 


BRONZE  BACK  AND  DIE  CAST 

TESTED    BY     T  I  M  E 


World*!  Record  Endurance 

Kun      -I        1  lour-      "J.i|i" 

(  lenient*  in  -i  National   1905 

Suit/  Made  Good  in  a  Day.  191 1 

Cnrtiat  590  Mile  N»n  Stop 
Flight    1916 

U.  S.    \riny   Balloon   Sen  ii  e 
1917-1918 

1-t.  liu]  and  3rd  Plao 

mile    Sweep-take-     I'M') 

U.  S.  Naval  Air  Service. .  .1922 


VICTOR  BEARINGS  COMPANY, 


Successors  to  MODERN  DIE  AND  TOOL  COMPANY 


Indianapolis 


SMITH   PRESSED  STEEL 

FRAMES 

We  have  one  of  the  largest  and  best  equ 

ipped 

plants  in  the  world  for  passenger  and  truck 

frames   of  any   design   and  capacity. 

Our 

facilities  for  Heat  Treated  Frames  of  which 

we  are  large  producers  are  unsurpassed. 

A.  0.  SMITH  CORPORATION 

MILWAUKEE 

Detroit  Office 

708  Ford  Building 
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Plants  Awarded  Certificates 

for  the  Quarter 

> 

Ending  March   31, 

1922 

Albany  Mailable  Iron  Co 

.      Albany,  N    V 

Albion  Malleable  Iron  Co 

Albion.  M.,h 

American  Malleable  Casting!  Co. 

Marion.  0. 

Amer.can  Malleables  Co          .     .                 Unc««r,  N    Y  ,  and  Owosso,  M„  h 

Badger  Malleable  &  Mig    Co    . 

Baltimore  Malleable  Iron  &  Steel  Casting  Co 

South  Milwaukee.  Wis. 

Baltimore,,Md. 

Belk  C.ty  Malleable  Iron  Co.  . 

Raclne.TVis 

Chain  Belt  Co                                   ..... 

Milwaukee,  Wia. 

Chicago  Malleable  Castings  Co    . 

West  Pullman,  Chicago,  111 

Columbus  Malleable  Iron  Co.,  Hit 

Columbus,  O. 

Danville  Malleable  Iton  Co     .  . 

Danville,  1(1. 

Dayton  Malleable  Iron  Co 

Dayton.  0  and  Ironton.  O. 

Decatur  Malleable  Iron  Co 

Decatur,  111 

Philadelphia,  Pa. 
augatuck  Malleable  Iron 

Eastern  Malleable  Iron  Co  .  The—                       P. 

Work).    Naugatuck,    Conn  ;    Br.dgrport 
Bridgeport,   Conn  ;     Troy    Ma                 I 
Wilmington    Malleable    Iron     Work       Wi 

Malkable     Iron     Works 

Works,     Troy,     N     Y  . 

mmgton.    Del.;    Vulcan 

Iron  Workj.NeW   Brnain,  Conn. 

West  Allis.  Wis. 

Fori  Piti  Mi  le*bk  iron  Co 

P.ttsburgh.  Pa. 

Chicago,  111 

towi  Mi             IronC 

Fairhrld,  la. 

Kalamazoo  Malleable  Iron  Co  . 

Kalamazoo.  Mich. 

LaconiaC.rC 

Lacoma,  N   H. 

Lakeside  Malleable  Catting*  Co 

Racine,  Wia. 

Lancaster  Foundry  Co 

Lancaster,  Pa. 

L.nk-Belr  Co 

Indianapolis,  Ind. 

Malleable  Iron  Works 

Marion.  Ind- 

Motine  Malleable  Iron  Co 

St    Charles,  III 

National  Malleable  Castings  Co.,  The 

1  1     CI       igo    III     Indianapolis,  In 

l.Tolcdo.O.F  St.Louii.IHi 

Peoria  Malleable  Castings  ( i 

Pittsburgh  Malleable  Iron  Co. 

Pittsburgh,  Pa- 

Rhode  Island  Malleable  Iron  V 

H.IUgrove.  R     I 

Rock  lord  Malleable  Iron  v 

Row  Mtehan  Foundries.  The 

St    Louis   Malleable  Casting  Co    . 

St    Louis,  Mo. 

Saginaw  Malleable  Iron  Co 

Sapina*.  Mich, 

Standard  Malleable  Castings  Co 

Terre  Haute.  Ind 

SlowellCo.Tht 

South  Milwaukee.  Wis. 

Symington  Co    T    H.,  The 
Temple  Malleable  Iron  &  Steel  Co . 

Rochester.  N    Y. 

Terre  Haute  Malleable  &  Mfg.  Co 
Trenton  Malleable  Iron  Co  ,  The    ... 

:  .    'able  Iron  Co,  The.     ... 

i   Iron  '  o 

HoopcMon.  III. 

Wanner  Malleable  Iron  Co 

W«rren  Tool  bt  Forge  Co               .    . 
Webster  Mf«.  Co  ,  The               .    . 
Wisconsin   Malleable   Iron  Co 

.    .      .   Chicago,  111- 

^anesv.lk  Malleable  Co 

Zanetville,  <X 

Tractor  Building 

with 

Certified JValleables 

The  tractor  is  the  plow  horse  of  the  automotive 
family  and  its  life,  at  best,  is  a  hard  one.  Smooth  roads, 
pneumatic  tires  and  service  stations  are  "luxuries"  it 
is  denied.  Instead,  it  operates  normally  under  full 
power,  pulling  heavy  loads  over  plowed  ground,  across 
stony  fields  or  against  uneven  hillsides. 

Hubs  of  Certified  Malleable  impart  great  strength 
to  tractor  wheels  by  successfully  resisting  the  sudden 
twists  and  violent  side  thrusts  so  common  to  severe 
farm  service.  By  withstanding  terrific  rack  and  pound- 
ing over  bad  country  roads  and  rough  fields,  they  insure 
the  factor  of  safety  so  necessary  in  power  farming.  Less 
dependable  materials  often  give  way,  but  never  Certified 
Malleable  hubs. 

The  same  superior  qualities  that  commend  Certified 
Malleables  for  vital  tractor  parts  assure  enduring  ser- 
vice to  millions  of  trucks  and  motor  cars.  Their  design- 
ers dare  not  court  breakdowns  and  disaster  with  inferior 
materials,  but  specify  Certified  Malleables  that  are  strong 
enough,  tough  enough,  and  durable  enough  to  insure 
absolute  safety. 

Certificate  holders  listed  here  are  manufacturers  whose 
product  for  the  quarter  indicated  has  regularly  met  the 
requirements  of  the  Association.  In  the  judgment  of 
the  Association's  Consulting  Engineer,  their  plant 
practice  is  such  as  to  produce  uniform  material  of  high 
character  and  integrity. 

The  American  Malleable  Castings  Assn. 


The  1900  Euclid  Building 


Cleveland,  Ohio 


A-S-JHJ 
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Willard  Standards  of  Service 
for  the  Benefit  of  Users  of 
All  Makes  of  Batteries 


According  to  the  Willard  Standards  of  Service 
the  same  care  is  taken  of  all  batteries  regardless 
of  make  and  the  same  courtesy,  promptness  and 
helpfulness  is  accorded  to  all  owners. 

Through  Willard  nation-wide  advertising 
these  Standards  of  Service  have  been  made 
known.  The  list  of  Willard  Stations  in  each 
community  is  being  given  wide  publicity. 

In  upholding  Willard  Standards  there  are 
two  distinct  advantages  for  the  dealer:  first,  the 
customers  who  enjoy  the  no-charge  service  re- 
turn for  pay  service;  and  second, the  establishment 
of  confidence  is  the  first  step  to  battery  sales. 

There  are  still  some  communities  without  a 
Willard  Battery  Station.  Inquiries  from  re- 
sponsible, experienced  men  in  these  communities 
will  be  treated  with  strict  confidence. 

WILLARD  STORAGE   BATTERY  COMPANY,  Cleveland,  Ohio 

Made  in  Canada  by  the  Willard  Storage  Battery  Company  of  Canada,  Limited,  Toronto,  Ontario 


THREADED 
RUBBER 

BATTERY 


us 
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BRASS  FACTS 


Orange  Peel  Surface 

TVTOTHING  gives  a  buffer  more  dis- 
-*-^  pleasure  than  to  come  across  a  lot 
of  articles  from  sheet  metal  which  are 
rough  and  grainy.  This  means  extra 
work  and  loss  in  production. 

What  is  the  cause  of  this  orange 
peel  surface?  Simply  the  grain  of  the 
metal.  The  picture  on  the  left  illus- 
trates the  structures  of  various  sam- 
ples of  sheet  brass  when  examined  at 
a  magnification  of  75  times.  When 
the  grain  is  coarse  it  opens  up  if  the 
metal  is  stretched  or  bent. 

For  forming  or  drawing  where  ex- 
ceptional smoothness  is  desired,  we 
have   developed 

Scovill  Reflector  Brass 

Form  the  habit  of  consulting  us  in 
regard  to  your  metal  requirements. 
Our  experience  in  brass  manufactur- 
ing dates  from  1802. 

Let's  get  together. 

Mill     Products     of     Every     Description 
Manufactured   Articles   to   Order 

Scovill  Mfg.  Co. 

ESTABLISHED     1802 

Waterbury,  Conn. 


New  York 
Chicago 


Boston 
Cleveland 


Philadelphia 


STANDARD 

Automotive  engineers  have 
specified  the  Nagel  Ammeter 
as  standard  equipment  on  more 
than  fifty  well-known  makes  of 
motor  cars  and  trucks.  Guard- 
ing that  efficiency  of  three  mil- 
lion batteries  and  generators, 
the  Nagel  has  conclusively 
proved    its    unfailing    accuracy. 


AMMETER 

flHEWCNAGEL  ELECTRIC  CO.® 
TOLEDO       OHIO 


Foundry  Department 

Our  skilled  organization,  our  up- 
to-date  equipment  and  our  efficiency 
methods  insure  the  absolute  reliabil- 
ity of  every  casting  we  make  for 
automotive  vehicles.  We  are  known 
as  specialists  in  the  casting  of 

Aluminum,    Manganese.    Phosphor   Bronze. 
Bearing  Metals  and  All  Non-Ferrous  Metals 

We  will  be  glad  to  estimate  on  your  next  order. 


'Quality" 

Motor  and 

Die 

Transmission 

Castings 

Department 

Every  day,  "Quality"  Die 
Castings  are  replacing 
parts  made  by  other 
processes.  Our  automatic 
process  of  Die  Casting 
means  time  and  money 
saving. 


Just      the  "HOT-SPOT" 

alone  is  enough  to  warrant 
your  making  a  further  in- 
vestigation of  L.  M.  F. 
Motors 

Send  for  our  L.  M.  F. 
Motor   Book. 


"Follow  spe,  ifii  ations"  is  a  rule  in  our  shops  from  which 
no    deviation,    in    the   slightest    particular,   is   permitted. 

Light  Mfg.  &  Foundry  Co. 

POTTSTOWN,  PA.,  U.  S.  A. 


INTEGRAL 
CAM  SHAFTS 


Built  By 

MUSKEGON 
MOTOPv 
SPECIALTIES 
COMPANY 

MUSKEGON, 
\MICHIGAN. 

/  By  Reputation -"The  Best  Cain  Shafts  Made"  | 
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AUTOMOBILE  LAMPS 

We   are   completely   equipped  to 

produce  motor  vehicle  lamps,  whether 
of  electric,  gas  or  oil  construction,  in 
any  quantity  desired.  We  solicit  the 
privilege  of  submitting  samples  and 
quoting  prices. 

The  Jno.  W.  Brown  Mfg.  Company 


Columbus 


Ohi 


: 


SHEET  METAL  STAMPING 

We  are  building  axle  housings,  brake  drums, 
and  other  parts  for  the  heaviest  motor  trucks  ever 
built,  and  have  ample  capacity  for  still  heavier. 

With  our  complete  equipment  we  cover  the  entire 
sheet   metal    stamping    line. 

We   solicit   your   inquiries. 

THE    CROSBY    COMPANY 

DETROIT  OFFICE:       BUFFALO       N.    Y         CLEVELAND  OFFlCEi 

914  F«rd  Btdf.  '  *  *  115  ScboFwId  Bldg. 

PHILADELPHIA  OFFICE:   1218  Chestnut  Street. 

New  York    Office:   30   Church   Street 


DURSTON 

TRANSMISSIONS 


For  trucks  up  to 
o  n  e  -  t  o  n  capacity, 
and     Passenger     Cars. 

DURSTON  GEAR 
CORPORATION 


134  Maltl.ie  St. 


Syracuse,  N.  Y. 


HAMPION 

DROP   FOftGINCS 


strength  and  durabilityx  to  your  product. 
nn  in  size,   in  metal   and   in  balance,   they 
finish     economically.         Write    for    a     Champion 
Engineer  or  send   in  your  blue    prints. 

THE  CHAMPION  MAI  him:  a    FORGING  CO. 
3898    !■:.   T8th    St..   Cleveland,    Ohio 

York    Office — 30    Church    St. 
-Boune 


OIBcc- 


705     Ford     Bids. 


Wilcox  Motor  Part s 
&MfgCg. 

Sacinaw- Michigan. 

VALVES 

TAPPETS 
PISTON  RINGS 
PISTON  PINS 


DROP-TORGINGS 

often  cheaper  than  casting's 
—  always  far  superior  — 


J.   H.  WILLIAMS  &  CO. 

"The  Drop-Forging  I'eople" 
L.YN  BUFFALO  CHICAGO 

II   Ricfaai  1-  St.  11   Vulcan  St.  loll    W.    120    St. 


at  ;n  in  in  ut  n\  m  n\  ihjjs.  >j\  ;iv.'Ciil^-X_V-X_:t^.X-:<_X^.'..^ 


BROWN-UPE-GE 

TRANSMISSIONS 

LIPE-CHAP 

DIFF  ERENTIALS 

Both  at  Syraouse.N.Y. 


:-i."  ■■■■■i-1  •:.;;■■- :  ,i::..ii.jil. 


'^Try---r,^r^r-r,:~r?r--*-rr-r--t~-r-^rr~T~;r-:,->--^ri:-*; 
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"Will   It  Help   Sell?" 


Turn  this  searching  question  on  the  Ignition 
lighting  and  starting  cable  that  goes  into  your 
car.  Packard  Automotive  cable  is  most  widely 
known  and  bespeaks  by  association  honest  merit 
in  your  product. 


Braided 
High   Tension 
Ignition     Cable 


Plain 

Acid   Proof 

Starting    Cable 


DETROIT 
NEW    YORK 
CHICAGO 


MONTREAL 

ATLANTA 

MINNEAPOLIS 

FORT   DODGE 

KANSAS     CITY 

DALLAS 

DENVER 

SEATTLE 

SAN    FRANCISCO 


DISTRICT  OFFICES 

752   David   Whitney   Building 

46X   Eighth   Avenue,   at   34th   Street 

431   South    Dearborn   Street 

REPRESENTATIVES 

Manufacturers'    Canadian    Service,    Limited 

Colley-Minnich  Company 

C.  E.  Althen  Company 

J.  K.  Alline 

E.  S.   Davis  Company 

Frank  W.  Lynn 

Duncan   Bond  Company 

R.   E.  Voorhees 

Paul   Gardiner 


M>f& 


*Ja£&(*ut\ 


WARREN,  OHIO 


f>-  ft  \Oii.  Water  and  Gasoline  Lines  for  Automobiles,  Trucks  and  Tractors. 

250,000 

TITEFLEX  LINES  INSTALLED  IN  THIS  SERVICE. 


T..v 


lines  furnished  with  couplings  as  complete  assemblies  make 
installation  quick  and  easy. 


TITEFLEX  METAL  HOSE  CORPORATION 

BADGER  AVE.  and  RUNYON  ST.  NEWARK,  N.  J. 


J 
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\\  hen  ^  on  Specif] 

the   famous   original 


Robert  Bosch 

Magnetos  —  Spark  Plugs 

i\/<    ISSCH  I  II I  l>  PRODI  (  I  S 

\..n  (peeifj   the  world's  foremost  automolivc  i-lectrirul 
equipment. 


Interesting    illustrated    literature   mailed   on   request. 
Robert  Bosch   Magneto  Co.,  Inc. 

Olln    llt-in*.     rr<><«iilt'ii  t 

123  West  61th   Street,   New   York,  N.   Y. 

Do  not  i  original   Robert   Boecb   Pndocta  with  otbere 

bearing  oaniea  Bomewbat   eunllar. 


Machine  Finished 
Crank  Shafts 

Our  Own  or  Other  Makes 

Machine    Finish — Hollow    Air    Craft    Type 


Machined    All   Over 
Rough   Weight  78   Lb*. 


Material,     Chrome    Nickel    Steel 
Finished,  29"  2   Lbs. 


UNION  SWITCH  &  SIGNAL  COMPANY 

PITTSBURGH    DISTRICT  SW1SSVALE,    PA. 


Greater 

Satisfaction 

has  been  the  result  of  every  installation 
of  Gurney  Ball  Bearings.  Gurneys  have 
attained  this  distinction  thru  their  greater 
load  capacity,  their  extremely  long  dura- 
bility, and  the  refinement  which  has  been 
attained  by  many  years  of  patient  and 
painstaking  work. 

The  patented  process  of  assemblings 
the  greatest  possible  number  of  the  larg- 
est possible  balls  —  the  simplicity  of  the 
design,  the  smallest  number  of  parts 
have  made  Gurneys  the  standard  of  all 
ball  bearings. 

Gurney  engineers  have  acquired  greater 
experience  thru  the  varied  applications 
of  Gurney  Bearings  and  they  will  gladly 
help  you  with  your  bearing  problems. 

Gurney  Ball  Bearing  Co. 

Conrad   Patent  Licemec 

Jamestown,  N.  Y. 


BALLBEARINGS 


18120 
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J  \J   LECAl.      CLARELESSano     SAFE  |   '         > 

Safeguarding  auto  drivers  and  day- 
lighting  the  night  roads  for  the  fol- 
lowing well-known  cars: — 


Buick 

Durant 

Oldsmobile 

Chalmers 

Liberty 

Paige 

Chandler 

Maxwell 

Starr 

Cleveland 

Maibohm 

Stearns 

Chevrolet 

Oakland 

Gardner 

It 

7 


L.  E.  SMITH  GLASS  COMPANY 

Mount  Pleasant,  Pa. 


NOTICE 


Effective  July  ist,  1921,  a  5%  discount  from  Collision 
premiums  on  Commercial  automobiles  is  permissible  for 
the  attachment  of  an  approved  front  bumper  and/or  an 
approved  radiator  guard.  (5%  shall  be  the  maximum 
reduction,  even  when  both  bumper  and  guard  are  at- 
tached.) This  reduction  shall  apply  to  full  coverage, 
£50  deductible,  and  $100  deductible. 

This  reduction  in  premium  should  make  it  worth  your 
while  to  investigate  the  merits  of  the  Mansfield  Front 
Bumper,  Standard  and  Packard  Special  Radiator  Guards, 
all  of  which  have  been  "Listed  as  Standard"  by  the 
Underwriters'  Laboratories. 

MANSFIELD  STEEL  CORPORATION 


954    East   Milwaukee  Avenue 


Detroit,   Michigan 


The  Universal  Push  Button 

PERFECT  CONTACT  IS  SECURED  ON  ANY  ANGLE. 
More  Than  Two  Million  in  Use 

THE    GENERAL    PHONOGRAPH    MFG.    CO. 

(Formerly    named    The    Garford    Mln.    Co.) 

Elyria,  Ohio 


JOBS! 


THE    Society    wishes    to    announce    an    added 
service   to    its   members   and   the   entire   auto- 
motive  industry. 

A  semi-weekly  bulletin  of  men  available  is 
now  being  sent  to  practically  all  of  the  principal 
executives  in  the  automotive  industry. 

A  semi-weekly  bulletin  of  positions  available 
is  being  sent  to  men  who  make  application  for 
employment   through   the    Society. 

For  further  information,  see  notice  at  head 
of  S.A.E.   Employment  Service  Column. 


Schlieder  Valves 

Alloy  Head 
Oxy-Acetylene  Welded 
to  Carbon  Steel  Stem 

DO  NOT  WARP 

DO  NOT  PIT 

Because  of  their  superiority  they 
are  specified  by  leading  engineers 
and  designers. 

Unqualified     approval     of    U.     S. 
Government  Engineers. 
Send  your  blue  prints  for  quotations 

SCHLIEDER  MFG.  CO.,  DETROIT 


PA 


Gnr^    FTn] 


Wood — Metal — Experimental — Production 

Special  Production  Equipments  designed  by  Our  Engineers 
to  suit  the  requirements  of  Your  Foundry. 

Our  complete  equipment  enables  us  to  make  patterns  ac- 
curately machined  at  every  point  at  the  same  price  you 
pay    the    small    shop    for    a    "scraped"    job. 

STANDARD  PATTERN  WORKS  OF 
DETROIT,  INC. 

CAMERON    B.    WATERMAN,    M.S.A.E.,    Pres.    and    Gen'l    Mgr. 
ROBERT  MITCHELL,  Superintendent 

682-690   East   Fort   St.  DETROIT,   U.   S.   A. 


PENBERTHY  RE-ATOMIZER 

Away  with  Sluggish  Motors 


Ask   for 
Circular 


Quicker  get-away, 
faster  acceleration, 
easier  starting, 
greater  flexibility, 
better  motor  per- 
formance, more 
power,  and  more 
mileage  —  these  im- 
provements are 
guaranteed. 


(Estab.   1886) 

PENBERTHY  INJECTOR   COMPANY 


11240    Hol«len    Ave  line, 


Detroit,    Mich. 


Counter  Balanced 
Crank  Shafts 

MADE  BY 

THE  PARK  DROP  FORGE  CO 

CLEVELAND,    OHIO 


June. 
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VENUS 

PENCILS 

,  Jhc  largest  selling  Quality 
penal  in  the  world 


FK(  >\l  thin,  delicate  lines  t" 
beav)        shading         from 
sketches    i"    designs    "I     in- 
ricate   and   costly    machinerj 
for  rongh  charts  <>r  finished 
maps     \  I  M  -      Pencils     are 
me. 

17  Black  I)i-j;reo8  3  Copying 

I  ...  bol  i.  h.  tvj  I"..  -    .    .    (.11. II   111   IB 

I  ..r  irrUing,  -k.i.  king      .    2B-B-HB  I    II 

-..  Gm   I. ii.  .    .   L'lllll  111    .11  .i.ll 

Foe  .i.i..  ai..  thin  Una .   .    .    :u-ail.'ill 

Plain  I  M.I..  perdos.        ■      Sl.00 

Bobber  End**  per  don.     .        1.20 

AtSlaiientrman'lSlonMtArottghoHtUu  World 

American    Lead    Pencil    Co. 

SS27  Fifth   Vwimr.  \eu  V  urk 
ami  Luiidon,  Eng. 


Aak     us     about     our     now     VENTS 
POIN1  II'    METAL  PENCIL. 

from  SI. 00  up  to  S50.00 


U/ye 


KINGSTON 

VACUUM   FUEL   SYSTEM 


The  One-Valve  Tank 

Note  In  the  accompanying 
drawing  the  exclusive  sllp- 
tauk  construction,  the  one 
valve  (always  liquid  sealed) 
the  sum  11  cork  float,  made 
possible  because  the  hydraulic 
principle  assists  the  float  Id 
its  operation. 


THE  KINGSTON  VACUUM 
i.  SYSTEM,  manufac- 
tured under  patents  of  Mr. 
Joseph  C.  Coulombe,  consists 
of  a  one-valve  tank,  hy- 
draulically  controlled.  The 
hydraulic  control  of  this  one 
and  only  valve  eliminates  the 
use  of  all  springs,  toggles 
and  other  mechanical  means 
which   are  subject  to  wear. 

The  Kingston  System  is  at 
once  the  simplest  and  most 
efficient  device  of  its  kind  on 
the  market,  and  it  has  at- 
tracted much  attention  from 
the  automotive  world. 

Descriptive  matter,  written 
by  an  engineer  for  engineers, 
will  be  sent  anywhere, 
promptly  upon  request. 

Correspondence  Is  Invited 


Byrne,  Kingston  &  Company 

KOKOMO,  INDIANA 

BRANCHES 

New   York,    245   West    B5th    St.  Detroit.    4010    WooJwnrd    Ave. 

Boston.   15  Jersey  St.  Chleajo.   1430  Michigan  Aye. 

San    Francisco.    1235    Van    NV-a    Ave. 


SIMPLICITY-RUGGEDNESS 
EFFICIENCY-RELIABILITY 


Always    associate   these  Qualities  with 


MAGNETO 


A  BETTER  SPARK 


IN  A  SIMPLER  WAY 


Conforms  to  S.  A.  E.  Standards 

THE  TEAGLE  CO.,  Cleveland,  O 

You  want  to  know  more  about  thU  timplett  magnet 
write  1128  Oregon   Avenue  for  details. 


Johns-Manville  Aids  Buyers 
of  Automotive  Equipment 

Automotive  Engineers,  in  the  market  for  auto- 
motive equipment,  will  find  Johns-Manville 
Engineers  ready  to  offer  co-operative  service 
on  Johns-Manville  automotive  equipment,  at 
any  of  our  branches.  Johns-Manville  serves  all 
industry,  the  automotive  being  one  of  many 
in  which  we  have  specialized. 

Write,  wire  or  phone  our  nearest  branch. 

JOHNS-MANVILLE 
Automotive  Equipment 

Non-Bum     Asbestos    Brake     Band 

Lining 
Johns-Manville     Brake    Lining    for 

Ford   Cars 
Johns-Manville    Clutcb    Rings    and 

Facings 
Johns-Manville    Speedometers 
Johns-Manville    Hub   Odometer 
Johns-Manville   Auto  Tape 
Johns-Manville    Packings    for    Au- 
tomobiles 
"Noark"  Auto  Lighting  Fuses  and 
Clips 


COVERS1 
THE  CONT1NE 


JOHNS-MANVILLE,  Inc. 


New  York  City 


Branches  in  60  Large  Citiet 
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THE    BEARINGS    COMPANY    OF    AMERICA 

Manufacturers  of 
THRUST  BALL  BEARINGS  of  all  types. 

Let  our  engineers  help  to  solve  your 
THRUST  BEARING  problems. 

THE  BEARINGS  COMPANY  OF  AMERICA 

LANCASTER,    PENNA. 

Detroit,  Mich.,  Office,  1012  Ford  Bldg. 


I 


<D 


STANDARD  STEEL  SPRING  COMPANY 

CORAOPOLIS,  PA. 

MANUFACTURERS  OF  LEAF  SPRINGS 

Builders  to  the  most  discriminating  passenger  car  and  truck  manufacturers 

in  the  United  States  and  Europe. 


PRESSED  STEEL  FRAMES 


FOR 


Passenger  Cars,  Trucks,  Tractors,  Trailers 

ALSO 

Heavy  Miscellaneous  Stampings  of  all  kinds 


Frame  Makers  for  Cars  of  Quality  Since  1904 

PARISH   &  BINGHAM    CORPORATION       2* 

Ohio,  U.  S.  A. 


Fifth  Clt tj 
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San  Francisco  Police  Department  Tests 
show  one  car  in  four  with  faulty  brakes 


"DECENTLY  in  San  Francisco  the  Police  De- 
-*-^-  partment  transferred  the  Thermoid  Stop- 
ring  Distance  Chart  to  an  asphalt  street.  They 
then  chose  two  hundred  cars  at  random  and  sub- 
jected them  to  the  Thermoid  Brake  Test.  The 
results  showed  that  25 </«.  — one  car  in  every  four — 
was  a  danger  to  its  owner  and  to  the  community. 
Brake  efficiency  and  brake  dependability  are 
largely  determined  by  Brake  Lining. 

Thermoid  Brake  Lining  has  proven  its  qualities 
on  thousands  of  automobiles  and  trucks  over  a 
period  of  years. 

Thermoid  Brake  Lining  contains  in  its  every 
square  inch  40' .  more  material.  This  means  a 
higher  and  more  constant  co- 
efficient of  friction  as  well  as 
extra  wear.  Also  every  square 
inch  of  Thermoid  Brake  Lining 
is  given  a  2,000 -pound  hy- 
draulic pressure.  This  pres- 
sure forms  a  dense  compact 
wear-resisting  fabric  that  will 


•retain  all  its  braking  qualities  to  the  last  day  of 
its  long  life. 

AnotherexclusiveThermoid  feature  is  the  "grap- 
nalizing"  process.  This  makes  Thermoid  Brake 
Lining  proof  against  swelling,  oil,  gasoline, or  water. 
Damp  climatic  conditions  cannot  cause  a  dragging 
brake. 

Fifty  of  the  leading  automobile  and  truck  manu- 
facturers have  specified  Thermoid  Brake  Lining 
as  Standard  Equipment.  It  is  one  certain  way  to 
insure  driver  satisfaction. 

Write  for  the  free  book  "The  Dangers  of  Faulty 
Brakes."  It's  a  complete  presentation  of  brakes 
as  they  affect  safety  and  operative  costs. 


THERMOID 
RUBBER  COMPANY 

Factory  ck  Main  Offices :  TRENTON,  N.  J. 

New  York   Chicago   Los  Angeles   Detroit 

Atlanta  Boston     Cleveland        Seattle 

London  1'aris  Turin 


Brake  Lining 

Hydraulic  Compressed 

Makers  of  "Tht-rmoid-Hardy  Universal  Joints"  and  "Thermoid  Crolide  Compound  Tires" 
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Rome 


Spotlights  of  Sheet  brass 

an  important  part  of  the  equipment 

THE  spotlights  of  a  car  are  necessarily  in  prominent  and 
exposed  positions.  Attached  to  windshields  they  are 
objects  of  close  inspection  by  prospective  purchasers.  In 
service  they  are  not  afforded  protection  from  the  elements 
of  weather  which  soon  cause  rust  and  decay  of  most  metals. 

Spotlights  made  of  Rome  Quality  Sheet  Brass  will  add  to 
the  appearance  of  your  cars,  they  will  give  prospective  own- 
ers a  favorable  first  impression  of  the  equipment.  Owners 
will  appreciate  the  long  and  useful  service  that  they  render. 

Rome  Quality  Sheet  Brass  lends  itself  easily  to  shaping;  and 
due  to  its  non-corrosive  qualities,  it  is  practically  everlasting. 

Insist  that  the  manufacturers  of  your  equipment  supply  you 
with  products  made  of  this  uniformly  dependable  sheet 
brass,  or  specify  "Rome  Quality"  for  your  own  manufacture. 
Quotations  on  Rome  Quality  Sheet  Brass  from  stock,  or 
covering  your  special  requirements  will  promptly  be  made 
on  request. 

ROME  BRASS  AND   COPPER   COMPANY- ROME, N.V 

BRASS  ROMECOPPER 


BRASS    COPPER    BRONZE 

Sheets;  rolls;  rods;  anodes;  tubes, 
brazed  and  seamless ;  strips;  ex- 
truded shapes;  angles  and  chan- 
nels; tapered  tubes  and  hose 
pipes;  door  rail;  commutator  bars 
and  segments ;  electrical  copper 
bar;  and  rivets  and  burs. 
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Easy  to  Install 
:ck  Seating 
;'  Lived 
Accurate 


ROLLS-ROYCE 


Or   AMERICA  .  INC. 


is  also  equipped 
with  Quality 
Snap  Rings,  ♦  ♦ 


More  Than  a 
Million  a 


;  >  -bih^ 


Ring  Company 
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Sources    of     Supplies 


An  Index  to  Advertisers'  Products  Marketed  as  Conform- 
ing With  S.A.E.  Standards  and  Recommended  Practices  and 
to  Products  for  Which  There  Are  No  S.A.E.  Standards 


Absorbers,   shuck 

Lluudallle  Co. 
Watson  Co.,  John   Warren 
Accelerator   Heel  Heats 

Auto  Pedal  Pad  Co. 
Alloys,    Steel    (See    Steels) 
Alloys,   A  1  (i  m  i  no- Vanadium 

Vanadium  Corporation  of  America 
Alloys,   Cupro -Vanadium 

Vanadium  Corporation  of  America 
Alloys,   Ferro-Molybrtenum 

Vanadium  Corporation  of  America 
Alloys,   Ferro-Tongsten 

Vanadium  Corporation  of  America 
Alloys,    Kerro-Vanadiuin 

Vanadium  Corporation  of  America 
Aluminum    Alloys,   D104 

•Hoyt  Metal   Co. 
Ammeters,    Itl- 

•Nagel  Electric  Co..  W.  G. 
•Sterling  Mfg.    Co. 
Westinghouse  Electric  &  Mfg.  Co. 
Apparatus,  Laboratory 

Olsen  Testing  Machine  Co.,  Tinlus 
Apparatus,  Charging,  Electric 
Vehicle 
Westinghouse  Electric  &.  Mfg.  Co. 
Axles,      Front,      Motor-Track, 
Fib 
•Batofi  Axle  Co. 
Sheldon    Axle   &    Spring    Co. 
Axles,    Front,    Passenger-Car 
Eaton    Axle    Co. 
Salisbury   Axle  Co. 
Axles,  Rear,  Motor-Truck 
Eaton   Axle   Co. 
Sheldon    Axle   &    Spring   Co. 
Axles,  Rear,  Passenger-Car 
Eaton  Axle  Co. 
Salisbury   Axle   Co. 
Axles,   Trailer 

Salisbury    Axle    Co. 
Babbitt,   D103 

•Franklin    Die-Casting    Corporation 
•Hoyt   Metal   Co. 
•Light  Mfg.  &  Foundry  Co. 
•Milwaukee   Die  Casting   Co. 
•Muzzy-Lyon   Co. 
Balls.     Brass.     Bronze,     Monel 
>I  e  t  a  1     \  1 1 1 1 1 1  i  1 1 1 1  in 
Hoover   Steel   Ball    Co. 
Balls,    Hollow    Bronze    and 
Brass 
Hoover    Steel    Ball    Co. 
Balls,   Steel 

Hoover   Steel   Ball   Co. 
Bars,  Boring 

Williams  &  Co.,  J.  H. 
Bars,  Bronze 

Bunting   Brass   &   Bronze  Co. 

Batteries.  Storage,  B23 

•Marko  Storage  Battery   Co. 
•Willard  Storage  Battery  Co. 
Bearings.  Babbitt  and   Alumi- 
num 

Bunting   Brass   &   Bronze    Co. 

Doehler  Die-Casting  Co. 

Franklin    Die-Casting    Corporation 


Bearings,  Babbitt  and  Bronze 

Bunting  Brass  &  Bronze  Co. 
Doehler  Die-Casting  Co. 
Hoyt  Metal  Co. 
Muzzy-Lyon  Co. 

Bearings.  Ball,  Angular  Con- 
tact Type,  CSS  to  C33c 

•Bearings  Co.  of  America 
•Fafnir  Bearing  Co. 

Gurney  Ball  Bearing  Co. 
•New   Departure   Mfg.   Co. 
•U.  S.  Ball  Bearing  Mfg.  Co. 
'S.  K.  F.  Industries,  Inc. 

Hearings,  Ball  Annular,  Extra 
Small    Series,    C33 

•Fafnir    Bearing   Co. 
•New    Departure    Mfg.    Co. 
•S.    K.    F.    Industries,    Inc. 
»C.    S.    Ball    Bearing   Mfg.    Co. 

Bearings,  Ball,  Annular,  Ex- 
tra Large,  Light  and  Me- 
dium  Series,   C27  and   C29 

•Fafnir  Bearing  Co. 

Gurney  Ball  Bearing  Co. 
•S.  K.  F.  Industries,  Inc. 
•U.    S.    Ball   Bearing   Mfg.   Co. 

Bearings,  Ball,  Annular, 
Light,  Medium  and  Heavy 
Series,  C26,  C28  and  C30 

•Fafnir  Bearing  Co. 
•Federal   Bearings   Co.,   Inc. 

Gurney  Ball  Bearing  Co. 
•New  Departure  Mfg.   Co. 
•Norma  Co.  of  America 
•S.   K.   F.   Industries,    Inc. 
•Standard    Steel   &   Bearings,    Inc. 
•U.   S.  Ball  Bearing  Mfg.   Co. 

Bearings.  Ball,  Annular,  Sep- 
arable (OpeiH  Type,  C32 

•Fafnir  Bearing  Co. 
•New  Departure  Mfg.  Co. 
•Norma   Co.   of  America 
•S.  K.  F.   Industries,  Inc. 

Bearings,  Ball.  Annular,  Wide 
Type.  c:u 

•Brown-Lipe  Gear  Co. 
•Fafnir  Bearing  Co. 
•New  Departure  Mfg.   Co. 
•S.    K.   F.    Industries.   Inc. 
•Standard   Steel  &  Bearings,    Inc. 
•U.  S.  Ball  Bearing  Mfg.  Co. 

Bearings,  Bronze 

Hoyt   Metal   Co. 
Muzzy-Lyon  Co. 

Bearings,  Thrust,  Ball.  Clutch 
Release   Type,  C39 

•Bantam  Ball  Bearing  Co. 
•Bearings  Co.  of  America 
•Fafnir  Bearing  Co. 
•Norma  Co,  of  America 
•TJ.  S.  Ball  Bearing  Mfg.  Co. 

Bearings,  Hall.  Thrust,  Single- 
Direction,  Flat-Face 
Type,  C3.",  and  C36 

•Bantam  Ball  Bearing  Co. 
•Bearings  Co.  of  America 
•Fafnir  Bearing  Co. 
•Norma  Co.  of  America 
•D.   S.   Ball  Bearing  Mfg.  Co. 


Bearings,  Ball,  Thrust,  Single- 
Direction,  Self-  Aligning 
Type,  C37  and  C3S 

'Bantam    Ball    Bearing    Co. 
•Bearings  Co.   of  America 
•Fafnir  Bearing  Co. 
•Norma  Co.  of  America 
•U.   S.   Ball   Bearing  Mfg.   Co. 

Bearings,  Ball,  Thrust,  Steer- 
ing Knuckle  Type,  C34 

•Bantam  Bali  Bearing  Co. 
•Bearings  Co.  of  America 
•Fafnir  Bearing  Co. 
•Norma  Co.  of  America 
•U.  S.  Ball  Bearing  Mfg.  Co. 
Bearings,  Roller,  C43  and  C44 
•Bock  Bearing   Co. 

Bower  Boiler  Bearing  Co. 

Gilliam  Mfg.  Co. 
•Norma  Co.  of  America 

Timken  Roller  Bearing  Co. 

Blanks,  (iear 

Canton  Drop  Forging  &  Mfg.  Co. 

Central   Steel  Co. 

Link-Belt  Co. 

Park  Drop  Forge  Co. 

Union   Switch    &   Signal   Co. 
Blue   Prints 

Baker  Garland  Reproduction  Co.,  Inc. 

Boards,   Floor  and  Toe 

Parish   Mfg.   Corporation 

Bodies,  Passenger  Car 

Baker  R  &  L  Co. 
Bodies,  Motor  Truck  Dump 

Mansfield   Steel   Corporation 
Boilers,    Steam,    Automotive 

Stumpf    Una-Flow    Engine    Co.,    Inc. 
Bolts.  Eye 

Williams  &  Co.,  J.  H. 
Bolts,  Spring  Shackle 

Bowen  Products  Corporation 
Brackets,  Fender 

Parish  &  Bingham  Corporation 

Parish  Mfg.   Corporation 

Smith    Corporation,    A.   O. 
Brackets,  Lamp 

Brewer-Titchener   Corporation 
Brackets.    License-Plate 

Brewer-Titchener  Corporation 
Brackets,    Running- Board1 

Crosby  Cc. 

Parish  &  Bingham  Corporation 

Parish  Mfg.   Corporation 

Smith  Corporation,   A.  O. 
Brake-Drums 

Crosby  Co. 

Parish  &   Bingham  Corporation 

Parish  Mfg.  Corporation 

Smith  Corporation,   A.  O. 
Brass,    La  mi  na  ted 

LaminntPii    Shim    Co..    inc. 
Bronze    Alloys,    DIOS 
•Hoyt   Metal   Co. 

•Milwaukee   Die   Casting   Co. 
Bulbs.  Incandescent   Lamp.  B3 

Westinghouse  Electric  &  Mfg.  Co. 
Bumpers.   Motor  Truck 

Mansfield    Steel    Corporation 


Bumpers,  Spring 

Thermoid   Rubber  Co. 
Bushings.  Babbitt 

Muzzy-Lyon  Co. 

Bushings,  Bronze 

Bunting   Brass    &    Bronze    Co. 
Hoyt  Metal  Co. 
Milwaukee   Die   Casting   Co. 
Muzzy-Lyon  Co. 
Buttons,  Electric  Push 
General    Phonograph    Mfg.    Co. 

Cable,  Insulated,  B33  ' 

Kerite  Insulated  Wire  &  Cable  Co. 
•Packard    Electric    Co. 
Camshafts 

Canton  Drop  Forging  &  Mfg.  Co. 
Jackson    Motor    Shaft    Co. 
Muskegon   Motor   Specialties   Co. 
Park  Drop  Forge  Co. 
Wyman-Gordon  Co. 
Caps,  Hub 
Crosby  Co. 
Caps,  Radiator  and  Tank,  CSS 

•American    Insulator  Corporation 
Carbureters 

Penberthy    Injector    Co. 
Carbureters— Cast  Iron,  AS 

Zenith   Carburetor   Co. 
Carbureters — Motorcycle 

Zenith   Carburetor  Co. 
Carbureters,    Two    Bolt    Type, 
AS 
Zenith  Carburetor  Co. 
Cast  Brass   Alloys,  D10G 

•Hoyt    Metal    Co. 
Castings,  Aluminum** 
•Doehler  Die-Casting  Co. 
•Franklin    Die-Casting    Corporation 
Hoyt   Metal  CO. 
•Light    Mfg.   &   Foundry    Co. 
Castings,  Brass** 
•Doehler  Die-Casting  Co. 
•Franklin    Die-Casting    Corporation 
•Light  Mfg.   &  Foundry  Co. 
•Scovill    Mfg.    Co. 
tastings,   Bronze*' 
•Doehler  Die-Casting  Co. 
•Franklin  Die-Casting  Corporation 

Hoyt  Metal  Co. 
•Light    Mfg.    &    Foundry    Co. 
Castings,   Die** 

Doehler  Die-Casting  Co. 
•Franklin  Die-Casting  Corporation 

Hoyt   Metal  Co. 
•Light    Mfg.    &    Foundry    Co. 
Milwaukee   Die   Casting  Co. 
Castings,  Grey  Iron 

Link-Belt  Co. 
Castings,   Malleable   Iron,   Dl> 
•American   Malleable  Castings  Ass'n 
•Eberhard    Mfg.   Co. 
•Frazer    &    Jones    Co. 
•Link-Belt  Co. 
Castings,  Steel 

Link-Belt  Co. 
Chains,  Block 
Link-Belt  Co. 
Morse  Chain  Co. 
Whitney  Mfg.  Co. 

(Continued  on   page   110) 


EXPLANATION  OF  SYMBOLS 

Parts  and  Materials  followed  by  key  numbers  have  been  standardized  by  the  S.  A.  E. 
The  numbers  refer  to  S.  A.  E.  Handbook  data  sheets  on  which  each  standard 
is  published. 
"Companies  whose  names  are  preceded  by  an  asterisk  supply  the  parts  or  materials 
under  which  the  company  is  listed  as  conforming  with  the  S.   A.  E.  Standard 
referred  to. 
**Parts  and  Materials  followed  by  two  asterisks  indicate  that  two  or  more  S.  A.  E. 
Standards  are  applicable.     Information  as  to  standards  incorporated  should  be 
obtained  from  the  manufacturer. 
The  addresses  of  companies  listed  in  Sources  of  Supplies  can  be  obtained  from  their 
current  advertisements  indexed  on  page  114. 
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REG.  U    s     PAT    OFF. 


77ie  Mark  of  Permanence  and 
Elegance  in  Automotive  Painting 


DITZLER  FINE  COLORS  are  used  by 
more  than  60%  of  the  manufacturers  of 
high  grade  cars  in  the  United  States  and 
Canada. 

Based  on  Experience  and  Results 

the  Engineer  specifies  them 

the  Painter  asks  for  them 

DITZLER  UNDERCOATINGS— Metal  Primer, 
Body  Lead  and  Rough  Stuff,  afford  the  most 
secure  foundation  on  which  to  build  with  Ditzler 
Color  and  Varnish  and  final  finish  coats. 


SPECIFU   ITIONS    n  nil    COMPLETE    DETAIL    FOR    VSE    OF 
DITZLER  SYSTEM  OF  P  UNTING  II  RNISHED  I  POI\  REQl  ESI 


DITZLER  COLOR  COMPANY 

MANUFACTURERS    EXCLUSIVELY    OF 
MJTOMOTIVE    PAINTING    MATERIALS 

DETROIT.  U.  S.  A. 
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Sources    of    Supplies 


Chains,  Roller,    E3 

•Link-Belt   Co. 
•Whitnej  Mfg.   Co. 
Chains,  Silent,  E2 
•Link-Belt   Co. 
•Morse  Chain  Co. 
Whitney  Mfg.   Co. 
Chains,  Tire.   Motor-Truck 

Arrow  Grip  Mfg.  Co.,   Inc. 
Channels,   Window   Glass 
Dahlstrom   Metallic  Door  Oo. 
Clamps,  Hose,  C51 

Schrader's  Son,   Inc.,  A. 
Clamps,  Machinists' 
Eberhard  Mfg.  Co. 
Williams.  J.  H.,  &  Oo. 
Cleaners,    Windshield 

Folberth    Auto    Specialty    Co. 
Clutches,  Engine,  Al  and  A2 

•Brown-Lipe  Gear  Co. 
Clutches,  Power  Transmission 

Link-Belt  Co. 
Coils*   Electrical  Equipment 

Acme  Wire  Oo. 
Conduit,  Flexible,  C32 

•TIteflex  Metal   Hose  Corporation      • 
Connections,  Tire-Pump 
Schrader's  Son,  Inc.,  A. 

Controls** 

•  Brown-Lipe  Gear  Co. 
Cooling   Systems** 

•  G  &  O  Mfg.  Co. 
•Long  Mfg.  Co. 

National  Can  Co. 
Couplings,    Flexible 

Thermoid  Rubber  Co. 
Cranes,   Portable   Electric 

Link-Belt  Co. 
Cranks  hafts 

Canton  Drop  Forging  &  Mfg.  Oo. 

Jackson   Motor    Shaft   Co. 

Park  Drop  Forge  Co. 

Union    Switch   &   Signal   Co. 

Vibration  Specialty  Co. 

Wynian-Gordon  Co. 
Cups,  Oil  and  Grease,  C57 

•  Bowen  Products  Corporation 

Cutters,  Milling 

Haynes  Stellite  Co. 
Cutters,  Woodruff 

Whitney  Mfg.  Co. 
Dampers,   Vibration 

Vibration  Specialty  Co. 
Dashes 

Parish  Mfg.   Corporation 
Dies 

Greenfield   Tap  &  Die  Corporation 
Distributors,  Ignition,  Bltf 
•Atwnter  Kent  Mfg.   Co. 
•North  East  Electric  Co. 
Dogs 

Williams  &  Co.,  J.  H. 
Door- Caps 

Dahlstrom    Metallic    Door    Co. 
Drills,  Twist 

Greenfield  Tap   &  Die  Corporation 
Drive,  Starting  Motor 

Eclipse  Machine  Co. 
Drop-Forgings 

Brewer-Titchener   Corporation 

Canton  Drop  Forging  &  Mfg.  Co. 

Champion    Machine   &    Forging   Co. 

Park  Drop  Forge  Co. 

Sheldon  Axle   &   Spring  Co. 

Spicer  Mfg.  Corporation 

Union    Switch    &    Signal    Co. 

Universal   Machine  Co. 

Williams  &  Co..   J.  H. 

Wyman-Gordon  Co. 
Ends,  Tank-Strap 

Brewer-Titchener   Corporation 
Engines.  Motor  Truck** 
•Continental  Motors  Corporation 
•Lieht  Mfg.  &  Foundry  Co. 

•  Waukesha   Motor  Co. 
Engines,  Passenger  Car** 

•  Continental   Motors   Corporation 
•Light  Mfg.  &  Foundry  Co. 

Engines,    Steam,    Automotive 
Stumpf  Una-Flow  Engine   Co..   Ire. 
Engines,  Tractor** 

•Continental  Motors  Corporation 
•Light   Mfg.   &  Foundry  Co. 
•W;inkesha   Motor  Co. 
Facings,  Clutch 
Johns-Manville.   Inc. 
Thermoid  Rubber  Co. 

Fans 

Service    Products    Corporation 
Fans,    Radiator,    A14a 

•  Detroit  Carrier  &  Mfg.   Co. 

Sparks-Withlnpton  Co. 
Fasteners.  Hood 

Eberhard  Mfg.  Co. 
Felt 

American  Felt  Co. 


Felloe  -  Bands,    Motor  -  Truck, 
Pneumatic  Tire,  G4 

•Motor    Wheel    Corporation 
Fender,    Irons 

Brewer-Titchener   Corporation 
Fenders 

Parish  Mfg.  Corporation 
Fibre,  Vulcanized 

American  Vulcanized  Fibre  Co. 
Flanges,  Hub 

Croaby  Co. 

Parish  &  Bingham  Corporation 

Smith  Corporation,   A.  O. 
Floors,    Metal 

Dahlstrom    Metallic    Door    Co. 
Flow-Meters 

^Penberthy   Injector  Co. 
Followers,  Cam 

Wilcox  Motor  Parts  &  Mfg.   Co. 
Forging!),  Brass 

Scovill   Mfg.   Co. 
Forgings,      Drop      (See      Drop- 
Forgings) 
Frames,    Pressed    Steel 

Parish  &  Bingham  Corporation 

Parish  Mfg.  Corporation 

Smith  Corporation,  A.  O. 
Frames,  Rolled  Section 

Mansfield  Steel  Corporation 
Fuel-Feed  Systems 

Sparks-Withington  Co. 
Fnses,  Electric.  B32 

•Johns-Manville.   Inc. 
Gases,  Gasoline 

Koltmorgen    Optical    Corporation 

Nagel  Electric  Co..   W.  G. 

Penberthy   Injector  Co. 
Gages,   Limit 

Greenfield  Tap  &  Die  Corporation 
Gages,  Oil.  BI2 

•Nagel   Electric  Co..   W.  O. 
Gages.  Plain 

Greenfield  Tap   &  Die  Corporation 
Gages,  Screw  Thread 

Greenfield   Tap   &  Die  Corporation 
Gages,  Tire  Pressure 

Schrader's  Son.   Inc.,  A. 
Gasoline 

Texas    Co. 
Gears,  Bevel 

Link-Belt  Co. 
Gears,    Reduction 

WaukeFha    Motor   Co. 
Gears,  Spur 

Link-Belt  Co. 
Gears,  Transmission 

Cfinton  Drop  Forging  &  Mfg.  Co. 

Link-Belt  Co. 

Wyman-Gordon  Co. 
Gears,   Worm 

Link-Belt  Co. 
Generators,  Battery  Charging 
(Electric  Vehicle* 

Westinghouse  Electric  &  Mfg.  Co. 
Generators     (Bracket     Mount- 
ing, BIS) 
•Atwater  Kent  Mfg.   Co. 
•North  East  Electric  Co. 

Westinghouse  Electric  &  Mfg.  Co. 
Generators      (Flange      Mount- 
ing, BIT) 
•Atwater  Kent  Mfg.   Oo. 
•North  Enat  Electric  Co. 

Westinghouse  Electric  &  Mfg.  Oo. 
Glasses,   Lamp,    B6 

•Smith  Glass  Co..   L.    E. 
Glass.   Windshield 

Ainsworth    Mfg.    Co. 
Graphite 

Dixon  Crucible  Co..  Jos. 
Greases.  Cup  and  Gear 

Dixon  Crucible  Co..  Job. 

Texas  Co. 
Grense-Cnps.  C57 

•Link-Belt  Co. 
Guards,  Radiator 

Mansfield   Steel   Corporation 
Handles,    Control-Lever     Ball, 
,T2 

•American   Insulator  Corporation. 
Handles.  Machine-Tool 

Williams  &  Co.,  J.  H. 
Hardware,  Body 

Brewer-Titchener   Corporation 
Heaters.    Passenger-Car    Body 

Perfection  Heater  &  Mfg.  Oo. 
Hinges,  Door 

Eberhard  Mfg.  Co. 
Hinges,  Windshield 

Eberhard  Mfjr.  Co. 
Hitches.  Trailer.  K42 

•Mansfield    Steel   Corporation 
Hoists.  Power  and   Hand 

Mansfield   Steel    Corporation 
Holders.  Tool 

Williams  &  Co..  J.  H. 
Hooks.  Towing 

Mansfield   Steel    Corporation 


Horns,  Hand 

E.  A.  Laboratories, 


Inc. 


Horns,   Motor-Driven 

E.  A.  Laboratories,  Inc. 
North  East  Electric  Co. 
Sparks-Withington  Co. 

Hose,  Gasoline 

Thermoid  Rubber  Oo. 
Hose,  Radiator,  C51 

•Thermoid  Rubber  Co. 
Housings,  Axle 

Crosby  Co. 

Dixon  Crucible  Co.,  Jos. 
Parish  &  Bingham  Corporation 
Parish   Mfg.    Corporation 
Smith  Corporation,   A.  O. 

Hubs,  Wheel 

Salisbury   Axle    Co. 
Smith  Corporation,   A.  O. 
Ignition-Generators 

North  East  Electric  Co. 

Inserts,  Spring 

Center-Fed   Spring  Insert  Sales  Co. 
Instruments,    Vibration,    Indi- 
cating and  Recording 

Vibration  Specialty  Co. 

Insulation,  Molded 

General  Bakelite  Co. 
Jacks.  Wheel 

Arrow  Grip  Mfg.  Co.,  Inc. 
Jars.  Storage  Battery,  B39 

•Marko    Storage    Battery   Co. 
Kevs,  Woodrnff 

Whitney  Mfg.  Co. 
Keys,  Spring 

Williams  &  Co.,  J.  H. 
Lenses    (See   Glasses,    Lamp) 
Lining.  Brake,  C55 
•Johns-Manville,   Inc. 
•Thermoid  Rubber  Co. 
Lubricants.  DISS 

Dixon  Crucible  Co.,  Jos. 

Texas  Co. 
Lnbricnting  Systems 

Bassick   Mfg.    Co. 

Bowen   Products  Corporation 

Chassis  Lubricating  Corporation 
Lubricators,   Leaf   Spring 

Anderson  Spring  Lubricator  Co. 
Machines,  Balancing 

Olsen   Testing  Machine  Co.,  Tinius 

Vibration  Specialty  Co. 
Machines,     Bolt     Threading 

Universal   Machine  Co. 

Machines.    Grinding 

Greenfield  Tap   &  Die  Corporation 
Machines.      Power      Transmis- 
sion 
Link-Belt  Co. 
Machines,  Testing 

Olsen  Testing   Machine  Co.,   Tinius 
Magnetos.  B14 
•Bosch   Magneto  Co..   Inc..   Robert 
•Scintilla  Magneto  Co.,  Inc. 
•Teatrle  Co. 
Moldings,    Cold -Drawn     Steel 
Dahlstrom    Metallic    Door   Co. 

Molybdenum.  Metallic 

Vanadium  Corporation  of   America 
Motors.  Klectric  Vehicle 

Westinghouse  Electric  &  Mfg.  Co. 
Motors  (See  Kngines) 
Motors.   Starting  <  See  Starting 

Motors) 
Nails 

Interstate  Iron  &  Steel  Co. 
Nipples.    Motorcycle,    F4 

•Budd   Wheel    Co. 
Nuts.  Thumb 

Williams  &  Co..  J.  H. 
Odometers.  Hnb.  F2 

•Johns-Manville  Co..   Inc. 
Oils   (See  Lubricants) 
Packing.   Asbestos  and 
Fibrous 
Johns-Manville,     Inc. 

Pads.  Accelerator 

Auto  Pedal  Pad  Co. 
Pads.  Pedal 

Auto   Pedal    Pad   Co. 

Paints 

Dixon  Crucible  Co..   Jos. 
Panels.    Instrument 

Dahlstrom    Metallic    Door    Co. 
Pa  rt*«        Pressed        Steel         (See 

Stampings) 
Patterns.    Wood    and    Metnl 

Standard    Pattern    Works    of   Detroit 
Inc. 


Pedals.  Extension 

Auto  Pedal  Pad  Co. 
Pencils,  Drawing 

American  Lead  Pencil  Co. 

Dixon    Crucible   Co.,    Joa. 
Pins,  Cotter.  C7 

•Williams  &  Co.,  J.  H. 
Pins,  Piston 

Universal   Machine   Co. 

Wilcox   Motor   Parts  &  Mfg.   Co. 
Pipe      Fittings,       Compression 
Type,    Fuel    and    Lubrica- 
tion 

Ohio  Metal  Products  Co. 
Piston-Rings 

Piston   Ring  Co. 

Wilcox  Motor  Parts  &  Mfg.  Co. 
Power    Plants    Industrial 

Waukesha   Motor   Co. 
Power  Take-Offs,  El 

Brown-Lipe  Gear  Co. 
Prints,    Photo    Reproduction 

Baker  Garland  Reproduction  Co.,  Inc. 
Products,    Screw-Machine 

Link-Belt  Co. 

Ohio  Metal  Products  Co. 

Rich  Tool  Co. 

Scovill  Mfg.  Co. 

Spicer   Mfg.   Corporation 
Propeller-Shafts 

Salisbury  Axle   Co. 

Spicer   Mfg.   Corporation 
Posh-Rods 

Wilcox   Motor  Parts  &  Mfg.   Co. 
Radiators*  • 
•G  &  O  Mfg.  Co. 
•Long  Mfg.   Co. 

National  Can   Co. 

Sparks-Withington  Co. 
Reamers 

Greenfield  Tap  &  Die  Corporation 
Re-atomizers,     Gasoline 

Penberthy    Injector  Co. 
Rectifiers,    Battery    Charging 

Westinghouse  Electric  &  Mfg.  Oo. 
Relays,  Cnt-Out 

North  East  Electric  Oo. 
Retainers.  Ball 

Bearings  Co.  of  America 
Ribbons,   Fender 

Dahlstrom    Metallic    Door   Co. 
Rims,   Pnenmatic   Tire,   Gl 
and  G2 
•Budd   Wheel   Co. 
•Motor  Wheel  Corporation 
Rivets,   Steel 

Interstate  Iron  &  Steel  Co. 
Rivets,  Brass  and  Copper 

Rome  Brass  &  Copper  Co. 

Scovill  Mfg.  Co. 
Rod-Ends,   is 

•Brewer-Titchener   Corporation 
•Eberhard  Mfg.  Co. 
Rods,   Brass,    Hill   and   D115 
•Rome  Brass  &  Copper  Co. 
•Scovill   Mfg.   Co. 
Rods,  Bronze  and  Copper 

Rome  Brass   &  Copper  Co. 

Rods,    Door    Curtain 

Brewer-Titchener   Corporation 
Rods,  Fibre 

American  Vulcanized  Fibre  Co. 
Roller      Bearings      (See     Bear- 
ings.   Roller) 
Running-Bonrds 

Parish   &  Bingham   Corporation 
Parish  Mfg.   Corporation 
Smith  Corporation,  A.  O. 
Screws,  Cap,  CI 
•Scovill  Mfg.  Co. 
Screws,  Thumb 

Williams  &  Co.,  J.  H. 
Shaft-Ends.   C14 

•Brown-Lipe  Gear  Co. 
Shafts.  Rear   Axle 

Salisbury  Axle   Co. 
Shapes      (K\(rmled),      Brass, 
Bronze  and   Copper. 
Rome  Brass  &  Copper  Co. 
Shapes  (Rolled).  Brass,  Bronze 
and  Copper 
Rome   Brass   &  Copper  Co. 
Sheets,   Brass.   Dill 

•Scovill   Mfg.   Co. 
Sheets.       Brass,       Bronze       and 
Copper 
Rome  Brass  &  Copper  Co. 
Sheets.  Fibre 

American   Vnlcnnized   Fibre  Co. 
Shims,  Laminated 

Laminated   Shim  Co..   Inc. 
Sills.   Body 

Smith  Corporation.   A.  O. 

(Concluded  on   page   112) 


The  Index  to  Advertisers  is  given  on  page  114 


June 


THE    JOURNAL    OF    THE    SOCIKTY    OF    AUTOMOTIVE)    ENGINEERS 


111 


Some  Users  nf 
AcRM   )4agnet  Wire 

Auth  Electrical  Specialty  Co. 

Century  Electric  Co. 

Connecticut  Telephone  &  Elec- 
tric Co. 

Crocker-Wheeler  Co. 

Dayton    Engineering   Laborato- 
ries Co. 

Delco  Light  Co. 

Diehl  Manufacturing  Co. 

Domestic  Electric  Co. 

Eiscman  Magneto  Co. 

Electric  Specialty  Co. 
Electrical     Products     Manufac- 
turing Co. 
Eureka  Vacuum  Cleaner  Co. 
Ford  Motor  Co. 
Gray  6s  Davis,  Inc. 
Holtzer-Cabot  Electric  Co. 
Hoover  Suction  Sweeper  Co. 
Klaxon  Co. 
Remy  Electric  Co. 
Robbins  &  Myers  Co. 
Sangamo  Electric  Co. 
U.  S.  Auto  Supply  Co. 
Ward  Leonard  Electric  Co. 
Westinghouse  Electric  &  Manu- 
facturing Co. 
Willys  Corporation. 


Acme  Wire  Products 
Include 

"  Enamelite,"  plain  enameled 
Magnet  Wire;  "Cottonite,"  Cot- 
ton-covered Enamelite;  "Silk- 
enitc,"  Silk-covered  Enamelite; 
Single  and  Double  Cotton  Mag- 
net Wire;  Single  and  Double  Silk 
Magnet  Wire.  We  also  have  a 
complete  organization  for  the 
winding  of  coils  in  large  produc- 
tion quantities. 


Brown's  coil  output  increased  20^ 


I  «  Brown  is  a  winder  in  an  auto- 
mobile plant.  One  day  his  foreman 
brought  him  some  new  wire.  "They 
want  us  to  try  this  out,  Joe,"  he  said. 

Joe  slipped  a  spool  into  his  machine 
and   went   to  it.     By   the  end   of  the 

week   they   found   his  output  of  perfect 

coils  had  jumped  -0%. 

"How  do  .you  account  for  it,  Joe?" 
they  asked  him.  "Why,"  said  the 
winder,  "this  new  stuff  goes  in  the  space." 

The    "new    stuff"   was   Acme   Wire. 


\\  hat  that  operator  meant  was  that 
Acme  Wire  is  so  uniform,  so  perfectly 
insulated,  and  so  free  from  lumps  and 
imperfections,  that  more  coils  could  be 
wound  with  it  in  a  given  time — and  a 
higher  percentage  of  perfect  coils — 
than  with  wire  that  does  not  have  such 
high  winding  efficiency. 

For  Acme  Wire  is  made  to  wind 
easily,  swiftly,  and  without  having  to 
stop  the  machine  to  hammer  down  or 
to  replace  imperfect  wire.  We  wind 
hundreds  of  thousands  of  coils  every 
year  in  the  Acme  plant;    we  know  the 


problems   of    the    winding   room,    and 
have  worked   for  years  to  solve   them. 

This  factor  of  low-cost  winding  is  just 
as  important  as  high-quality  material; 
for  many  a  low-priced  wire  becomes 
extremely  expensive  in  the  L-\\i\,  through 
its  poor  winding  quality.  Naturally, 
there  has  been  a  tendency  to  overlook 
this  particular  phase  of  magnet  wire 
during  the  last  Uw  years,  in  the  rush 
for  production  at  any  cost. 

But  today,  manufacturers  who  are 
seeking  in  every  way  to  reduce  costs, 
or  to  make  better  goods  at  no  greater 
cost,  are  investigating  the  winding 
efficiency  of  wire,  and  we  have  many 
instances  on  record  where  savings  of 
20%  to  30'  ,  have  been  effected  through 
the  use  of  Acme  Wire,  chiefly  because 
Acme  Wire  goes  in  the  space. 

Purchasing  Agents  who  keep  in  close 
touch  with  their  winding  departments, 
as  well  as  engineers  who  work  out 
specifications  and  cost  figures  on  coils 
and  windings  of  all  sorts,  find  that  it 
pays  to  use  Acme  Wire — for  its  high 
quality  of  copper  and  insulation,  and 
its  exceptional  economy  on  the  wind- 
ing machine. 


Our  new  illustrated  catalog  will  be  sent  to 
Engineers  and  Purchasing  Agents  on  request 

THE  ACME  WIRE  CO.,  New  Haven,  Conn. 

NEW  YORK       CLEVELAND       CHICAGO 


AcmeWire 

It  goes  in  the  space 
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Sources    of    Supplies 


Sockets.    Bovr 

Brewer-Titchener  Corporation 
Solder 

Unit   Metal   Co. 
Spokes,   motorcycle,  F4 

•Budd  Wtaei  I  Co 
Spokes.     Wood,    Motor    Truck, 
I'l 
•Motor    Wheel    Corporation 
Spokes,  Wood,  Passenger  Car, 
Fla 
•Motor  Wheel  Corporation 
Springs,  Coiled 

Gibson  Co..  Wm.   D. 
Springs,  Flat 

Gibson  Co.,  Wm.  D. 
Springs,  Leal*' 

Sheldon  Axle  &  Spring  Co. 
Springs,   Motor   Truck,    H9 
•Perfection   Spring  Co. 
Standard    Steel    Spring   Co. 
Springs    Passenger-Car,    HS 
•Perfection  Spring  Co. 
Standard    Steel    Spring   Co. 
Sprockets.    Roller-Chain,    E4 
•Link-Belt  Co. 
•Whitney  Mfg.  Co. 
Sprockets,   Silent-Chain 
Link-Belt  Co. 
Whitney  Mfg.  Co. 

Stabilizers 

Watson  Co..  John  Warren 
Stampings 

Brewer-Titchener  Corporation 
Crosby  Co. 

Motor    Wheel    Corporation 
Parish  &  Bingham  Corporation 
Parish  Mfg.  Corporation 
Smith  Corporation.  A.  0. 
Spicer  Mfg.   Corporation 
Starter-Generators 

North  East  Electric  Co. 
Starting       Motors       (F  1  n  n  g  e 
Mounting),  B19 
•Atwater  Kent  Mfg.  Co. 
•North  East  Electric  Co. 
Westinghouse  Electric  &  Mfg.  Co. 
Starting      Motors      (Sleeve 
Mounting),  B20 
"Atwater  Kent  Mfg.  Co. 
•North  East  Electric  Co. 
Westinghouse  Electric  &  Mfg.  Co. 


Meshing 


Sturting,    Automatic 
Drive  for 

Eclipse  Machine  Co. 

Steel,    i  In- i  ii  mi.    DG 

•Central  Stei.4  Co. 
•Interstate  Iron  &  Steel  Co. 
Steel.      i    h  i  i.  in  i  ii  hi  -  Vanadium. 
D6 
•Central  Steel  Co. 
"Interstate  Iron  &  Steel  Co. 
Steel,  Molybdenum 

Interstate  Iron  &  Steel  Co. 
Steel,   Mckel,   Do 
•Central  Steel  Co. 
•Interstate  Iron  &  Steel  Co. 
•Union  Drawn  Steel  Co. 
Steel.    Mckel-Chroniium, 
"Central  Stee!  Co. 
•Interstate  Iron  &  Steel  Co. 
•Union  Drawn   Steel  Co. 
Steel,    Silico-Manganese,   Db 
"Central  Steel  Co. 
•Interstate  Iron  &  Steel  Co. 
Steels,  Carbon,  D4 
•Interstate    Iron  &   Steel 
•Union  Drawn   Steel  Co. 
Steel.    Screw    Stock 

Union   Drawn    Steel   Co. 
Steel,   Spring 

Interstate    Iron    &    Steel 


D5 


Co. 


Mr 


Oo. 


ips.       Brass,       Bronze       and 
Copper 

Rome  Brass  &  Copper  Co. 
Superheat    System,    Gasoline 

Deppe  Motors  Corporation 
Switches.  Lighting 

Westinghouse  Electric  &  Mfg.  Co 
Switches.  Starting 

North  East  Electric  Co. 

Westinghouse  Electric  &  Mfe.  Co. 
Systems,    Lubrication    (See 
Lubricating  Systems) 
Tacks 

Interstate  Iron  &  Steel  Co. 
Tachometers     (with     Standard 
Drive).   C7." 
•Johns-Manville.  Inc. 
Tape,  Insulated 

Johns-Manville,    Inc. 
Tait  pets 

Wilcox  Motor  Parts  &  Mfg.  Co. 
Taps 

Greenfield  Tap  &  Die  Corporation 
Terminals,     Generator     Cable. 
B22 

American    Insulator   Corporation 


Terminals,    Starting    Motor 
Cable,  B21 

American    Insulator   Corporation 
Tire  Carriers 

Detroit   Carrier   &    Mfg.    Co. 
Tire  Locks 

Detroit  Carrier  &   Mfg.    Co. 
Tire-Pumps,    Transmission 
Type.    El 
Detroit  Carrier  &   Mfg.    Co. 
Tires,  Pneumatic,  Gl 
Goodrich  Rubber  Co.,  B.  P. 
Goodyear  Tire  &  Rubber  Co. 
Kelly-Springfield  Tire  Co. 
•Tbermoid  Rubber  Co. 
Tires.  Solid.  Gil 

Kelly-Springfield  Tire  Co. 
Tools 

Haynes  Stellite  Co. 
Williams  &  Co.,  J.  H. 
Top,   Irons 

Brewer-Titcliener  Corporation 
Torque-Arms 

Smith  Corporation.  A.  O. 
Tracings,    Dupliacte 

Baker  Garland  Reproduction  Co.,  Inc. 
Tractors,  Industrial 

Baker  R  &  L  Co. 
Transmissions*  * 
•  Brown- Lipe  Gear  Co. 
"Durston   Gear  Corporation 
•Light   Mfg.    &   Foundry  Co. 
Trucks.  Industrial 

Baker  R  &  L  Co. 
Tubing,   Brass,   D116 
•Rome    Brass  &   Copper   Co. 
•Scovill  Mfg.  Co. 
Tubing,   Copper,  D11T 
•Rome    Brass   &    Copper   Co. 
•Scovill  Mfg.  Co. 
Tubing    (Tapered).    Brass 
Bronze  and   Copper 
Rome  Brass  &  Copper  Co. 
Tubing,  Fibre 

American  Vulcanized  Fibre  Co. 
Tubing.  Flexible  Metal 

Titeflex  Metal  Hose  Corporation 
Tailing,  Rubber 

Thermoid  Rubber  Co. 
Tubing,  Steel.   D75 

•Smith   Corporation,    A.    O. 


Tubing.   Windshield 

Dahlstrom   Metallic  Door  Co. 
Tungsten,  Metallic 

Vanadium  Corporation  of  America 
Unlveral- Joints.  EG 
•Spicer   Mfg.    Corporation 
•lliermoid  Rubber  Co. 

Universal  Machh 

Valve-Lifters 

Rich  Tool  Co. 
halves,    Fuel    Reserve 

Service    Products    Corporation 
Valves.  Poppet,  A4 

"Rich  Tool  Co. 

Wilcox    Motor    Parts  i   Mfg.   Co. 
Valves,  Tire 

Schrader's  Son,  Inc..  A 
Vaporizers   (See  Primers) 
Ventilators,   Cowl 

Service   Products   Corporation 
\  oltmeters.  B12 
"Sterling  Mfg.   Co. 

Westinghouse  Electric  i  Mfg.   Co. 
Washers,  Fibre 

American  Vulcanized  Fibre  Co. 
Washers,  Steel 

Interstate  Iron  &  Steel  Co. 
Wheels,   Motorcycle,   F3 

•Budd  Wheel  Co. 
Wheels.   Pressed    Steel   Disc 
•Budd  Wheel  Co. 

Motor   Wheel   Corporation 
Wheels,  Wire.  Fib 

•Budd  Wheel  Co. 
Wheels.  Wood 

Motor  Wheel  Corporation 

Muncie  Wheel  Co. 
Wicks.  Felt 

American  Felt  Co. 
Windshields 

Ainsworth    Mfg.    Co. 
Wire  (See  Cable,  Insulnted) 
Windows,  Curtain 

Brewer-Titchener   Corporation 
Wire,  Magnet 

Acme  Wire  Co. 
Wire  Products 

Interstate   Iron   &   Steel   Co. 
Wrenches 

Greenfield  Tap  &  Die  Corporation 

Williams  &  Co.,  J.  H. 
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A  Machine  to  Do  One  Thing,  and  to  Do  It  Better  and  Faster 

Than  It's  Ever  Been  Done  Before 

The  "HYDROIL" 

INTERNAL  GRINDER 


If  your  plant  requires  quantity  internal  grinding  to  fine 
limits  on  ball  races,  gears,  bushings,  and  piston  rings, 
etc.,  the  Hydroil  Grinder  will  show  you  entirely  new 
standards    of   productions.      For    example,    this   machine 

in  a  piston  ring  plant  grinds 

internally       20,000       piston 

rings  per  8-hour  day. 


These  results  are  possible 
through  exceptionally  high  table  speeds  and  hydraulic  table  operation,  the 
actuating  liquid  being  oil  under  pressure. 

In  roughing  operations  this  machine  will  remove    1    cubic  inch  of  hardened 
steel  per  minute  with  an  average  wheel  wear  of  1  /7th  of  the  material  removed. 

Details  and  specifications  are  given  in  our  bulletin  No.   280  J.       We  shall 
be  glad  to  send  it  to  you. 


G 


Ytt. E£M  ?\  ZLE)  |  TAP  Art  D 
CORPO|ATION 

GREEN  Fl  ELD,  MASSACHUSETTS 


^liniiiiiiiiiiiiiiiiiiiiiiiiimii^t'.^iiiiiiil 


A  few  parts  which  have  been  eco- 
nomically ground  on  the  "Hydroil" 


Jut,. 
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CLIMAX 


CORD 


msc      UNIVERSAL 

PROPELLER  SHAFT  ASSEM- 
BLIES FOR  MOTOR  CARS. 
TR U  C KS  AND  TRACTORS 


FLEXIBLE 


REQUIRES  NO  LUBRICANT 


NOISELESS 


FOB  HO  I CH  KISS  DKIVE 


100%  EFEICIENT 


I  High  Grade  Product  at  Lou-  Cost.     A  100%   Cushion  Drive. 

Reduces  the  Shock  500  to  1  in  the  Transmission  of  Power. 

Its  Flexibility  Compensates  for  all  Direct  or  Angular  Misalignment. 

Ibsolutely  Soiseless,  no  Metal  Contact. 

Readily  Installed  Due  to  its  Simplicity  of  Design. 

Impervious  to  Oil.  Heat,  and  \\  (iter. 


W  <■  also  specialize  in  Magneto,  Pump  and  Generator  Couplings. 
Send  your  blue   print  specifications;  get  our  quotation. 

THE  CLIMAX  MOTOR  DEVICES  CO. 


factory  and  General  Office, 


CHAGRIN  FALLS,  OHIO 
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The  Greatest  Practical 
Laboratory  of  Tire  Service 
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1200 
Yellow  Cabs 


150,000,000 
Tire  Miles  per  Year 


W 


HEREVER  tire  records  are  most  strictly  kept,  and  the 
costs  per  tire  mile  and  per  car  mile  checked  with  the 
greatest  accuracy,  Firestone  is  most  secure  in  its  contracts- 

An  example  of  this  superiority  in  the  production  of  miles  per 
dollar  is  the  Yellow  Cab  Company  of  Chicago.  Here  Firestone  has 
the  proof  of  extreme  mileage  production  for  every  dollar  invested,  as 
well  as  the  advantage  of  the  world's  largest  and  most  carefully 
checked  laboratory  of  tire  service. 

This  supplies  Firestone  with  daily,  weekly  and  monthly 
information  on  which  have  been  based  the  many  refinements  of 
Cord  Tire  Design  and  Construction.  And  here  the  practical 
worth  of  these  structural  improvements  can  be  tested  in  a  few 
weeks'  time,  that  under  ordinary  circumstances  might  take  years 
to  prove. 

It  is  such  twenty-four-hour-per-day  testing  that  enables 
Firestone  to  develop  and  demonstrate  superior  mileage  and  to 
continue  to  make  tires  better  than  would  be  possible  without 
this  background  of  accurate  knowledge. 


Most  Miles 
per  Dollar 


CORD  TIRES 
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"Howdy"  Wilcox  drives  Haynes  Stock 
Car  Link-Belt  Silent  Chain  "Front  End" 
Drive)  75  Miles  an  Hour— "with  decided 
lack  of  vibration."     His  statement  is:— 


"On  Thursday,  March  9,  1922,  I  drove  a  strictly 
stock  Haynes  75  Speedster  over  the  Indianapolis 
Motor  Speedway  course,  at  Indianapolis,  Indiana, 
for  a  distance  of  twenty-five  (25)  miles.  I  attained 
speeds  ranging  from  seventy-four  (74)  to  eighty 
miles  an  hour.  The  speeds  were  clocked  officially 
by  the  Indianapolis  Motor  Speedway  electric  timing 
machine.  In  my  opinion,  the  Haynes-built  75  six- 
cylinder  engine  is  a  remarkable  stock  motor.  It  has 
the  necessary  speed,  stamina  and  get-away  to  meet 
the  requirements  of  the  most  exacting  motorist, 
and  AT  TOPMOST  SPEED  IT  SHOWED  A 
DECIDED  LACK  OF  MOTOR  VIBRATION. 
It  is  the  sturdiest  and  fastest  stock  sport  car  I  have 
ever  driven  to  date. 

(Signed)  'Howdy'   Wilcox." 


"Howdy"  Wilcox 
Alton  G.  Seiberling 
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Here  is  additional  evidence  for  Link-Belt  Silent  Chain  "Front  End"  Drives— another  proof 
that  the  Link-Belt  Automatic  Adjustment   (Vibration  Dampener)  tends   to  eliminate   vibration. 

Learn  more  about  the  advantages  of  the  Link-Belt  Silent  Chain  "Front  End"  Drive— consult 
with  our  experienced  Drive  Chain  Engineers. 

LINK-BELT  COMPANY,    INDIANAPOLIS 


SILENT  CHAIN  FRONT  END  DRIVES 
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